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RESUMO

Atualmente a dengue é a arbovirose de maior importancia mundial e um dos principais problemas
de salde publica no Brasil desde sua introdugdo na década de 1980. Dengue é uma doenga febril
aguda e geralmente de evolugdo benigna podendo evoluir para forma grave quando na presenca de
distarbios hemodindmicos, caracterizados por manifestacbes hemorragicas graves, derrames
cavitarios e choque. Apesar do conhecimento crescente a cerca da doenca e seu vetor, a evolugdo da
dengue para quadros clinicos graves ndo esta totalmente esclarecida. Os quatro sorotipos do virus
dengue (DENV) variam em termos de patogenicidade e viruléncia, embora essas diferencas ainda
ndo sejam bem compreendidas. O entendimento dos mecanismos envolvidos na patogénese da
doenca e a identificacdo precoce de marcadores de gravidade constitui um dos principais desafios
das pesquisas envolvendo dengue. Desta forma, o objetivo deste estudo foi de analisar os aspectos
virais, epidemioldgicos, clinicos e imunoldgicos de infecgbes causadas por DENV-2 circulantes no
Brasil. Para isto, amostras de DENV-2 isoladas de pacientes com diferentes manifestacdes clinicas
e representativas de seis estados brasileiros, de 1990 a 2010 foram sequenciadas. Avaliamos 260
casos confirmados de dengue atendidos nos centros de satde dos estados do Rio de Janeiro (RJ) e
Mato Grosso do Sul (MS) nos anos de 2010 e 2013. Os pacientes foram classificados de acordo
com a nova classificagdo da OMS, 2009 nos grupos: 163 (62.7%) dengue sem sinais de alarme
(DSSA), 75 (28,8%) dengue com sinais de alarme (DCSA) e 16 (6.2%) dengue grave (DG). Os
resultados obtidos pelo sequenciamento parcial e / ou total do genoma caracterizaram as amostras
de DENV-2 brasileiras como pertencentes ao genotipo do Sudeste Asiatico e duas linhagens dentro
deste gendtipo foram identificadas. As cepas circulantes na introdu¢do do DENV-2 1990-2003)
pertencem a Linhagem | e cepas isoladas apds a reintroducdo do DENV-2 em 2007 pertencem a
Linhagem Il. A anélise da carga viral das duas linhagens de DENV-2 demonstrou altos titulos em
amostras originarias de pacientes graves e do periodo 2007-2010 (linhagem Il) quando comparados
com as amostras do periodo 1990-2003. Ainda, a analise comparativa de epidemias ocorridas no
MS em dois periodos distintos (DENV1/2 em 2010 e DENV-4 em 2013) demonstrou que apesar da
circulagdo dos 4 sorotipos de DENV no estado, a reintrodu¢do do DENV-4 ndo resultou numa
maior incidéncia de casos graves. Por outro lado, pacientes infectados pelo DENV1/2 (2010)
apresentaram menores contagens de plaquetas, maiorfrequéncia de hospitalizagdo e casos graves
quando comparados com os pacientes infectados pelo DENV-4 (2013). A proteina nao estrutural
NS1 é frequentemente associada com casos graves de dengue e, de fato, altos niveis circulantes de
NS1 foram encontrados em pacientes infectados pelos sorotipos DENV1/2 e apresentando formas
mais graves da doenca. Um caso fatal decorrente de hepatite fulminante, uma rara complicacdo da
infeccdo pelo DENV, com diagnostico confirmado de infeccdo pelo DENV-2 (linhagem II) foi
reportado em um paciente sem histérico prévio de doenca hepatica. Por fim, avaliamos a resposta
imunoldgica inata in vitro induzida pelas duas linhagens de DENV-2 determinando as taxas de
replicacdo viral e a indugao de um perfil de citocinas apos infecgdo de células dendriticas derivadas
de mondcitos humanos realizando analises comparativas. Os resultados demonstraram que ambas
linhagens de DENV-2 foram capazes de infectar células dendriticas humanas e ndo foram
observadas diferengas quanto a taxa de replicagdo viral ou producdo de citocinas quando estas
foram comparadas entre si. Interessantemente, sobrenadantes das células dendriticas infectadas
com linhagem Il apresentaram altos niveis da proteina NS1. Estes resultados em conjunto sugerem
gue a filogenia e caracterizacdo molecular das cepas de DENV circulantes podem predizer o
impacto de cepas virulentas na populacdo. Além disso, a identificacdo de biomarcadores,
relacionados tanto ao hospedeiro quanto ao virus, podera contribuir na prevencao das formas graves
da doenga.

XVi



ABSTRACT:

Currently dengue is the most important arbovirus of world and is the main public health problems
in Brazil since its introduction in the 1980s. Dengue is an acute febrile illness usually benign and
may progress to severe form in the presence of hemodynamic disturbances characterized by severe
hemorrhagic manifestations, cavitary stroke and shock. Despite the increasing knowledge about the
disease and its vector, the evolution of dengue to severe clinical forms is not fully understood. The
four DENV serotypes vary in terms of pathogenicity and virulence, although these differences are
poorly understood. Understanding mechanisms involved in the pathogenesis of disease as well as
early markers of severity identification is one the main challenges of dengue research. In this
context, the aim of this study was to analyze virus, epidemiological, clinical as well as
immunological aspects of infections caused by DENV-2 serotypes circulating in Brazil. For this,
DENV-2 strains isolated from patients with different clinical manifestations and representative of
six Brazilian states, from 1990-2010 were sequenced. We evaluate 260 confimed dengue cases that
were treated at health centers in Rio de Janeiro (RJ) and Mato Grosso do Sul (MS) states in 2010
and 2103. Patients were classified according to the new dengue classification WHO 2009 in the
following groups: 163 (62.7%) dengue without warning signs, 75 (28,8%) dengue with warning
signs, and 16 (6.2%) severe dengue. The results obtained by partial sequencing and / or total
genome characterized samples of DENV-2 Brazilian as belonging to the genotype of Southeast
Asia and two lineages within this genotype were identified. Strains circulating prior DENV-2
emergence (1990-2003) belong to Southeast Asian genotype, Lineage | and strains isolated after
DENV-2 emergence in 2007 belong to Southeast Asian genotype, Lineage Il. Analysis of viral
loads of both DENV-2 lineages showed higher titers in samples originated from severe patients
2007-2010 (lineage Il) when compared with from 1990-2003. Also, comparative analysis of
epidemics occurred in MS during two different periods (DENV1/ 2 in 2010 and DENV-4 in 2013)
showed that despite circulation of four serotypes in the state, the reintroduction of DENV-4 did not
result in a higher incidence of severe cases. Moreover, DENV1/2 2010 infected patients showed
lower platelets counts, higher frequency of hospitalization and severe cases as compared with
patients infected with DENV-4 (2013). The nonstructural protein NS1 is often associated with
severe cases of dengue and, indeed, high circulating levels of NS1 were found in DENV1/2 infected
patients and those presenting more severe forms of disease. A fatal case evolving fulminant
hepatitis associated with DENV-2 (lineage Il), a rare complication of dengue infection, was
reported in patient without a previous history of liver disease.. Finally, we evaluated the innate
immune response induced by both DENV-2 lineages determining viral replication rates and the
induction of a cytokine profile after infection of dendritic cells derived from human monocytes in
vitro performing comparative analyses. Our results showed that both DENV-2 lineages were able to
infect human dendritic cells and no difference was found in the viral replication ratio or in the
cytokine production after comparative analysis. Interestingly, infected dendritic cells supernatants
from lineage Il exhibited high levels of NS1 protein. These results together suggest that the
phylogeny and molecular characterization of circulating DENV strains can predict the impact of
virulent strains in the population. Furthermore, the identification of biomarkers, related to both host
and virus will contribute in the prevention of severe forms of disease.
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1. INTRODUCAO

A dengue é uma doenca viral aguda sistémica que se estabeleceu globalmente atraves
de transmissdo endémica e epidémica. Endémica em mais de 100 paises nas Ameéricas,
Sudeste Asiatico, Oeste do Pacifico, Africa e as regides do Mediterraneo oriental, sua
incidéncia aumentou 30 vezes nos Gltimos 50 anos (Guzman & Harris, 2015). Estima-se
que ocorram 390 milhdes de novas infec¢Bes por ano e que 96 milhdes apresentem algum
tipo de manifestagdo aparente (Bhatt et al., 2013). Os atuais esforgcos para conter a
transmissdo da dengue estdo focados no combate ao vetor através da combinacdo de
métodos quimicos e biolégicos (WHO/TDR, 2009).

O custo e as perdas econdmicas com dengue tém crescido e estima-se que dois bilhdes
de dolares sejam gastos anulamente nas Américas e que cerca de 60% deste gasto
correspondam aos custos indiretos, principalmente perda de produtividade. O Brasil € o
pais onde o custo da dengue é mais elevado nas Américas (42% da carga total). Com
aproximadamente 1.35 bilhdes de dolares anuais, gastos anualmente (Shepard et al., 2011).

A infecgdo pelos virus dengue (DENV) em seres humanos na maioria das vezes
apresenta—se de forma assintomatica (Endy et al., 2011; Simmons et al., 2012), mas pode
também apresentar uma ampla variedade de manifestacGes clinicas, desde uma febre
branda até as formas graves potencialemte fatais conhecidas como Febre Hemorragica do
dengue/Sindrome de Choque por Dengue (FHD/SCD) (WHO/TDR, 2009). A imunidade
vitalicia é desenvolvida apds a infeccdo por um dos quatro sorotipos dos DENV que é

especifica para o sorotipo infectante (Simmons et al., 2012).

1.1. Historico da dengue

Sintomas de uma doenca febril compativel com a dengue foram descritos em uma
Enciclopédia Chinesa de sintomas e remédios em 265 a 420 d.C. durante a Dinastia Chin e
formalmente editados em 610 d.C. (Dinastia Tang). Posteriormente em 992 d.C. (Dinastia
Norte Sung), esta doenca que se apresentava com manifestacGes clinicas com febre,
exantema, artralgia, mialgia e manifestacdes hemorrégicas, passou a ser reconhecida como
“veneno da agua” devido a associagdo dos insetos voadores com a agua..

Porém, as primeiras epidemias bem documentadas ocorreram entre 1779 e 1780, nos
continentes Asiatico, Norte Americano e Africano (Gubler, 1997; 1998). O termo dengue

foi introduzido na literatura médica inglésa, entre 1827 e 1828, durante uma epidemia
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ocorrida no Caribe onde as principais caracteristicas clinicas observadas foram exantema e
artralgia. Em 1869, foi estabelecido pelo “London Royal College of Physicians” a
denominacdo desta enfermidade, até entdo referida na literatura como "febre articular",
"febre quebra ossos”, "dinga", "polka", entre outros (Halstead, 1974; Halstead, 1980).

No inicio da década de 1900, foi demonstrada que a transmissdo dos DENV era
realizada por mosquitos e estudos desenvolvidos por Bancroft em 1906 demonstraram que
0 vetor Aedes aegypti era capaz de transmitir os DENV (Gubler, 1997).

Durante a Il Segunda Guerra Mundial pesquisadores japoneses (Hotta, 1952) e
americanos (Sabin, 1952) isolaram as primeiras cepas dos DENV e, neste periodo, 0s
sorotipos 1 e 2 foram identificados, seguidos pelos sorotipos 3 e 4 nas Filipinas e na
Tailandia em 1954 (Hammon et al., 1960).

Apos a Il Guerra Mundial o DENV se dispersou mundialmente para areas tropicas e
subtropicais e a dengue passou a ser considerada uma das mais importantes doencas
reemergentes (Yamada et al., 2002). A distribuicdo global de todos os sorotipos dos
DENYV atingiu quase todos os continentes no fim da década de 1990, inicio do século 21.
Este processo foi facilitado pela convergéncia gradual de diversos fatores, incluindo
expansdo das populagBes urbanas, o aumento da densidade vetorial por insustentaveis
programas de controle e 0 aumento nas viagens aéreas comerciais (Vasilakis & Weaver,
2008).

Atualmente, todos os quatro sorotipos DENV circulam na Africa, Sul e Sudeste da Asia,
regides do Pacifico Ocidental, na bacia do Caribe, e nas Américas Central e do Sul, com
registro de frequentes introducdes nos estados do sul da América do Norte embora, até
momento, ndo existam relatos de surtos epidémicos nos EUA (Rodriguez-Roche & Gould,
2013).

1.2 Epidemiologia da dengue

A dengue atualmente é a arbovirose de maior importancia mundial, considerada um dos
principais problemas de saude publica. Nos tltimos 50 anos a sua incidéncia aumentou 30
vezes. A dengue é endémica em mais de 100 paises nas Américas, Sudeste Asiatico, Oeste
do Pacifico, Africa e as regifes do Mediterréneo oriental (Guzman & Harris, 2015) (Figura
1.1). Estima-se que ocorram 390 milhdes de novas infecgdes por ano e, destas, 96 milhdes

apresentam algum tipo de manifestacdo aparente (Bhatt et al., 2013).
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Figura 1.1: Distribuicdo global da dengue, 2014 (Adaptado de Guzman and Harris,
2015).

1.3. Dengue nas Américas

Relatos de uma doenca similar a dengue identificados em Martinica e Guadalupe e,
posteriormente, no Panama sdo considerados, oficialmente, os primeiros casos de dengue
nas Ameéricas no século XVII. No século XIX foram descritos inimeros surtos, em
intervalos irregulares, nas cidades portuérias do Caribe, Américas do Norte, Central e Sul
(Brathwaite Dick et al., 2012).

Apesar de inimeros surtos e epidemias de dengue descritos no final do século XIX e
inicio do século XX, os sorotipos envolvidos sé foram identificados em 1953, quando as
primeiras amostras de DENV foram isoladas em Trinidad, o DENV-2 foi o primeiro
sorotipo isolado nas Américas (Anderson et al, 1956). Dez anos depois, com o isolamento
das primeiras amostras de DENV-3 em Porto Rico, as epidemias ocorridas no continente a

Americano na década de 1960 passaram a ser causadas pelossorotipos 3 e 2 (Gubler,1992).

Nas décadas de 1940 e 1950 a Organizacdo Pan-Americana de Saude (OPAS) iniciou
um programa de erradicagdo do mosquito vetor A. aegypti com o objetivo de prevenir
epidemias urbanas de febre amarela o que resultou na diminuigdo significativa das
epidemias de dengue nas Américas. No entanto, a descontinuidade do programa de
erradicacdo no inicio dos anos 70, resultou na reinfestacdo deste vetor pelo continente
(Schliesman & Calheiros, 1974; Pinheiro, 1989; Gubler, 1997). O DENV-1 foi introduzido
em 1977 e foi responsavel pelas epidemias ocorridas na Jamaica e Cuba e em 1978 pelas
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epidemias em Porto Rico e Venezuela. Em 1981, o DENV-4 foi introduzido no leste das
Ilhas do Caribe e se dispersou rapidamente para outras regides, causando epidemias em
regibes com recente epidemia pelo DENV-1 (Gubler, 1997; Guzman & Kouri, 2003). Neste
mesmo ano, uma nova variante do DENV-2 de origem asiatica foi introduzida no
continente americano, causando em Cuba, a primeira epidemia de FHD/SCD das Ameéricas
(Kouri et al., 1986; Pinheiro & Corber, 1997). Nesta epidemia foram notificados cerca de

344.000 casos, com aproximadamente 116.000 internacdes (Kouri et al., 1986).

Em 1994, o DENV-3 foi reintroduzido na Nicardgua e Panama e, em 1995, no México.
Esta variante de DENV-3 mostrou-se geneticamente distinta daquela que anteriormente
circulava nas Américas (geno6tipo 1V) e foi caracterizada como geno6tipo 1l1. Este genotipo
foi associado & ocorréncia de epidemias de FHD/SCD no Sri Lanka e India e casos de FHD
no México e nos paises da América Central (Lanciotti et al, 1994; Gubler, 1997; Gubler &
Meltzer, 1999, Brathwaite Dick et al., 2012). Nos anos seguintes, 0 DENV-3 foi detectado
em outros paises do continente, chegando & América do Sul (Pinheiro et al, 1997; Rigau-
Perez et al, 2002).

Sucessivas epidemias com aumento no nimero de notificagdo de casos e da gravidade
da doenca comecaram a ser registradas no final dos anos 90 e inicio dos anos 2000. Em
2002 um namero recorde de 1.015,420 casos foi registrado, com 14.374 casos de FHD e
255 Obitos (Brathwaite Dick et al., 2012) com mais de 75% do numero total de casos
registrados no territorio brasileiro (Nogueira et al., 2002).

Em 2008 foram registrados nas Américas 908.926 casos de dengue, com 25.696 casos
de FHD e 306 6bitos. No Brasil a reemergéncia do DENV-2 causou uma epidemia com
mais de 700 mil casos suspeitos, destes, 9.957 casos de FHD e 212 6bitos, até a semana
epidemioldgica 35 (PAHO, 2009).

Em 2010 mais de 1,7 milhdes de casos foram notificados, com 50.235 casos graves,
1.185 mortes e uma uma elevada incidéncia de 200 casos / 100 mil habitantes paises. A
taxa de letalidade de dengue nas Américas naquele ano foi de 2,6%. Varios paises da regido
sofreram surtos de dengue excedendo o nimero total de casos ja registrados, incluindo a
introducdo de dengue em é&reas sem relato de casos, como em Key West, Florida
(Brathwaite Dick et al., 2012).

Durante 0 ano de 2013, 2.386,836 casos de dengue foram registrados nas Américas, com

um total de 37.903 casos de dengue grave e 1.318 casos fatais, em um periodo de
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cocirculacdo dos quatro sorotipos em diversos paises das Americas. (PAHO, 2013). Um
ano depois, em 2014, foram notificados 1.176,529 casos de dengue com 16.238 casos
graves e 798 obitos (PAHO, 2014). Em 2015, ate a 522 semana epidemioldgica, 2.326,829
casos de dengue foram notificados nas Américas, com 10.276 casos de dengue grave e
1.181 Abbitos e mais uma vez o Brasil foi responsavel pelo o maior nimero de casos
notificados no continente americano ( 71% ) (PAHO, 2015).

1.4. Dengue no Brasil

Os primeiros surtos de dengue foram descritos no municipio do Rio de Janeiro (RJ), em
1864, na cidade de Curitiba e no estado do Rio Grande do Sul (RS) e em 1917
e,posteriormente, nos anos de 1922 e 1923 novamente a cidade do Rio de Janeiro
(Figueiredo, 1998; Figueiredo, 2000).

A primeira identificacdo dos sorotipos de dengue, responsaveis por epidemias ocorreu
em 1981, na cidade de Boa Vista em Roraima (RR), quando 7.000 casos da doenca foram
notificados e as primeiras amostras de DENV-1 e DENV-4 foram isoladas (Osanai et al.,
1983). Em 1986 foi registrada uma epidemia de DENV-1 no municipio de Nova Iguacgu,
que se espalhou para varios municipios do estado do Rio de Janeiro (RJ). O intenso
movimento de pessoas permitiu a rapida dispersdo do virus, avancando para os estados de
Alagoas (AL) e Ceara (CE) e, no ano seguinte, para os estados de Pernambuco (PE), So
Paulo (SP), Bahia (BA) e Minas Gerais (MG) (Schatzmayr et al., 1986; Miagostovich et
al., 1993; Figueiredo, 1996).

A introducdo do DENV-2 em 1990, na Regido Metropolitana do Estado Rio de Janeiro,
na cidade de Niteroi, resultou em uma grande epidemia no periodo de 1990-91 com a
cocirculacdo de DENV-1 e DENV-2 (Nogueira et al, 1990; Nogueira et al, 1993). Neste
periodo a situacdo do DENV no pais foi agravada pela introducdo deste novo sorotipo,
quando, entdo, foram notificados os primeiros casos de (FHD/SCD) no RJ com oito ébitos
(Nogueira et al., 1990; 1991; Teixeira et al., 1999).

Em dezembro de 2000, o DENV-3 foi detectado no municipio de Nova Iguagu/RJ,
quando foi sorotipo responsavel pela maior e mais grave epidemia de dengue no pais até o
ano de 2002 (Nogueira et al., 2000; 2001; PAHO, 2002). O DENV-3 predominou na maior
parte dos estados do Brasil entre os anos de 2002 e 2006 (SVS, 2010).



A reemergéncia do DENV-2 em 2007 foi responsavel pela mais grave epidemia ocorrida
em 2008 quando foram notificados 806.036 casos, com 17.961 casos de dengue com
complicacdoes (DCC), 4.195 casos de FHD e 478 obitos (SVS, 2009). A introducdo de
uma nova linhagem de DENV-2 (Oliveira et al, 2010; Faria et al., 2013) nesta epidemia
apresentou um aumento significativo no nimero de FHD e de mortes em menores de 15
anos (Teixeira et al., 2009, Macedo et al., 2013).

O monitoramento de sorotipos circulantes ao longo de 2009 apontou para uma nova
mudanga no sorotipo predominante, com a reemergéncia do DENV-1 (dos Santos et al.,
2011), fato que determinou um alerta para a possibilidade de uma nova epidemia tendo em
vista a baixa circulacdo deste sorotipo desde o inicio da década. Naquele ano, foram
notificados 528,883 casos suspeitos, 8,223 casos de graves e 298 dbitos (SVS, 2009;
PAHO, 2009). De fato, a reemergéncia do DENV-1 em 2009 foi responsavel pela alteracéo
na epidemiologia com a ocorréncia de Obitos em pacientes que apresentavam
comorbidades, com o aumento das taxas de internacGes em maiores de 60 anos de idade
(Siqueira Janior, 2011).

Apesar de Figueiredo et al (2008) ter relatado a deteccdo de DENV-4 em pacientes
residentes na cidade de Manaus, entre 2005 e 2007, estes dados ndo foram confirmados
pelo Ministério da Sadde. Contudo, em julho de 2010, o DENV-4 foi detectado 30 anos
apoOs sua primeira identificacdo em uma unidade sentinela de monitoramento viral de
Roraima (RR) (SVS, 2010). Os primeiros casos decorrentes da dispersdo do DENV-4 s0
foram detectados em 2011, nas regides Norte, Nordeste e Sudeste do Brasil, quando
775.060 casos foram notificados no pais (Nogueira & Eppinghaus, 2011). Deste total,
764.032 foram referentes a casos de febre do dengue, 10.546 casos graves (7.744 por DCC
e 2.802 por FHD) e 482 casos fatais (191 por FHD e 291 por DCC). No ano de 2012 foram
notificados 594.343 casos da doenga, com 589.591 casos de febre do dengue, 4.425 casos
graves (3.429 por DCC e 996 por FHD) e 327 ¢ébitos (121 por FHD e 206 por DCC)
(SVS/IMS, 2013).

Em 2013 o pais viveu a maior epidemia de nimero de casos ja registrada até o
momento, com 1.468,873 casos de dengue, 6.969 casos graves e 545 mortes (PAHO,
2013), com predominancia do DENV-4, que correspondeu a 60% dos casos. A regido
Sudeste, foi responsavel por 63.4% de casos, seguida pela regido Centro-Oeste (18.4%),
Nordeste (10.1%), Sul (4.8%) e Norte (3.3%) (Rede Dengue, FIOCRUZ).

No ano de 2014, dos 591.080 casos notificados, 689 foram dengue grave com 410

obitos (PAHO, 2014), em um periodo no qual circulavam os quatro sorotipos de DENV no
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Brasil (SVS, 2014). Até a 522 semana epidemioldgica de 2015, foram registrados 1.649,008
casos provaveis de dengue no pais, com 764 casos de dengue grave e 20.329 casos de
dengue com sinais de alarme confirmados. Em relacdo aos ébitos por dengue em 2015, é
pertinente registrar que, diante da confirmagdo de 863 Obitos por dengue, houve um
aumento de 82.5% em comparacdo com o mesmo periodo de 2014. A regido Sudeste
concentrou 65.2% dos Obitos ocorridos no pais, com 0 maior nimero de 6Obitos registrado
no estado de SP. A cocirculacdo dos quatro sorotipos foi detectada nas regides Norte,
Nordeste e Sudeste, com a predominancia dos DENV-1 (93.8%) dos casos confirmados
(SVS, 2015).

1.5. Vetor e ciclo de transmissao

Os DENV s@o mantidos na natureza através de dois ciclos distintos: silvestre e
humano. No ciclo silvestre a transmissdo € realizada entre os Aedes spp. arboricolas e
primatas ndo-humanos, parecendo este ser o Gnico hospedeiro amplificador. Na Africa os
principais vetores sdo Ae. (Stegomyia) luteocephalus, Ae. (Diceromyia) furcifer e Ae.
(Diceromyia) taylori. O mosquito ancestral arboreo, Ae. aegypti formosus, principal vetor
doméstico de transmissdo do DENV nédo se mostrou capaz de se infectar pelo DENV
silvestre (Weaver & Vasilakis, 2009; Chen & Vasilakis, 2011). Os hospedeiros primatas na
Africa incluem o macaco Patas (Erythrocebus pernas), macaco verde africano
(Chlorocebus sabaeus), Babuinos Guiné (Papio papio) e espécies possivelmente
relacionados como Papio anubis, Papio ursinus e Papio cynocephalus.

Na Asia, os principais vetores incluem os mosquitos primatofilicos do complexo Ae.
(Finlaya) niveus sl., um grupo que inclui Ae. pseudoniveus, Ae. subniveus, Ae. vanus,
Ae.albolateralis, Ae. niveoides e Ae. novoniveus. Estas espécies sdo também conhecidas
por descer das arvores até o solo para se alimentar em humanos. Os hospedeiros primatas
asiaticos incluem os macacos cinomolgos (Macaca fascicularis), macacos de rabo de porco
do sul (Macaca nemestrina) e macacos folhas prateadas (Presbytis cristata) e,
possivelmente, macacos folha verde-mitrados (Presbytis melaphos). Embora até o
momento apenas dois focos de transmissédo do DENV silvestre tenham sido documentados,
é provavel que ocorra a transmissdo do DENV silvestre, ainda ndo descrito, em outros
locais de Africa tropical e da Asia. Até 0 momento nio ha nenhuma evidéncia concreta da
existéncia da transmissdo do ciclo silvestre nas Américas (Chen & Vasilakis, 2011).

Atualmente, quase todas as infecgbes humanas sdo devidas a circulagdo do DENV

exclusivamente em ambientes domésticos e peridomiciliares ao longo dos tropicos, onde o
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homem serve como Unico reservatorio de amplificacdo. Neste ciclo humano, Ae. aegypti
aegypti é o principal vetor que transmite 0 DENV, enquanto outras espécies de Aedes, por
exemplo, Ae. albopictus, Ae. polynesiensis, servem como vetores secundarios. (Chen &
Vasilakis, 2011).

A transmissdo ocorre durante o repasto sanguineo, quando as fémeas adultas dos
mosquitos do género Aedes transmitem o virus da dengue ao hospedeiro humano. O ciclo
de transmissdo envolve a ingestdo de sangue virémico (sangue periférico contendo as
particulas virais circulantes) pelo mosquito vetor e ap6s um periodo de incubagédo
extrinseco ocorre a transmissdo do virus ao hospedeiro vertebrado. O periodo de incubacéo
no vetor dura de 8 a 12 dias e é requerido para que ocorra a replicacdo e disseminacdo viral
na hemocele e em todos os tecidos do inseto, até finalmente infectar as glandulas salivares
tornando 0 mosquito capaz de transmitir o virus para um novo hospedeiro humano
susceptivel. O mosquito permanece infectado e assintomatico durante toda sua vida e é
capaz de transmitir o virus da dengue para diversas pessoas, devido a sua capacidade de se
alimentar em mudltiplos individuos em sucessdo. Outra forma importante de transmissdo
que ocorre entre 0s mosquitos do género Aedes é a transmissao transovariana (TTO), em
que o virus da dengue € transmitido diretamente para a prole, dispensando o homem no
ciclo mantenedor, esta transmissdo tem sido sugerida como um mecanismo de manutencao
dos DENV em ambos os ciclos de silvestre e humano.

O hospedeiro humano torna-se virémico apds um periodo de incubacdo de 3 a 14 dias,
ap6s a picada por um mosquito infectado, concomitante ao inicio do periodo febril
(Vaughn, 1996; Gubler, 1998, Chen & Vasilakis, 2011). Outra forma associada a
manutencdo dos DENV, pode ser devido ao elevado nimero de casos assintomaticos de
dengue tornando a transmissao silenciosa em humanos por um nimero reduzido de vetores.
Este mecanismos € importante na transmissdo do DENV em peridos interepidémicos (Kyle
& Harris, 2008).

1.6. Agente etioldgico
1.6.1. Classificacéo e organizacdo do genoma dos virus dengue (DENV)
Os DENV pertencem a familia Flaviviridae e ao género Flavivirus. S&o
classificados como arbovirus que compreendem um grupo taxondmico de diversos virus
transmitidos por artropodes (Calisher, 1989). Os DENV sdo mantidos na natureza por um

ciclo de transmissdo envolvendo hospedeiros vertebrados e mosquitos hematdfagos do



género Aedes, 0 homem, é o Unico hospedeiro capaz de desenvolver as formas clinicas da
infeccdo (Gubler, 2002).

Possuem propriedades antigénicas distintas, caracterizando quatro sorotipos especificos
denominados virus dengue tipo 1 (DENV-1), virus dengue tipo 2 (DENV-2), virus dengue
tipo 3 (DENV-3) e virus dengue tipo 4 (DENV-4) (Lindebach & Rice, 1999). Estudos
recentes descrevem o isolamento do DENV-5 a partir de material coletado de um homem
em 2007 na Malasia, porém até o momento ndo foi disponibilizada a sequéncia gendmica
deste novo virus (Normile, 2013).

Os DENYV sdo esféricos, envelopados e com cerca de 40 a 50 nandmetros de diametro.
O RNA fita simples e polaridade positiva, com aproximadamente 11 kb, é envolto por um
nucleocapsideo de simetria icosaédrica, composto por uma Unica proteina, a proteina de
capsideo (C) circundada por uma bicamada lipidica associada as proteinas de membrana
(M) e envelope (E) (Lindebach et al., 2007) (Figura 1.2).
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Figura 1.2: Estrutura do DENV. A: Diagrama esquematico dos DENV (adaptado
de Heinz & Allison, 2001), B e C: Estrutura do DENV apresentando os dimeros da
proteina E (Kuhn et al, 2002).

O RNA que é modificado em sua extremidade 5’ pela adigdo da estrutura cap, mas é
destituido de cauda poli-A na extremidade 3°, apresenta uma tUnica fase de leitura aberta
que codifica uma poliproteina precursora das proteinas virais. Esta proteina precursora é
clivada pelas proteases celulares do hospedeiro e pela protease viral, dando origem a dez
proteinas, destas, trés séo proteinas estruturais C, pré-membrana/ membrana (prM/M) e E,
e sete proteinas ndo estruturais NS1, NS2A, NS2B, NS3, NS4A, NS4B e NS5. As proteinas
estruturais traduzidas s&o incorporadas as particulas virais durante a maturagdo, enquanto

as proteinas ndo estruturais estdo envolvidas na replicacdo e/ou montagem dos virions
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(Figura 1.3). As regides ndo-codificantes 3’ e 5’ sdo importantes na replica¢do viral
(Mukhopadhyay et al., 2005; Qi et al., 2008).
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Figura 1.3: Diagrama esquematico da organizagdo e processamento da poliproteina
nos flavivirus. (A) Poliproteina viral — proteinas estruturais e nao estruturais. (B)
Topologia a membrana putativa da poliproteina prevista a partir de analises
bioquimicas e celulares, as quais sdo processadas por proteases celulares e virais
(indicadas pelas setas). (C) Diferentes complexos que surgemnos diferentes
compartimentos durante e apdés o processamento da poliproteina. (Adaptado de
Assenberg et al., 2009).

A proteina C (13-14 kDa) é altamente bésica e que, associada ao RNA viral, forma o
nucleocapsideo. Possue residuos basicos concentrados nas extremidades amino e carboxi
terminais que sdo separados por uma regido interna hidrofobica que ira mediar a associa¢ao
com a membrana da célula (Ma et al., 2004; Mukhopadhyay et al., 2005).

A PrM (~ 26 kDa) é gerada pela clivagem da extremidade N-terminal no reticulo
endoplasmatico (RE) por uma peptidase sinal do hospedeiro. Durante a saida do virion, a
proteina prM é clivada pela enzima furina residente no trans-Golgi originando a proteina
M presente na particula madura (Stiasny & Heinz, 2006; Lindebach & Rice., 1999).

A proteina M (22,0 kDa) é sintetizada sob a forma imatura, denominada prM. E uma

proteina de transmembrana que interage com a proteina E (Muylaert et al., 1997). A funcéo
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da prM ¢ estabilizar a proteina E, impedindo a exposi¢do prematura do peptideo de fuséo
ao pH reduzido encontrado na via exocitica. A retencdo da proteina prM pode afetar a
conformacéo e antigenicidade da proteina E e reduzir a infectividade viral inibindo a fusao
dependente de &cido (Stadler et al., 1997, Heinz & Allison, 2001).

A glicoproteina E (51-60 kDa) é a principal e a maior proteina estrutural do virus, é
responsavel por atividades bioldgicas do ciclo viral, tais como a montagem da particula, a
interacdo com receptores celulares e a fusdo com a membrana celular do hospedeiro.
Alguns de seus epitopos induzem resposta imune humoral capaz de impedir a entrada do
virus na célula alvo, promovendo a neutralizacdo viral. O dominio Ill da proteina é
responsavel pela ligacdo do virus a célula hospedeira e os anticorpos produzidos contra este
dominio sdo capazes de obstruir o sitio de ligacdo viral ao receptor de membrana celular
(Chambers et al.,1990).

A glicoproteina NS1 (~ 46 kDa) pode ser encontrada de trés formas, (i) no interior
das células infectadas pelo virus, (ii) associada a membrana destas células (Chambers,
1990; Lindebach, Triel & Rice., 2007) e (iii) na forma sollvel, é secretada em grandes
quantidades, o que possibilita a sua deteccdo no soro de pacientes na fase aguda da
infeccdo (Young et al., 2000). A NS1 é translocada pela via do RE utilizando a
extremidade C-terminal da proteina E . (Falgout et al., 1989; Lindebanch et al 2007). A
proteina NS1 constitui uma subunidade do complexo de replicacdo do RNA viral
(Mackenzie et al., 1996; Westaway et al., 1997). A proteina NS1 na forma secretada forma
imunocomplexos podendo ativar a via do sistema complemento, contribuindo, assim, na
patogénese (Avirutnan et al., 2006). Embora os efeitos da NS1 na patogénese da dengue
ocorram devido a formacdo de imunocomplexos com anticorpos anti-NS1 (Avirutnan et al.,
2006; Cheng et al., 2009), recentes estudos tém demostrado o papel patogénico da proteina
NS1 por si s0. (Beatty et al., 2015; Modhiram et al., 2015).

A NS2A, que é relativamente pequena (~ 22 kDa), € uma proteina hidrofdbica
transmembrana. Esta proteina reconhece a por¢do 3’NC do RNA gendmico e ¢ uma
subunidade do complexo de replicacdo (Khromykh et al., 1999). A NS2B (~ 14 kDa) é
uma proteina associada a membrana com dois dominios hidrofébicos os quais rodeiam uma
regido conservada do genoma. Esta proteina forma um complexo com a NS3 e € um cofator
necessario para a funcédo serina protease de NS3 (Lindebach et al 2007).

A NS3, com aproximadamente 70 kDa, é a segunda maior proteina, que caracterizada
como multifuncional, contém diversas atividades necessarias para 0 processamento da

poliproteina e replicacdo do RNA. Estas caracteristicas sugerem que a enzima NS3
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desempenhe um papel importante durante os eventos da sintese de RNA viral juntamente
com a RNA polimerase do virus conhecida como NS5 (Chambers et al., 1990, Lindebach
et al., 2007).

As proteinas NS4A e NS4B sdo pequenas e hidrofdbicas e estdo associadas & membrana.
A proteina NS4A (~ 17 kDa) promove a interagdo do complexo NS5-NS3-NS2A-RNA a
proteina NS1, que se encontra no limen do RE, além de ser uma subunidade do complexo
de replicacdo. A proteina NS4B (~ 24,0 kDa) encontra-se dispersa na membrana
citoplasmatica e, possivelmente, no nucleo. NS4A e NS4B podem bloquear a via de
sinalizacédo do interferon (IFN) tipo | (a e B) e escape viral (Lindenbach & Rice, 2007).

A proteina NS5 (~ 103 kDa), a maior proteina viral altamente conservada entre 0s
Flavivirus, é uma proteina multifuncional com atividades de metiltransferase e de RNA
polimerase dependente de RNA (RdRp) (Lindenbach & Rice, 2007). NS5 dos DENV-2
induz a transcri¢do e secrecdo de IL-8, podendo aumentar a propagacao viral ou doenca
através do recrutamento de células inflamatorias para o local da infeccdo (Medin et al,

2005). Também bloqueia a resposta do interferon tipo 1 (a ¢ B) (Kelley et al., 2011).

1.7. Variabilidade genética dos virus dengue

Os DENV exibem um alto grau de variabilidade genética devido (i) a falta do
mecanismo de correcdo da RNA polimerase viral durante a replicacéo, (ii) as rapidas taxas
de replicacdo, (iii) ao grande tamanho populacional e pressdo frente a reposta imunologica
do hospedeiro (Twiddy et al., 2003). Esta alta variabilidade resulta na existéncia dos quatro
sorotipos que apresentam homologias entre 62% e 67% ao nivel de aminoacidos (aa), o que
poderia levar os sorotipos de DENV a classificacdo como grupos virais separados
(Westaway & Blok,1997). Historicamente, as variantes dentro de cada sorotipo de DENV
foram classificadas de formas distintas, acompanhando o progresso tecnoldgico.

Na década de 1970, estudos apontaram a existéncia de variantes antigénicas dentro
dos DENV-3,e que cepas de DENV-3 de Porto Rico e do Taiti eram antigénica e
bioldgicamente distintas das cepas da Asia (Russel & McCown, 1972). As primeiras
evidéncias para as diferencas geneticas entre os sorotipos de dengue ocorreram na década
de 1980, baseado na técnica de “fingerprinting” do RNA utilizando enzimas para digestdo
da fita do RNA, com o nimero e tamanho das fitas variando de acordo como tamanho da
sequéncia do virus, agrupando os virus em topotipos (Rico-Hesse, 2003; Chen & Vasilakis,
2011). Nos anos 90, a utilizacdo de métodos de sequenciamento do genoma viral e analise
filogenética permitiram a classificacdo dos DENV em grupos geneticamente distintos ou
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gendtipos dentro de cada sorotipo (Rico-Hesse, 1990; Lewis et al, 1993; Lanciotti et al.,
1994). Rico-Hesse (1990) definiu esses “gendtipos” como grupos de virus que apresentam
uma divergéncia em sua sequéncia nucleotidica menor que 6% dentro de uma determinada
regido do genoma viral (jungdo E/NS1).

Um estudo detalhado de andlises filogenéticas baseadas no sequenciamento do gene
E determinaram cinco genotipos para os DENV-1: Gen6tipo I, Genotipo 11, Gendtipo I,
Genotipo IV e Genotipo V (Quadro 1.1) (Weaver & Vasilakis, 2009).

Anélises filogenéticas baseadas no sequenciamento do gene E determinaram seis
genotipos distintos para os DENV-2: Gendtipo Asiatico 1, Gendtipo Asiatico Il, Genotipo
Cosmopolita, Genotipo Americano, Gendtipo Sudeste Asiatico/Americano, Genotipo
Selvagem (Quadro 1.1) (Weaver & Vasilakis, 2009).

O DENV-3 esta classificado em cinco gendtipos: Genoétipo I, Genotipo I, Gendtipo
I11, Genotipo IV, e Gendtipo V. Estudos realizados por Aradjo et al (2009) confirmaram a
circulagdo do gendtipo V que, embora considerado extinto, foi representado por cepas de
FD/FHD isolados entre 2002 e 2004 da América do Sul (Weaver & Vasilakis, 2009)
(Tabela 1).

Amostras selvagens de DENV-3 ainda ndo foram isoladas, mas € possivel que
existam na Mald&sia, uma vez que apresentaram macacos sentinelas apresentaram anticorpos
contra esses virus (Weaver & Vasilakis, 2009).

Os DENV-4 apresentam quatro genotipos distintos baseados na andlise da
sequéncia do gene E: Gendtipo I, Gendtipo Il, Gendtipo Il e Genétipo IV (Weaver &
Vasilakis 2009) (Quadro 1.1).

Recentemente foi anunciada a descoberta do DENV-5 em uma Gnica amostra, a partir de
material coletado de um homem em 2007 na Malasia, porém até o momento ndo foi
disponibilizada a sequéncia genémica deste novo virus e novos casos ainda ndo foram
descritos (Normile, 2013). E importante ressaltar que a classificacio dos DENV em
gendtipos dentro de cada sorotipo estd constantemente sendo modificada, a medida que
sequenciamento e analises evolutivas sdo aperfeicoados e os bancos de dados de genomas

dinamicamente se expandem.

13



Quadro 1.1: Classificacdo genotipica dos DENV baseada na analise filogenética do

sequenciamento do gene que codifica para a proteina E, de acordo com Weaver &

Vasilakis (2009) e Araujo et al (2009).

Sorotipo Genotipos
|
1
DENV-1 Il
AV
V*
Asiatico |
Asiatico Il
Cosmopolita
DENV-2
Americano
Sudeste Asiatico/Americano®
Selvagem
|
1
1=
DENV-3
AV
\
I*
I
DENV-4
11
AV

*Genotipos circulantes no Brasil.

Distribuicao geografica

Sudeste Asiatico, China, Leste da
Africa
Tailandia (1950-1960)

Malasia (cepas selvagens)
llhas do Oeste do Pacificoe
Australia
Ameéricas, Oeste da Africa Africano,
Asia
Malasia e Tailandia
Vietna, da China, Taiwan, Sri Lanka
e Filipinas
Australia, Leste e Oeste Africano,
llhas dos oceanos Pacifico e indico,
Subcontinente Indiano e Oriente

Meédio
America Latina, Caribe (1950-
1960),
Subcontinente Indiano e llhas do
Pacifico
Tailandia, Vietna, Ameéricas (ultimos
20 anos)

Qeste Africano e Sudeste Asiatico
(cepas isoladas em humanos,
mosquitos silvestres ou macacos
sentinelas)

Indonésia, Malasia, Filipinas e Sul
da llhas do Pacifico
Tailandia, Vietna e Bangladesh

Sri Lanka, India, Africa, Samoa,
Tailandia (1962)

Porto Rico, Americas Latina e
Central, Taiti (1965)
Filipinas (1956), Japao (1973),
China (1980) Ameérica do Sul (2002-
2004)

Tailandia, Filipinas, Sri Lanka e
Japao
(provenientes do Sudeste Asiatico)
Indonésia, Malasia, Taiti, Caribe e
Américas

Tailandia (cepas recentes)

Malasia (cepas selvagens)
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1.8. Replicagéo e interacdo dos virus dengue com células alvo

A infeccdo pelos DENV se inicia apds a picada do mosquito Aedes que juntamente
com a secrecdo salivar libera o virus na corrente sanguinea. A particula viral se liga a
receptores especificos na membrana plasmética da célula alvo e é internalizada
(Lindebanch & Rice, 1999; Mukhopadhyay et al., 2005). Os alvos primarios da infec¢do
pelo DENV séo as células dendriticas (DC), mondcitos e macréfagos (Clyde et al., 2006;
Kou et al., 2008).

Os DENV entram na célula através de endocitose mediada por clatrina e a proteina
Eassim como as glicoproteinas do DENV atuam como ligantes para diversos receptores
celulares, tais como: (i) DC-SIGN/CD 209 (dendritic cell ICAM-3 grabbing nonintegrin)
presente em subpopulacdes de DC; LC-SIGN (liver/lymph node-specific ICAM-3 grabbing
nonintegrin), expresso em células endoteliais dos sinusdides do figado, 6rgéos linfoides e
capilares placentarios; (ii) receptores de manose presentes em macrofagos e proteoglicanos
heparan sulfato (HSP) expressos em células endoteliais; (iii) ICAM-3, CD14, HSP70/90,
GRP78 e (iv) receptores de laminina (revisado por De La Guardia & Lieonard, 2014). O
pH &cido induz a fusdo do envelope do virion com a membrana celular e, em seguida, ap6s
0 desnudamento, o RNA viral é liberado no citoplasma. Com a entrada e exposicao do
RNA no citoplasma, inicia-se a traducdo da poliproteina viral precursora. A poliproteina
viral é clivada pela combinacdo de proteases virais e do hospedeiro. As proteinas
estruturais e ndo estruturais sdo codificadas na por¢do N-terminal da poliproteina.

A replicacdo inicia com sintese da fita negativa de RNA que serve como molde para
a sintese de fitas positivas de RNA da progénie. A montagem das particulas virais ocorre
em associacdo as membranas celulares internas, dentro do liamen do reticulo
endoplasmatico (RE) das células hospedeiras. A formacdo das particulas virais ocorre
através do revestimento do nucleocapsideo viral com as proteinas do envelope, ancoradas
na membrana do RE celular. Os virus brotam para dentro do limen do RE, adquirindo uma
membrana lipidica (envelope) e, assim, 0s virus se mantém solUveis nas cisternas do RE e
as particulas virais sdo liberadas pela via exocitica através do sistema de Golgi (Lindenbach
et al., 2007) (Figura 1.4).
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Figura 1.4: Ciclo de replicacdo dos flavivirus (Adaptado de Pierson & Diamond,
2012).

1.9. Manifestac6es clinicas e classificagdo dos casos de dengue

A dengue é uma doenca febril aguda causada por qualquer um dos quatro sorotipos
virais (Edelman & Hombach, 2008), que vdo desde uma infec¢do inaparente, uma doenca
febril aguda indiferenciada, até formas mais graves (OMS, 2009). A doenca sintomatica
segue tipicamente trés fases: uma fase febril inicial com duracdo de 3 a 7 dias; uma fase
critica em torno da defervescéncia durante a qual complica¢des podem aparecer em alguns
pacientes; e uma fase de recuperacdo espontanea (Simmons et al., 2012). Devido a
dificuldade que existia na classificacdo das diferentes formas clinicas, uma categorizacao
simplificada para a classificacdo da gravidade da dengue foi proposta pelo Programa
Especial para Pesquisa e Treinamento em Doencas Tropicais da Organizacdo Mundial da
Saude em 2009, intitulada Dengue Control [DENCOY], cujo objetivo € orientar médicos na
identificacdo precoce de casos graves (OMS, 2009). Observac6es preliminares do DENCO
confirmaram que utilizando um conjunto de parametros clinicos e/ou laboratoriais, é
possivel a distingdo entre pacientes com um quadro grave ou ndo da dengue (OMS, 2009).

Os seguintes critérios de gravidade da doenca foram estabelecidos (Figura 1.5):

1) dengue sem sinais de alarme (DSSA), caracterizada por ndusea, vomito, erupcdes
cutaneas, mialgia, cefaleia, artralgia, teste do torniquete positivo, sem sinais de hemorragia

e leucopenia com confirmagao laboratorial;
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2) dengue com sinais de alarme (DCSA) que inclui dor ou sensibilidade abdominal,
vomitos persistentes, acimulo de liquido, letargia, agitacdo, hepatomegalia (aumento > 2

cm), elevagdo das transaminases hepaticas e diminuigcdo na contagem de plaquetas;

3) dengue grave (DG) que € caracterizada por extravasamento plasmatico grave, podendo
levar ao choque (sindrome de choque da dengue - SCD) e acumulo de fluido acompanhado
de desconforto respiratorio, além de hemorragias graves e comprometimento de 6rgdos
como figado (niveis de AST ou ALT> 1000), comprometimento do sistema nervoso central

e/ou outros 6rgaos.

DENGUE # sinais de alarme DENGUE GRAVE

. \ ] 1. Extravasamento plasmatico grave
2. Hemorragia grave

Sem sinais

de alarme 3. Envolvimento organico grave

1. Extravasamento plasmatico grave
levando ao:

* Choque
s Actimulo de fluido com desconforto

Suspeito de Dengue Sinais de alarme*
Febre * Dor abdominal

Anorexia e nauseas * Vdmito persistente
Exantema * Sinal de acimulo de fluido

Dor continua

Mialgia e artralgia
Prova do lago
Leucopenia

Histdria de dengue na
vizinhanga ou de
viagem em area

* Sangramento de mucosa

» Letargia / irritabilidade

* Hepatomegalia >2cm

* Laboratério: Aumento do
hematocrito e rapida queda
na contagem das plaquetas

respiratorio
2. Hemorragia grave
* Avaliada pelo médico
3. Envolvimento grave dos érgdos
+ Figado: AST ou ALT = 1000 Ul/ml
* SNC: Alteragdo da consciéncia
+ Coracdo e outro 6rgaos

endémica de dengue

* Requer observagdo rigorosa e intervencio médica

Figura 1.5: Classificagdo clinica das infec¢des por dengue segundo a OMS, 2009
(OMS 2009).

1.10. Principais mecanismos envolvidos na imunopatogénese das infec¢cdes pelos
DENV
Diversas teorias sdo propostas para explicar o alto grau de variagdo das
manifestagdes clinicas causadas pelos DENV. A falta de um modelo animal adequado que
reproduza as formas graves da doenca tem dificultado a compreensdo da patogenia do
dengue, levando a hipdteses que tentam associar diferentes fatores de risco a gravidade da
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doenca (Halstead, 1988; Thein et al., 1997; Srikiatkhachom and Green, 2010). Até o
momento acredita-se que a infeccdo primaria seja capaz de criar protecdo efetiva e
duradoura para toda vida contra uma possivel infeccdo pelo mesmo sorotipo viral, porém
uma prote¢do cruzada contra outros sorotipos por um curto periodo também foi descrita
(Rothman, 2004). A neutralizacéo realizada por anticorpos especificos pode ocorrer pela
inibicdo da entrada do virus, atraves de seus receptores especificos na ceélula-alvo
(Nybakken et al., 2005) ou pela inibicdo da fusdo viral no citoplasma celular (Vogt et al.,
2009).
1.11. Teoria da viruléncia viral

Estudos anteriores sugeriram que a gravidade da doenca poderia estar relacionada
as variagdes genéticas e antigénicas em diferentes cepas virais infectantes (Rico-
Hesse, 1990, Leitmeyer et al., 1999; Cologna et al., 2005) e a altos niveis de carga viral
(Vaugh et al., 2000; Libraty et al., 2002). Neste contexto, estudos preliminares observaram
diferengas na patogenicidade e viruléncia entre os quatro sorotipos, com a evidéncia de que
0s DENV-2 e DENV-3 de origem asiatica foram associados com casos graves e fatais,
além de apresentarem um maior potencial de epidemia e viruléncia (Mackenzie et al.,
2004; Guzman et al., 2010). Estudos filogenéticos e epidemiol6gicos comprovam a
importancia da teoria de determinantes virais com estudos do sequenciamento nucleotidico
dos genes dos DENV-2 do gen6tipo americano associado a FD e do gendtipo Sudeste
Asiatico associado a FHD (Rico-Hesse, 2003).

1.12. Teoria da facilitacdo dependente de anticorpos ou ADE

A facilitagdo dependente de anticorpo ou ADE, “antibody dependent
enhancement”, preconiza uma associacao entre infeccdes secundarias e o aparecimento das
formas graves da doenca. Essa teoria sugere que a formagdo de imunocomplexos entre o
sorotipo viral infectante e anticorpos heterélogos da classe 1gG existentes em niveis sub-
neutralizantes de uma infeccdo anterior, facilitariam a infeccdo. Estes complexos, ao serem
reconhecidos e internalizados por fagocitos mononucleares, resultariam no aumento da
infeccdo e replicagdo viral. Essas células infectadas liberariam na corrente sanguinea,
mediadores vasoativos capazes de aumentar a permeabilidade vascular, a ativacdo do
sistema complemento e de coagulagédo (Halstead1988).

A ADE ocorre quando a endocitose do complexo antigeno- anticorpo (anti-DENV)
é mais eficiente do que a entrada das particulas virais livres na célula. A ADE é mediada

por anticorpos especificos contra a proteina E, que, em condi¢des de baixa concentracéo ou
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baixa avidez de anticorpos, ndo sdo capazes de neutralizar o virus, por estarem abaixo do
limite necessario para neutralizacdo viral (Pierson et al., 2007). Assim sugere-se que 0
processo aumente potencialmente o risco de desenvolvimento das formas graves da dengue
devido ao aumento de carga viral (GUzman et al., 1990; Halstead 2003; Mathew &
Rothman, 2008).

1.13. Teoria do pecado antigénico original

A infeccdo secundéaria por um sorotipo diferente do DENV resulta na ativagdo e
expansdo de células T CD4 e CD8 (células T de memoria), com baixa avidez, e de
reatividade cruzada para o sorotipo da infeccdo. (Mentor & Kurane, 1997; Remy, 2014).
Esses clones de memoria ndo exerceriam suas funcdes efetoras realizando o “clearance”
viral, porém, teriam alta capacidade na producdo de mediadores inflamatorios e poderiam,
de fato, promover a imunopatogenia do dengue (Mongkolsapaya et al.,2003). Sugere-se
que a patogénese da doenca possa ser causada pela ativacdo e expansdo dessas células, pois
0 sistema imune apresenta uma diminuicdo na eficacia em desenvolver uma resposta imune
celular especifica adequada ao DENV (Remy, 2014). A liberacdo de citocinas pro-
inflamatorias por essas células, como IFN-y, pode agir diretamente sobre o endotélio
vascular e resultar no extravasamento de plasma, um evento caracteristico das infeccBes
graves por DENV (Pang et al., 2007).

Estudos de polimorfismos genéticos tém possibilitado a correlagdo de diversos
genes com o0 aumento da susceptibilidade a FHD (Lan et al., 2011). Assim, especula-se que
uma mutacdo funcional na regido promotora do receptor DC-SIGN1-336 poderia estar
associada a protecdo ou a uma maior susceptibilidade a FHD (Sakuntabhai et al., 2005;
Wang et al., 2011).

Por fim, acredita-se que a patogénese da dengue seja multifatorial assim como o
desenvolvimento de um quadro mais grave envolvem diversos fatores, entre eles, os fatores
nutricionais e genéticos do hospedeiro, a idade, 0 sexo, 0 estado imunoldgico e as variagdes
genéticas entre os sorotipos e gendtipos virais infectantes (Guzman & Kouri., 2002
Malavige et al., 2004).

1.14. Células dendriticas
As células dendriticas (DCs) foram reconhecidas pela primeira vez em 1973 por
Steinman and Cohn como um “tipo celular originario de orgédos linféides periféricos de

ratos” (Steinman & Cohn, 1973). Estas células foram caracterizadas pela sua morfologia
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dendritica, baixa densidade, excepcional mobilidade e capacidade de apresentar antigenos
para células T em repouso. Embora tenham sido identificadas pela primeira vez em 0rgaos
linféides, células com as mesmas caracteristicas foram isoladas a partir de tecidos nédo
linféides em muitos roedores e no homem, incluindo a pele, pulméo, articulagdo sinovial e
trato gastrointestinal, bem como de sangue periférico (Thomas & Lipsky, 1996).

Estdo distribuidas por todos os tecidos do corpo, como células imunes parcialmente
diferenciadas, localizadas preferencialmente em sitios estratégicos onde existe a
possibilidade de entrada de um patdgeno. As linhagens de DCs representam um sistema
complexo, constituido por diversas subpopulacdes celulares em distintos estagios de
maturacao (Banchereau & Steinman, 1998). As DCs tém sido classificadas de acordo com
a localizacdo anatbémica, expressdo de moléculas de superficie e funcdo no sistema
imunoldgico. A importancia dos varios grupos de DCs tem sido atribuida principalmente
pelas diferencas na capacidade de acdo na resposta imunoldgica envolvendo producdo de
citocinas, quimiocinas, receptores de fagocitose de antigenos e receptores de
reconhecimento de padrdes de microrganismos (PPR) (Lipscomb & Masten, 2002). Em
humanos, trés subpopulacGes de DCs podem ser identificadas: (i) células de Langerhans
que estdo localizadas apenas nos epitélios (como a epiderme), (ii) células dendriticas
intersticiais que se infiltram em outros tecidos e (iii) células dendriticas plasmocitoides que
circulam como precursores no sangue e 6rgaos linfoides (Banchereau et al., 2000).

As DCs estdo presentes na maioria dos tecidos em uma fase de diferenciacdo
chamada “imatura”. As DCs imaturas (imDCs) sdo caracterizadas por intensa atividade
endocitica e capturam varios tipos de antigenos como patdgenos, células infectadas, células
mortas e seus produtos atraves de fagocitose, micropinocitose e endocitose mediada por
receptores (Steinman & Nussenzweig 2002).

Durante o processo de maturacdo das DCs, a capacidade de captura e
processamento de antigenos se encontra reduzida, propiciando a restricdo de apresentacdo
de peptideos endocitados na periferia. Ocorre um aumento de expressao de moléculas
MHC classe | e classe Il na superficie celular e também de moléculas co-estimulatorias
como CD80, CD86, CD83, CD40, CD38 e OX40L (Quah & O'Neill 2005).

As DCs compreendem menos de 0.1% do numero total de células brancas no sangue
periférico (Steinman, 1991) e que, além de desempenharem um papel Gnico na inicia¢do da
resposta imune, sdo fundamentais na ligacdo entre a resposta imunoldgica inata e
adaptativa. Devido a sua capacidade de apresentar antigenos aos linfocitos T naive, as
DCS séo denominadas tambem de células apresentadoras de antigenos (APC) (Gatti &

20



Pierre, 2003). Essas células sdo capazes de produzir citocinas e fatores sollveis quando
infectadas pelos DENV (Chen et al.,2002).

O reconhecimento de patogenos intracelulares ativa as vias de producdo pro-
inflamatorias pelas DCs. As citocinas produzidas pelas DCs atuam de forma autdcrina e
pardcrina, isto €, citocinas que atuam na propria célula ou em células vizinhas,
respectivamente. Dentre algumas dessas citocinas e quimiocinas produzidas pelas DCs
podemos destacar:

()TNF-a —citocina multifuncional, consideradao mediador inflamatorio mais importante
queexerce diversas fungdes tais como aumentar a habilidade fagocitica de macroféagos,
induzir a maturacdo de células dendriticas, induzir a expressao de moléculas de adesdo e o
aumento da permeabilidade no endotélio, propiciando o aumento do ndmero de células
mononucleadas no local da inflamacao (Vassalli, 1992; Tracey & Cerami,1993). A sua
acdo bioldgica propicia intensa lesdo tecidual, quando liberado sisttmicamente em altas
concentracdes, podendo ser o responsavel pelos quadros de hipotensdo, supressdo do
miocardio, extravasamento plasmatico e estimulacdo de cascatas de coagulacdo em
condicdes patologicas como na sepse bacteriana e na FD (Pinto et al., 1999; Pfeffer, 2003).
(i) IFN-a. —citocina anti-viral produzida em grandes quantidades principalmente pelas DCs
plasmacitdides mediante a infeccdo viral. A ligagdo com o seu receptor na célula, ativa as
vias do JAK-STAT que, consequentemente, induzem a expressdo dos genes ISGs
(Interferon- Stimulated Genes) através da ativacdo de seu fator de transcri¢do, o IRF7. Os
genes ISGs interferem na traducdo e na edicdo do RNA mensageiro viral e ainda possuem
acdo enzimatica direta sobre este RNA (Katze et al., 2002). O IFN-a é um diferenciador
do desenvolvimento das repostas do tipo Th1l (do inglés T helper) e da imunidade celular,
principalmente da ativacdo de células NK (Marshall et al., 2006).

(iii) 1L-10 - citocina moduladora da resposta imunolégica que diminui a expressdo dos
marcadores de maturacdo das DCs assim como a secrecdo de citocinas pro-inflamatérias
como IL-1B, TNF-a e IL-12, além da expressdo de moléculas coestimulatorias (Wallet et
al., 2005). As DCs produtoras de IL-10 podem induzir a diferenciagdo de linfocitos T
virgens em células T regulatérias 1. N&o se sabe ao certo se a IL-10 produzida seria um
mecanismo compensatorio ou imunopatolégico, apesar da fun¢do modulatéria na producéo
de TNF-a ser fundamental na patogénese do choque septico (Scumpia, 2005).

(iv) IL-6 — considerada uma citocina pleiotropica com inimeras atividades bioldgicas, é
produzida por diversas celulas linféides e ndo linféides. A IL-6 auxilia na regulacdo da

reatividade imunoldgica, na resposta de fase aguda, na inflamacéo, na oncogénese e na
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hematopoiese. A producdo de IL-6 é estimulada por TNF-o e IL-1B ¢ persiste por mais
tempo no plasma do que estas citocinas pro-inflamatdrias. Niveis plasmaticos de IL-6
foram correlacionados com mortalidade no choque séptico (Song & Kellum, 2005).

(v) IL-1 e IL-1Ra — a familia dessas citocinas esta relacionada com a inflamagéo e com a
defesa frente infeccdo. A IL-1 é uma citocina pré-inflamatoria que pode ativar DCs
(Blanco et al., 2008).

1.15. Papel das citocinas e mediadores inflamatdrios na imunopatogenia da dengue
Altos niveis de mediadores inflamatdrios (citocinas e quimiocinas) tém sido
encontrados no soro de pacientes com FD. A maioria desses achados esta presente em
pacientes com FHD/SCD, sugerindo gque as formas graves da doencase manifestam em um
contexto de amplificacdo da producdo de citocina, chamada de tempestade de citocinas (do
inglés cytokine storm), que atinge o epitélio endotelial e causa um aumento da
permeabilidade vascular, levando a manifestacbes hemorragicas, hemoconcentracdo e, em
alguns casos, o desenvolvimento do choque que pode levar a morte (Costa et al., 2013).
Estudos clinicos realizados em criancas e adultos infectados com DENV demonstram o
aumento significativo de varios mediadores inflamatérios solGveis, alguns dos quais
presentes nas formas mais graves da doenca e outros nas formas brandas (Srikiatkhachorn
& Green, 2010).

Estudos clinicos com dosagens de citocinas e de outros mediadores sdo descritos na
literatura, mas os resultados entre eles diferem, com alguns demonstrando associacdo do
IFN-y com casos graves de dengue ( Chakravarti et al., 2006; Bozza et al., 2008) enquanto
que outros estudos relatando um papel protetor para o IFN- y. Alguns autores afirmam que
a producdo de IFN-y foi essencial na resposta antiviral em camundongos infectados com
DENV-2. (Fagundes et al., 2011; Costa et al., 2012). Essas diferencas provavelmente estdo
associadas ao sorotipo do virus ou ao polimorfismo genético individual envolvido, além da

cinética de producdo desses mediadores ao longo da evolugédo da doenca.

Algumas citocinas pré-inflamatérias parecem exercer um papel patoldgico
durante a infecgdo. Estudos experimentais com o modelo murino demostraram que o
blogueio do TNF-o resultou na redugdo da taxa de mortalidade induzida durante as
infeccdes primarias e secundarias (Atrasheuskaya et al., 2003; Zellweger et al., 2010).
Linfdcitos T isolados de pacientes com FHD produziram niveis elevados de TNF-a apos

estimulagdo com DENV in vitro (Mangada et al., 2002). Além disso, os altos niveis
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circulantes dessa citocina tém sido associados com casos mais graves da doenca (Costa el
al., 2013).

Os niveis circulantes das interleucinas (IL) IL1B, 4, 6, 10 18, TGF-B também se
encontram elevados em pacientes infectados com diferentes sorotipos e manifestagdes
clinicas graves (Srikiatkhachorn & Green, 2010). As quimiocinas MCP1/CCL2,
MIP1a/CCL3, IL8/CXCL-8 e IP-10/CXCL10 sdo importantes mediadores inflamatdrios e

também parecem estar associadas com a gravidade (Lee et al., 2006; Bozza et al., 2008).

A hipotese da tempestade de citocinas (do inglés cytokine storm) tem sido estudada
por diversos grupos. Analises de soros de pacientes com FHD/SCD no Vietn4, india e
Cuba demonstrou a presencga de niveis elevados de IFN-y, TNF-a e IL-10 (Perez et al.,
2004; Nguyen et al., 2005, Chakravarti et al., 2006). Um estudo recente demonstrou um
aumento significativo de MCP-2, IP-10 e TRAIL no soro de pacientes venezuelanos
durante a fase febril (Becerra et al., 2009). Apesar da extensa investigacdo sobre o papel
das citocinas na progressdo da dengue grave (Chaturvedi et al., 2000; Mustafa et al., 2001,
Chatuverdi et al., 2009; Priyadarshini et al., 2010), os perfis de citocinas, especialmente, na
fase defervescence e a sinergia entre o0 que conduz o extravassamento plasmatico ainda nao

esta ainda totalmente compreendido

As citocinas e mediadores inflamatorios exercem um importante papel na
patogénese da dengue, podendo agir tanto de forma protetora como na exacerbacédo da
resposta imune, o que leva a um descontrole das respostas que culminara na gravidade da
doenca. Ainda ndo esta claro de que forma essa producéo excessiva de citocinas é induzida
e controlada, porém estudos recentes sugerem que casos graves da doenca acionam uma
descontrolada ativacao de células do sistema imune, assim como a ativacao da producéo de
mediadores pré-inflamatérios com uma consequente disfuncdo das células endoteliais

provocadas pela infeccdo (Costa et al., 2013).

1.16. Diagnostico laboratorial

O diagnostico preciso e eficiente da dengue é primordial para o cuidado clinico
adequado, deteccdo precoce de casos graves, diagndstico diferencial com outras doencas
infecciosas, atividades de vigilancia, controle de epidemias, entendimento da patogénese,

desenvolvimento de pesquisas académicas, vacinas e ensaios clinicos (OMS, 2009).

Os métodos laboratoriais para a confirmacdo de infeccdo pelos DENV envolvem

deteccdo do virus, do acido nucléico viral, captura de antigeno (NS1) e deteccdo de
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anticorpos especificos (IgM/lIgG), ou a combinagdo dessas técnicas (OMS, 2009). O
periodo de doenca determinara o método laboratorial ideal de investigacdo da infecgédo
(Figura 1.6). O virus pode ser detectado no soro, plasma, células sanguineas e tecidos
(OMS, 2009).Atualmente estudos utilizando amostras alternativas como saliva e urina tém
possibilitado a deteccdo do virus por qRT-PCR e deteccdo de anticorpos e, assim, mesmo
ndo apresentando resultados similares as amostras de plasma, a utilizacdo desses fluidos
torna-se importante em situacdes nas quais a coleta de sangue néo seja possivel (Andries et
al., 2015).

O isolamento viral é considerado “padrdo ouro” através do qual é possivel a
identificacdo direta do virus. E uma técnica demorada e requer pessoal técnico
especializado na executacdo. A inoculacdo da amostra suspeita pode ser realizada em
mosquitos, cultura de células ou em camundongos recém-nascidos, considerando, no
entanto, que a viremia coincide com a fase febril e que o isolamento é significaticamente
maior nas amostras coletadas até o 6° dia de doenca, (Kao et al., 2005). O isolamento viral
em células de mosquitos clone C6/36 (lgarashi, 1978) tem sido o mais utilizado, pois
demostrou alta sensibilidade aos DENV e por sua facil manutencdo (Miagostovich et al.,
1993). A presenca do virus pode ser detectada pelo efeito citopatico (ECP) na monocamada
celular ou pela deteccdo do antigeno viral através da técnica de imunofluoréncia indireta
que utiliza anticorpos monoclonais especificos para os quatro sorotipos (DENV-1 a 4)
(Gubler et al., 1984).

Para a deteccdo do acido nucléico viral e do sorotipo infectante diversos protocolos
de amplificacdo gendmica utilizando transcricdo reversa seguida da reacdo em cadeia pela
polimerase (RT-PCR), tém sido utilizados no diagnéstico répido das infec¢des por dengue
(Henchal et al., 1991, Lanciotti et al., 1992; Figueiredo et al., 1997; De Paula et al., 2002).

24



Deteccdo NS1

Isolamento Viral
Deteccdo RNA

B

| Viremia

A
| 1 L)
SR AR sHE s el BT
O.D H .|| lgMprimério |
AN R RARF CATSRARTIFRILI AN
232 IgM secundario 22
A A
30 | >25
. NN 60
O.D Z 777222222 80
// 1gG infecgdo secundaria
7 0
>

-1 0123 4 5 6789101112 13 14 15 1620 21-40 41-60 61-80 90 >90 Dias

Inicio dos sintomas (dias)

Figura 1.6: Linha do tempo aproximada das infec¢bes priméria e secundaria pelos
virus dengue e métodos de diagnoéstico de acordo com o dia de doenga (Adaptado de
OMS 2009).

As técnicas soroldgicas utilizadas para a deteccdo de anticorpos especificos,
possibilita a identificacdo de infeccBes atuais ou recentes, através da captura das
imunoglobulinas de classe M (IgM) por ELISA (MAC ELISA) (Kuno et al., 1987). Teste
para a deteccdo de anticorpos da classe IgG (IgG-ELISA), que foi desenvolvido por
Miagostovich et al.(1999) em substitui¢do ao teste de HI, é utilizado para classificar o tipo
de infeccdo para a dengue (primaria ou secundaria) de acordo com os titulos observados no

teste.

A deteccdo de antigeno NS1 pode ser realizada através de meétodo imunoenzimatico
(ELISA) ou por testes imunocromatograficos rapidos, disponiveis comercialmente, que
permitem a deteccdo de antigenos NS1 virais especificos, precocemente. Estudo recente
que avaliou estes Kits comerciais para a deteccdo do antigeno NS1, confirmou que, além de
serem utéis para o diagnostico laboratorial da dengue primaria e secundéaria na fase aguda,
devem ser usados em combinacdo com 0 MAC-ELISA para a deteccdo de casos e como
triagem para complementar o isolamento viral (Lima et al., 2010).
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A imunohistoquimica, também utilizada para o diagnostico das infecgBes por
DENV, é realizada em cortes de tecidos fixados em formalina e emblocados em parafina,
permitindo a deteccao de antigenos virais. Os cortes sdo corados pela fosfatase alcalina ou
peroxidase marcados com anticorpos especificos. Essa técnica é bastante sensivel e
especifica, levando em conta que se trata de um exame confirmatdrio que deve ser utilizado

apos diagnostico histopatoldgico presuntivo (SVS/MS, 2010).
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2. JUSTIFICATIVA

Ha exatos 30 anos, o Brasil vem sofrendo o impacto de epidemias causadas pelos
DENV, desde a introducdo do DENV-1 em 1986. O aumento da frequéncia e da
intensidade das epidemias de dengue ocorridas nos ultimos anos deve-se & intensificagdo
do processo de urbanizacdo, a falta ou irregularidade do abastecimento de agua potavel e a
deficiéncia na coleta de lixo, fatores que acometem com mais frequéncia as comunidades
pobres. Neste sentido, o0 manejo dos determinantes socioambientais que resultam na
exposicdo aos DENV representa a medida mais efetiva de controle da doenca.

A identificacdo precoce de marcadores associados a gravidade e a letalidade por dengue
pode ser capaz de predizer o impacto que uma epidemia pode exercer sobre determinada
comunidade.

O avanco nas pesquisas de evolucdo viral através de estudos filogenéticos,
combinados a dados epidemioldgicos, possibilitou a identificacdo de genoétipos dentro de
cada sorotipo associados com uma maior ou menor gravidade da doenga (Rico-Hesse,
1990; 2007; Messer et al., 2002; 2003). Dentre os sorotipos de DENV, o0 DENV-2 tem sido
0 mais estudado devido a sua associacdo com grandes epidemias e com manifestacdes
clinicas mais graves (Rico-Hesse, 2003), estando, portanto, frequentemente associado a
casos de FHD/SCD (Balmaseda et al., 2006). Porém, ainda ndo estdo bem definidos quais
sdo os fatores virais e do hospedeiro que determinam porque certos individuos apresentam
FD e outros desenvolvem formas graves da doenca. Em regiGes onde o dengue €
hiperendémico, estudos tém demonstrado a circulagdo de linhagens virais com diferentes
caracteristicas fenotipicas, incluindo viruléncia e transmissibilidade distintas dentro dos
gendtipos circulantes. Atualmente, ndo hd um consenso na utilizacdo das diferentes
classificacdes descritas para os genétipos de DENV. Portanto, durante a apresentacao dos
resultados deste estudo, a classificacdo adotada para a genotipagem dos DENV brasileiros
foi de acordo com a descrita por Weaver & Vasilakis (2009).

O DENV-2 foi introduzido no estado do Rio de Janeiro em 1990 e, ap6s um curto
periodo, sua presenca ja era detectada em 24 dos 26 estados da federacdo (Nogueira et al.
1990). Neste periodo, foram registrados os primeiros casos de FHD/SCD e um aumento no
numero de hospitalizagdes (Nogueira et al. 1990, Zagne et al. 1994). Apds sete anos sem
atividade, este sorotipo reemergiu em 2007 e causou a epidemia mais grave de dengue no
pais até entdo, caracterizada por um maior numero de hospitalizacfes e dbitos em criancas
em 2008 (Teixeira et al., 2009; SVS, 2009; Macedo et al., et al 2013).
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A falta de modelos animais que reproduzam a forma grave da doenca levou ao
desenvolvimento de modelos in vitro utilizando linhagens humanas primarias, como
monocitos e células dendriticas diferenciadas (MoDC) e ainda linhagens endoteliais,
capazes de produzir citocinas e fatores sollveis quando infectadas pelo DENV. Embora
Vvarios estudos in vitro ja tenham sido realizados utilizando MoDC, a maioria destes utiliza
cepas asiaticas, com escassos estudos utilizando cepas brasileiras.

Diante do exposto, visamos neste estudo, analisar os aspectos filogenéticos,
epidemioldgicos, laboratoriais, clinicos e imunoldgicos de cepas de DENV-2 circulantes no
Brasil. A filogenia e caracterizacdo molecular dos virus circulantes podem predizer o
impacto de cepas virulentas na populacdo enquanto que a identificacdo de marcadores,
relacionados tanto ao hospedeiro quanto ao virus, podera contribuir na predicdo de risco
aumentado para o desenvolvimento de formas graves da doenca, contribuindo,

consequentemente, para as decisOes terapéuticas mais adequadas e precoces.
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3. OBJETIVO GERAL

Analisar e caracterizar aspectos virais, epidemioldgicos, laboratoriais, clinicos e

imunoldgicos de infec¢bes causadas por DENV-2 circulantes no Brasil.

3.1. Objetivos especificos:

3.1.1 Anadlise de aspectos virais através de estudos filogenéticos:

e Realizar a caracterizacdo molecular e a filogenia das cepas de DENV-2 circulantes
no Brasil durante o periodo de 20 anos (1990-2010);

3.1.2. Andlise dos aspectos epidemioldgicos, laboratoriais, clinicos e/ou
imunoldgicos de casos de dengue:

e Analisar os casos de DENV-2 associados a gravidade da doenca durante
epidemia ocorrida no Rio de Janeiro em 2008;

e Analisar as epidemias causadas pela co-circulacdo de DENV-1 e DENV-2 em
2010 e por DENV-4 em 2013, em Campo Grande, Mato Grosso do Sul.

e Correlacionar infeccdo por DENV-2 a hepatite fulminante durante epidemia
ocorrida em Campo Grande, Mato Grosso do Sul em 2010;

e Analisar casos de DENV-2 associados a gravidade da doenca e comparando aos
casos de DENV-4 em epidemias ocorridas em Campos dos Goytacazes, Rio de
Janeiro em 2010 e 2013.

3.1.3. Analise dos aspectos virais através de estudos de infeccdo in vitro de células

dendriticas:

e Padronizar a infecgcdo das duas linhagens de DENV-2 circulantes no Brasil em
MoDCs humanas e determinar as taxas de infec¢do viral, a expressao de
moléculas fenotipicas de DC, de citotoxidade, de ativacdo e producdo de

citocinas.
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4, RESULTADOS
Os resultados serdo apresentados sob a forma de artigos publicados, aceitos e

submetidos a publicacdo em revistas indexadas:

4.1. Analise dos aspectos virais atraves de estudos filogenéticos:

Artigo 1: Twenty years of DENV- 2 activity in Brazil: molecular characterization and
phylogeny of strains isolated from 1990 to 2010. (Publicado na PLoS Neglected Tropical
Disease. 7(3): e2095, 2013. doi: 10.1371/journal.pntd.0002095).

4.2. Andlise dos aspectos epidemioldgicos, laboratoriais, clinicos e/ou
imunoldgicos de casos de dengue:

Artigo 2: Dengue Severity Associated with Age and a New Lineage of Dengue Virus Type
2 during an Outbreak in Rio de Janeiro, Brazil. (Publicado na Journal of Medical
Virology).

Artigo 3: Dengue epidemics in two distinct periods reveal distinct epidemiological,
laboratorial and clinical aspects in a same scenario: analysis of the 2010 and 2013
epidemics in Mato Grosso do Sul, Brazil (Publicado na Transactions of the Royal Society
of Tropical Medicine and Hygiene).

Artigo 4: Fulminant hepatitis associated with Dengue Virus type 2- a case report

(Submetido a Journal of Medical Virology).

Artigo 5: Analysis of clinical and laboratorial alterations related to dengue cases severity: a
comparative study between serotypes 2 and 4 in Brazil. (Aceito pela American Journal of
Tropical Medicine and Hygiene).

4.3. Analise dos aspectos virais através de estudos de infec¢do in vitro de células

dendriticas:

Artigo 6: Analysis of the infection human dendritic cell “in vitro” by different lineages of

the DENV-2 genotype Southeast Asian circulation in Brazil. (Em fase de preparacao).
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Artigo 1: Vinte anos de atividade do DENV-2 no Brasil: caracterizacdo molecular e

filogenia de cepas isoladas entre 1990 e 2010.

e Objetivo especifico: Realizar a caracterizacdo molecular e filogenia de cepas de
DENV-2 circulantes no Brasil durante 20 anos (1990-2010);

Situacdo do manuscrito: Artigo publicado na revista PLoS Neglected Tropical Disease.

Classificagdo QUALIS : Area de Medicina Il — Al

Referéncia: Faria NRC, Nogueira RM, de Filippis AM, Simdes JB, Nogueira Fde B, da

Rocha Queiroz Lima M, dos Santos FB.

Resumo: No Brasil, a dengue tem sido um grande problema de saude publica desde a sua
introducdo na década de 1980. Estudos filogenéticos constituem uma ferramenta valiosa
para monitorar a introducdo e a propagacao de virus, bem como para prever as possiveis
consequéncias epidemioldgicas desses eventos. Com o objetivo de realizar a caracterizagdo
molecular e andlise filogenética do DENV-2 durante vinte anos de atividade viral no pais,
cepas virais isoladas de pacientes que apresentam diferentes manifestacdes da doenca (n =
34), representando seis estados do pais, de 1990 a 2010, foram sequenciadas. O
sequenciamento parcial do genoma (genes C / prM / M / E) foi realizado em 25 cepas de
DENV 2 (regido codificante) e o sequencimento do genoma completo foi realizado em 9
cepas. A andlise da similaridade entre os DENV-2 com cepas de referéncia identificou a
formacdo de dois grupos epidemiologicamente distintos: um formado por cepas isoladas
entre 0s anos de 1990 a 2003 e outro por cepas entre 2007 e 2010. Nao foram observadas
diferencas consistentes entre as seqliéncias do gene E das cepas dos diferentes casos
clinicos de dengue, sugerindo que a gravidade da doenca tem uma origem genética e que,
ndo se deve apenas as diferencas observadas no gene E viral. Os resultados obtidos pelo
sequenciamento completo do genoma do DENV-2 ndo apontou diferengas consistentes
relacionadas com uma doencga mais grave. A analise com base no sequenciamento parcial
e/ou total do genoma caracterizou as amostras de DENV-2 brasileiras como pertencente ao
genotipo do Sudeste Asiatico, no entanto, uma distin¢gdo de duas linhagens dentro deste
gendtipo foi identificada. Ficou caracterizado que as cepas do periodo pré-emergéncia

(1990-2003) pertencem ao genotipo do Sudeste Asiatico, Linhagem | e as cepas isoladas
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apoOs a re-emergéncia deste sorotipo em 2007, pertencem ao genétipo Sudeste Asiatico,
Linhagem I1. Além disso, todas as cepas analisadas neste estudo possuem uma asparagina
(N) em Esg, previamente caracterizada como um provavel determinante genético
desencadeador de FHD detectado em cepas de origem asidtica. O percentual de
similaridade destas cepas com a cepa isolada na Republica Dominicana em 2001
combinado ao percentual de divergéncia com as cepas introduzidas no pais na década de 90
sugere que estes virus nao sofreram uma evolucéo local, e sim uma introducéo no pais de

uma linhagem viral distinta provavelmente importada do Caribe.
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Abstract

I Bexil, dendgue has been a major public health problem snce its introduction in the 19804 Phylogenetic studies condtitute
& valuable tool to monitor the introduction and spread of vinmses as well a3 to predict the potentisl epidemiological
consequences of such events. Aiming to perfomn the molecular characterization and phylogenetic analysis of DENV-2
during twenty years of viral activity in the country, viral strasing isolsted from patients presenting diffesnt disemse
manifestations (n=34), repmsenting s ststes of the country, from 1990 to 2010, were sequenced Partial genome
sequending (genes C/pr/ME] wes performed in 25 DENV-2 strains and fulHength genome sequencing (coding region)
wias performed in 9 strains. The percentage of smilarity among the DENV-2 strains in this study and reference strains
available in Genbank identified two groups lly distinct: one repesented by straing isolsted from 1990 to
2048 and one from strains olsted from 2007 to 2010. No consistent diffemnoes wem obsened on the E gene from strains
isolsted from cases with diffeent clinical manifestations analyred, suggesting that if the disesse severity has & genstic
afigin, it is not only due to the differences observed on the Egene The results obtained by the DENV-2 full-length genome
sequending did not pan out consistent differences related to a more severe disease either. The analyss based on the
partial and/or complete genome sequencing has characterized the Brazilian DENV-2 sirains & belonging to the Souwthes st
Asian genotype however a distinction of two Lineages within this genotype has been identified it was established that
straing ciroulsting prior DEMNV-2 eme g ence (1990-2003) belong to Southeast Asian genotype, Lineage | and stmins isolated
after DENV-2 emergence in 2007 belong to Southeast Adian genotype, Lineage |L Furthermore, all DENV-2 strains anal yzed
presented an asparagine N] in Exo previowsly identified 25 a probable genstic marker of virulence observed in DHF strains
from Asian ofgin. The percentage of identity of the latter with the Dominican Republic strain solated in 2001 combined to
the percentage of divengence with the strains first introduced in the country in the 19905 suggess that those vinses did
it evolve locally but were due to 3 new viral Lineage introduction in the country from the Caribbean.
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} DENV) are e mest i . h proteins, aprid (), premembrane ([prM) and emrelope (B}, and

arboviruses worldwide, wansmitied by mosmitoes of the genus
Aegks, Aede agrypll B the main vector. Explosive epidemics have
hecome a public heakh problem, soonomic mpact, socially snd
politically significant [1,7].

Cumently it is estimawd that A to 500 milions dengue
infections aour annually in 124 endemic comntriss. Nearhy 36
hilion people (55% of world population) are at risk of contracting
the disease (TVT). The rapid giohal spread of DENY in the last 50
vears rembted in the dispersal of genofypes sssodawed with
increased wverity [3].

The four serotypes (DENW-1, DENV-2, DENV-3 and DENV-
Ham:hﬂyrﬂmmamu]]yd:ﬁn:tmdmnmna
positive-serse RNA genome that & tonslaed a5 2 single
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seven nonstuctmal potdns, NS1, NS2A, NEIE NS5, NSEA,
MNE4B and N85 The RNA genome is packaged in an icnsahedral
capwid, and the nuch peid & sur desd by 2 Hpid hilayer
containing the E and M proteins [45].

DENW infection camses & spectum of clinical disease anging
from an acte dehifitating, self-Fimited fehrike Tines - dengue fever
(IF] = to & 1ife-threaening syndrome - dengne hemorthagic fever!
dengue shock syndrome (IEIF/ES) [6]. Despite the similar
diseane maniestations, the DENV are genetically diverse with
approcamatdy 4% of aming acid sequence divergence. Distinct
DENV genotypes can be chamacterimed when the genetic
divergence ame higher tham to 6% [7].

A recent anabysis of LA27 com plete E gene ssquences supporied
the existence of six genotypes for DENV-2 Asian genotype I,
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Asian genotype 11, Southeast Asian/American genotype, Cosmo-
politan genotype, American genotype and the Sylvatic genotype,
the most genetically distinet genotype, Furthenmore, the Southeast
Asian/ Amercan genotype's topologies suggested a spatial division
of this genotype into two major subclades [8].

In the Americas, the first DHF epidemics in the 80°s were due to
the introduction of the Southeast Asian/ American genotype which
replaced the American genotype and more severe cases with
higher viremia were reported [9-11].

In Brazil, the disease has become a public health problem with
explosive epidemics after the introduction of DENV-1 in 1986 in
Rio de Janeiro [12]. However, the first DHF/DSS cases were only
reported after the DENV-2 introduction in 1990 in the country
[13,14]. From 1990 until the 26th epidemiological week of 2010, a
total of 5451921 cases, induding 17,203 cases of dengue
hemorthagic fever (DHF) and 1954 deaths were reported in the
country [15].

Aiming to perform the phylogeny of the DENV-2 and its impact
m the discase severity during 20 years of viral activity in Brazil,
strains isolated from DF, DHF/DSS and fatal cases ocoured since
its introduction in 1990 until 2010, were analyzed. In this scemario,
the partial sequencing (C/peM/M/E genes) of 25 DENV-2 strains
was performed. To determine whether the evolutionary relation-
ships observed for the C/peM/M/E genes were applicable to the
complete genome, we further fully sequenced the coding regions of
nine DENV-2 strains. In arder to avoid nutations introduced by o
atm passages of the virus in cell cultures we used DENV-2 strains
extracted directly from serum or originally isolated from cell
cultures,

Materials and Methods

Ethical statement

The strains analyzed m this study belong 10 a previously-
gathered collection from the Laboratory of Flavivirus, 10C/
FIOCRUZ, Rio de Janciro, Brazil, obtained from human serum
through the pasive survedllance system performed by the
Laboratory from an ongoing Project approved by resolution
number CSN196/96 from the Oswaldo Cnz Foundation Ethical
Committee in Research (CEP 274/05), Ministry of Health-Brazil,
Samples were chosen anonymously, based on the laboratorial
results and clinical manifestations input on the Laboratory
database.

PLOS Neglected Tropical Diseases | www.plosntds.org
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Viral strains

Viral strains consisted of DENV- 2 (x=3] isolated during
cpidemics occwrred from 1990 w0 2010 in six states in Brazil
{Table 1), Each sample was accompanied by sdentification form
contaming clinical and epidemiological data. All strains were
determined as DENV-2 serotype by reverse transcriptase poly-
merase chain reaction (RT-PCR) and or/virus isolation from DF
{w=19), DHF {n=13), DSS (n= 1) and fatal cases (0= 4; 1 from DF,
2 froen DHF and | with no dassification available). Seven cases
were not classified due to data msavadability.

RNA extraction

Viral RNA was extracted from infected cell culture supernatant
or directly from the patients’ serum using QIAamp Vil RNA
Mini kit (Qumgen) following the manufacturer’s instructions and
stared at =70 C for DENV typing and sequencing.

RT -PCR (Reverse transcriptase- polymerase chain
reaction)

RT—PCR for detecting and typing DENV was performed as
described previously [16]. Briefly, consensus primers were used to
anneal to any of the four DENV types and amplify a 511-bp
product in a reverse transciplase-polymerase reaction. A cDNA
copy of a portion of the viral genome was produced in a reverse
transcriptuse reaction. After a second round of amplification
mested PCR) with type-specific primers, DNA products of unique
size for DENV-2 (119 bp) were generated.

Dengue virus isolation

Virus isolation was performed by moculation imto C6/36 Aedes
albopschs cell line [17] and isolates were identified by indirect
fluorescent antibody test [IFAT) using serotype-specific monoclo-
nal antibodies [18]. Briefly, patients’ sera were inoculated into C6/
36 Aedes albopirter cell monalayers in 1-15 Medium (Leibovitz,
Sigma) supplemented with 2% fetal calfl serum (FOS. Invitrogen)
andd 0.2 mM of nonessential amino acids (Tnvitrogen), Cells were
incubated at 28 C for 5 1o 7 days and observed for cytopathic
effects. Infected supematant was clarified by centrifugation and
virus stocks stored in 1-ml aliquots at =70 C until use.

Sequencing

Reverse transcripion (RT) was perdormed using 5 pl. of
extracted KNA in 25 pL. of AccessQuick RT-PCR System
[Promega  Corporation) and  specific  oligonucleotides  primers
(Table 1). To amplify the C/prM/M/E region of 2,325 bp,
specific primers (1 to 4 were used to produce 4 overlapping
amplicons of approximately 900 bp and 10 amplify the complete
coding region (10,173 bp), 15 overlapping amplicons of approx-
imately 900 bp (1 to 15). Thermocycling conditions consisted of a
single step of 42 C for 60 minutes and 40 cycles of denaturation at
94°C (30 seconds), anmealing at 56 or 63°C (60 seconds) depend-
ing ou the set of primess, extension at 72 C (2 minutes; and a final
extension at 72°C (10 minutes). Amplification was conducted
using a Model 9700 thermal cycler (Applied Biosystems). PCK
products were parified from 1.0% agarose gels using QlAquick
Gel extraction Kit or QIAquxk PCR purification Kit (Qiagen)
and used as template for cycle sequencing. Sequencing reactions
were performed as recommended in the BigDye Dideoxy
Terminmator sequencing kit (Applied Biosystems| and the products
were analyzed using an automated 3130 DNA Sequencer (Applied
Biosystemns).  Partial sequences (C/prM/M/E) and  complete
coding sequences for the unprocessed polyprotein (3' and 3
noncoding regions excluded) were deposited in GenBank {Table 2.
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Table 1. Primers used for amplification of the partial and complete genes (coding region) from Brazilian DENV-2.
IW i -mh )
Designation  Sense A (3 -3') Anti-sense 8 (3'3) (according to AF489932)  [pb) Tm ('C) A/B
i CGT GGA CCG ACA AAG ACA GA GGA GCG ACG GCT GTC AGT AA 14-300 892 e2)51
2 GAT CAG TGG CAC TCG TTC CA CTC CGG GTAGCCATGGTAAC 7081380 878 a2/62
|z ATG GCA CTG TCA CGA TGG AG CAC TAT CAG CCTGCACCATAGET 1407-2403 938 6263
4 GGA TCC CTG GGA GGA GTG TT TCC ATT GCT CCA GAG GGT GT 2202-3106 304 6363
3 GAC TCA AAA CTC ATG TCA GOG G GTG CTT TGG GAA AGG AGT GC 29583800 8 a2/02
5 GGG CGT TAC CAT GAC GGA T GCC CAT GAT GGT TCA ATC CTT 365%-4709 1053 63,63
7 AAT TAC GGC AGC AGC ATG GT GGA GGA GTG GCT GTC ATG AAA  4473-3430 981 63/03
= CAG CCA TCA GAA CCG AGC A CCACCTTCTGICTGCGTAGIT G 3254-0183 931 e4/62
2 ACA CAC CTG AAG GAATCA TICCTA G TGA CAA ATG TTG TAG CCA CGG 0016-0948. m 02
10 AGC CAT CCT CAC AGT GGT GG TCT CAG TTT TGC TGA GCC TCG 6791-7737 98 64,03
n CTA TTT GGC CGG AGC TGG A TTT CAA TTC CAA TGT TGC GG 7308-8354 8% 6302
12 ATG GAG GAG CTT TAG TGA GGA ATC  CGT GCT CCA AGC CAC ATG TA 8170-8994 824 61603
1 'GAA ATC GGC TCG TGA 66C T TCA TCT TGG TTT CTG CAT GGG 88233740 o 63/03
14 GAC AGT CAC AGA AGA AAT CGC TGT  CTA TGG CTT GAT CCG ACC TGA 947310304 831 6262
13 CGG CTC ATT GAT TGG GCT AA TIC TGT GCC TGG AAT GAT GCT 10103-10062 553 e3j03
dot:10.1371 journal patd 00020951001
Sequences and phylogenetic analysis differences were observed on the E gene from strains solated from

The analysis of similaritics. percentage of dentity and
divergence among the strains amlyvzed were performed using
Megalin Program (DNAstar, www.dnastar.com). The multiple
alignment was performed using CLUSTAL W (htip://www.ebi.
acuk/clustalw/) and the phylogenctic analysis by MEGA 4
software (www.megasoftware.net), using the Maximum Likelihood
method (ML), according 10 the Tamura-Nei model, with a
hootstrap of 1,000 replications. Strains representative from the five
genotypes available in Genbank (www.ncbinlm.nih.gov, were
used for the comparison, DENV-1 (GenBank accessson number
GUIT0049), DENV-1 (accessson number EF629369), and DENV-
+ (accession number AF289029) grains were used as outgroup to
root the trees (Tahle 3).

Results

In this study, the strains BR6#022/95 isolated in the 90%s and
Jamaica 1983 were conssdered as reference strains for comparison
purposes. The percentage of similarty among the 25 DENV-2
strains ranged from 80,3 to 99.9% when those compared 10 each
other and to strains representative of the different genotvpes available
on GenBank. The partial genome sequencing analysis charcterized
the Brazilan DENV-2 strains from this study as belonging o the
Souatheast Asian genotype, however a distinction of two Lineages
within thas genotype has been sdentified. It was observed that strains
arculating prior DENV-2 emergence  [1990-2003) belong to
Southeast Asian genotype. Lineage | and strains isolaed after
DENV-2 emergence n 2007 belong to Southeast Asian genotype,
Lmeage I (Figures | and 2). Funthermore, the tter were more
closely related 10 strains from the Dommican Republs: (DR5%/01),
representative from the Southeast Asan genotype, Lincage 11

When the 25 DENV-2 strains were compared to the strain
BR64K022/98, amino acid substitutions leading to change in the
biochemical properties were observed on the C and peM genes,
On the E gene, a wotal of twelve substitutions were observed. with
nine resulting in a change on the amino acid change of
hiochemical property [Supplementary material 1), No consisent
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cases with different clinical manifestations analyzed, suggesting
that if the disease’s severity has a genetic origin, it is not only due
to the differences observed on the E gene.

To determine whether possible amino acids differences on
other genes were related to disease severity, we fully analyzed
[coding region) DENV-2 strains (v = 9}, representative of DF cases
isolated from 1990 o 1999 and strains ssolated from fatal cases
occurred after the DENV-2 re-emergence after 2007 until 2010
The strain 0450/2008, representative of the DENV-2 re-
emergence isolated from a DF secondary case who evolved w0
death was fully sequenced and its comparison to the strain from
the Dominican Republic (DR39/2001), representative of the
DENV-2 re-emergence, showed 22 amino acid substitutions,
Likewise, the strain 069072008 isolated from a DHF case
occurred also during the re-emergence of DENV-2 had nine
had amino acid substitutions when compared 1o the strain
DR59/2001, with seven of those leading 1o amino acid bio-
chemical property change (Table S1).

The DENV-2 strain 0337/2008 isolated from a newbomn
presenting a high anti-DENV IgG titer who evolved to death,
infected probably due transplacental transmission as his mother
was diagnosed with acute DENV mfection, showed substitutions
on NS2A, NSEA and NS5, which were shared with the other two
strains ssolated from fatal cases (Tahle S2)1. The results obtained by
the DENV-2 full-length genome sequencing did not point out
consastent differences related to a more severe discase.

A substitution on Egyy (N—1)) was reported as resulting in a
reduction in viral replication in macrophages and dendritic cells
[19] whereas Eqgy (D—N) resilted in enhanced replication,
maturation and activation of macrophages, enhancement of the
immune response with an increased production of oytokines,
increased vascular permeability and consequently a greater chance
af developing DHF [20]Afl DENV-2 strains analyzed presented an
asparagine (N} in Eqg, previously identified as a probable genetic
marker of virulence observed in DHF strains from Asian origin.

The percentage of identity of the re-emergent DENV-2 with the
Dominican Republic strain isolated m 2001 combined 10 the
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Table 2. DENV-2 used in this study for partial {n=25) and complete coding region {n=9) sequencing.
Year of State of Clinical imunne Sequence Acess number
|Strain #  isolation origin manifestation response Age Gender region GenBank
44298 1991 A DF s N Fem  CprMME HQO12308
42378 1954 CE NA ND NA Mae  CprMME HOO12309
122 1993 £ NA NO NA Fem  CprMME HQO12310
32477 1993 R Na ND A Fem CpeMME HQO12311
33703 1996 Rs* DF ND 0 Mie  CprMwE HQO12312
33803 1950 B4 NA s NA Fem  CprMME HOO12313
seus 1997 ™ DF ND NA Mde  CprMME HOOT2314
39382 1957 an DHF /Fatal ND NA Mde  CpeME HQO12313
62291 1958 R DF KD 1 Male  CprMME HQO12316
o4023 1999 £ DF ND R} Mde  CprMME HQO12317
o563 2000 LT} DF ND 39 Made  CprMME HOO12318
67953 2000 R DHF ND 7 Made  CprMME HOO12319
e5221 2001 L] DF ND s Mde  CprMME HO012320
72308 2001 E1) DF ND 62 Fem  CpIMNE HQO12321
75103 2002 R DF KD o1 Maic  OpMME HQO12322
70012 2002 =3 NA ND 4 Fem  CpIMME HQO12323
77393 2003 =3 NA ND 0 Male  CpMME HQO12524
26577 2007 R DHF ND 7 Male  CpMME HOO12323
22034 2007 u DFf ND 2 Mide  CprMNE HOO12320
0030 2008 R DF s 1 Mae  CprMME HQO12327
0832 2008 L] DHF s ] Fem  CprMME HOO12328
oee 2009 24 OF ND Imonth Mae  CpeMME HOO12325
o143 2009 3 DF ND 1 Male  CpramE HQO12330
023 2010 L DF ND 73 Male  CprMME HOO12331
0193 2000 £ Dss s 10 Fem  CprMME HOO12532
39143 1950 £l DF ND @ Fem  Complete CR HOO12338
41708 1990 LY DF ND 0 Mae  Complete CR HQO12333
42727 1991 £ DF P N Fem  Complete CR HOO12334
42022 1994 cE NA ND ] Fem  Complete CR HO012333
51310 1958 £l DF ND a7 Fem  Complete CR HQO12330
84503 1995 L] DF NO n fem  Complete CR HO012337
0337 2008 EY Fatal s Sdays  NA Complete CR NA
0430 2008 LT DF Fatal s 40 Mae  Complete CR NA
0630 2008 R DHF /Fatal s 32 Made  Complete CR HRO26763

BA: Bshla, CE- Ceard, RJ: M&mnmmdoﬂl.mmpamdedom Eiaplosanm DF: Dengue Fever; DHF: Dengue Hemomrhagic Fever DSS:

oalgushodsnmmrﬂ!ﬂe Male: C/peM/WVE: Capsid/pr

pe: Complete CR: Complete coding region;

case; NA: Not available; ND: Not done: P: primary inf LS
dot:10.1371 joumal patd 0002093 1002

percentage of divergence with the strains first introduced in the
country in the 90's suggests that those viruses did pot evolved
locally but were due to a new viral Lineage introduction in the
country from the Caribbean.

Discussion

In the Amencas, the first DENV-2 was isolated in 1953 in
Trinsdad [21] and the fire DHF cpidemic caused by this serotype
occurred in Cuba in 1981 after the introduction of DENV-2
genotype originated in Southeast Asia [10,22]. Epidemics studies
showed that the DENV-2 introduced i Brazil, Colombia,
Venczuela and Mexico had a common ancestor with isolates

PLOS Neglected Tropical D | www.plosntds.org

from Southeast Asia, suggesting the direct transmission from that
region to the Americas [23].

In Brazil, the firt DHF/DSS cases were reported after the
DENV-2 mtroduction in Rio de Janeiro [13.24.25], which spread
to other states n the country. Phylogenetic analysis of DENV-2
strains circulating at that time confinmed the genotype circulating
in Southeast Asia [26,27]. This observation was further corrob-
orated in an extensive analysis of viruses from the states of Rio de
Janciro (1990 and 1995), Ceara (1994, Bahia (1994 and [999),
Maranhdo (1996 and 1998, Mato Grosso (1997, Para (19598, Rio
Grande do Norte (1995, Paraiba (1999 Sergipe (1999, Espirito
Santo (1995 and 2000) and forty strains isofated in Permambuco
(1995-2002) [28.29].
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Table 3. Strains representative of the different DENV-2 genotypes and strains used as outgroup for comparison purposes.

Strain # Year of isolation Country Genotype GenBank Accession #
BRO022 1938 Branl Southeast Asla (Lineage 1) AF4£5932
BID-V3430 1930 Veneruela Southeast Asia (Linsage 0 GGacas4D
1409 1983 Jamatca Southeast Asla (Lineage 0 M20558
SID-V2083 1953 Nicaragus Southemst Asla (Lineage ¥ GQ199893
BIDV29% 2007 Nicaragua Southemt Asia (Lineage # GQIIIseE
BID-VI95 2006 Puerto Rko Southeast Asia (Lineage EU&E2720
BID-VI439 2003 Puerto Rko Southemt Asla (Lineage ELOET216
DR23,01 2001 I epubl stheast Asia (Lineage B AB122020
DRI3/01 2001 Dominican Republc Southeast Asla (Lineage % AB122022
BI0-V3653 2008 Beazl Southemst Asta (Lineage ) GU131283
China-04 1983 China Astan 1l AF115001
New Guirea C 1944 New Guinea Asian 1 AF038403
Stain 44 1989 Chine Asian 1 AFIN177
e 2004 Indonesa Asian | AYE58030
98300006 DSS DV-2 1998 Indonesa Aslen | AB183124
1797 1993 Peru. Amenican AF100467
strain 131 1992 Mexico American AF100409
isclate 1328 1977 Fuerto Rko American EU03SEa12
Dak Ar D735503 1991 Senegal Syhatic EF437904
DEW-1-SGEHID1) 143408 2008 singapore - GUIT049
BRDENZ 25002 2002 Braxd - EF029309
DENV-4-Guangzhou B3 2000 China - AF285029
|amo.u7wum-lpnoomsms

After seven years withowt activity i Brazil, DENV-2 re-

DENV-2 sirains isofated in Sao Paulo State in 2010 were in o

emerged in April of 2007 in the state of Kio de Janeiro causing the
more severe dengue epidemic in the country in 2008 [30,51].
Phylogenetic analysis of DENV-2 circulating in 90's and after its
re-emergence identified two distinet lineages within the Southeast
Asian genotype [32].

In the present stxdy, the analysis based on the sequencing of the
C/peM/M/E genes (2325 bp) from 25 DENV-2 Brazilian
wolates divided those strains in two distinet groups, one formed
by DENV-2 isolated froem 1991 1o 2003 and another with strains
solated from 2007 o 2010 @ollowing the re-emergence of this
serotype in the country. Corroborating previous phylogeny [26
29] strains solated from 19910 2003 were dassified as Southeast
Asian genotype, Lineage | and presentmg similarities with the
Brazilian strain BR64022/98 and the strain Jamasca/83. Howev-
er, the strains solated between 2007 and 2010, showed higher
similarity with the stramm DR39/01, from the Dominican
Republic, representing the Southeast Asian genotype, Lineage
11, corroborating the analysis by OBiveira of af [32]. A study hy
Aquino o af [33] demonstrated that DENV-2 strams from
FParaguay could also be grouped into two distinct lineages within
the Southeast Asian genotype and suggested the mtroduction of a
new lineage possibly associated a serotype shift from DENV-3 o
DENV-2, as observed in Brazil i 2007 and 2008 [31].

The absence of DENV-2 crculation in the years prioe 1o its re-
emergence and the high similarity observed between those viruses
and the strain bolated in the Dominican Republic in 2001,
suggests the introduction of a new lincage of DENV-2 causing the
2008 epidemic in Brazil. Romano # of [34] also demonstrated that

PLOS Neglected Tropical Diseases | www.plosntds.org

phyletic group with the strains circulating in Rio de Janeiro
in 2007 and 2008 and that those were closely related to strains
isolated in Cuba and Dominican Republic, with a small genetic
distance, suggesting that this new lineage of DENV-2 re-emerged
in of Brazil may have been imported the Canbbean. Although
genetic variants of DENV have been implicated in disease severity
in the past [35.36], it was with the advance of evolutionary studies
hased on phylogenetic analysis combined to epidemiological data
that genotypes within the distinct serotypes were associated with a
greater or lesser disease severity [11,37 -40).

The stram solated from a DHF case in 2000 (strain R]/67922/
20000) presented an exclusive substitution on prMy 4 (T—1) when
compared to the other strains analyzed in this study. However,
substitutions related to DHF/DSS cases were identified on prM g,
and prMy, [41].

Substitutions were found on the residues E;yw (V—I) and Ey
L=}, and these are related to the division of the Southeast Asian
genotype in two distinet clades, corroborating the observations
that amino acids on Ejyy and Ejq are in critical markers for
genetic casification of DENV [33.42].

Al 34 strains analyzed in this study presented an asparagine
(N] on Egg, previously characterized as a probable trigger for
DHF detected in strains of Asian origin [43]. Mutations on the
faviviruses domain 11 of E protein can induce virulence or
attenuation of the virus to escape from the immune system
[+4.45] and in this study, changes were observed throughout
this domain (aa 297 to 394). The DHF case, which culminated
in death (5938271997, showed amino acid differences only in
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Figure 1. Maximum likelihood phylogeny based on the C/prM/M/E genes of 23 Brazilian DENV-2, 1991-2010. 8lack circles represent
DENV-2 sequences generated In this study. Strains representative from the four genotypes avallable In Genbank (www.neblndmonih.gov) were used

for the compartson, DENV-1, DENV-3 and DENV-4 strains were used as outgroup to root the trees. The

of replicate trees in which the

assoclated taxa clustered together in the bootstrap test (1000 replicates) Is shown next to the branches. DENV strains used were named as follows:
Country/strain numbes/state/year. A2 Rio de Janeko, ES: Espirito Santo, CE: Ceara, 8A- Bahla, RS: Rio Grande do Sul RN: Rio Grande do Norte.

dol:10.1371/journal pntd 0002093.9001

the E gene, but those differences were shared with other DF
cases strains, when they were compared to the strain BR64022/
a8,

In this study, a substitution on pr\M gy, was observed on the strain
069072008 isolated from a DHF case with a fatal outcome, on the
strain 55769/ 199 from a DF case and on the strain 0199/2010..
Catteau of ol [46] demonstrated that the intracellular production of
M ectocddosnain of all four DENV serotypes of DENV induce
apoptosis in host cells. The carboxy terminus of prM protein with

PLOS Neglected Tropical Diseases | www.plosntds.org

nine amino ackds (aa 32-40) of some flavivinses was designated as
Apopto M [46] and appears 10 play an important role in inducing
apopeasis and cytopathic effects [46-45).

Several changes were observed along the NS protein genes.
Studies conducted by Yahar, [49] show that mutations in NS1 are
related to the development of DHF/DSS cases when they were
compared to patients with DF.

Despite the functional importance of jons in NS genes
remains unknown, future studies can dluckiate their role in the

March 2013 | Volume 7 | Issue 3 | €2095
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Figure 2. Maximum likelihood based on the coding region of 9 Brazilian DENV-2, 1990-2008. Elack
circles represent DENV-2 sequences generated In this study. Strains representative from the four genotypes avatlable In Genbank (www.ncbinim.nh.
gov} were used for the comparison, DENV-1, DENV-3 and DENV-4 strains were used as outgroup to root the trees. The percentage of replicate trees in
which the associsted taxa clustered together In the bootstrap test (1000 replicates) Is shown next to the branches. DENV strains used were named as
follows: Country/strain number/state/year. R): Rio de Janelro and CE: Ceara,

dol:10.1371/Journslpntd 0002093.g002

emergence of strains and/or pathogenesis of the disease. It was not
possible to correlate the role of Lineage Il emergence with an
mcreased severity of cases observed in the period between the
vears 2007-2010. Furthermore, the occurrence of secondary
mfection may have been the risk factor for the development of
MONe evere cases.

In conclusion, this result shows a temporal circulation of
genetically  different viruses in Brazidl probably due to the
mtroduction of a new viral lineage from the Caribbean which
lead to the re-emergence of this serotype after 2007, In 2007
2008, DENV-2 was responsible for most severe epidemic already
described in the country, with 787,726 cass reported and 491
deaths [31]. Moreover, the Caribbean has been suggested as an
mmportant region for the circulation of DENV-2, importation and
exportation of strains from and to Central America and South
America [42,50,51].

In the past 20 years, DENV-2 activity in Brazil has contribated
significantly to changes in the disease morbidity and sudden age
shift [30]. In dengue endemic countries, displacement of DENV
serotypes, genotypes and lincages have been reported previously
and have been associated with changes in the disease severity
[40.52-35]. This emphasizes the need of straightening virological

PLOS Neglected Tropical Diseases | www.plosntds.org

surveillance to monitor the emergence or re-emergence of DENV
strains with pathogenic potential to cause epidemics

Supporting Information

Table 81 Molecular characterization of DENV-2 strains
isolated in Brazil based on the partial genes analysis.
DOCX!

Table §2 Molecular characterization of DENV-2 isolat-

ed in Brazil based on the complete coding region
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Artigo 2: Dengue grave associada a idade e a nova linhagem do DENV-2 no Rio de

Janeiro Brasil.

Objetivo especifico: Analisar os aspectos epidemioldgicos, laboratoriais e clinicos de
casos de DENV-2 associados a gravidade da doenca durante epidemia ocorrida no Rio de

Janeiro em 2008;

Situacdo do manuscrito: Artigo publicado na Journal of Medical Virology

Classificacdo QUALIS: Aréa de Medicina Il — B1

Referéncia: Nunes, PCG, Sampaio SA, Faria NRC, Lima de Mendonca M, Lima MRQ,
Araujo ESM, dos Santos FB, Simdes JB, Gongalves BG, Nogueira RMR, Filippis AMB.

Resumo: Virus dengue tipo 2 (DENV-2) causou trés epidemias, nos anos de 1990, 1998 e
2008, no Rio de Janeiro, Brasil. A epidmeia de 2008 foi a mais grave em nimero de casos
relatados, hospitalizagdes e mortes. Para investigar fatores virolégicos e epidemiol6gicos
que podem ter contribuido para o perfil patogénico da epidemia de 2008, foram obtidos 102
soros durante as trés epidemias e em periodos interepidémicos estes foram analisados por
gqRT-PCR para estimar os niveis de viremia e sua correlagdo com as caracteristicas clinicas,
imunoldgicas, e demograficas de cada paciente . Os DENV-2 isolados durante as epidemias
foram sequenciados. Duas linhagens (I e 1I) de DENV-2 do gen6tipo americano/asiatico
foram confirmados, um exclusivo para 1990-2002 e outro para os anos de 2007-2011,
respectivamente. O nivel de viremia significativo nas amostras 2008 era duas ordens de
grandeza maior do que a das amostras 1990-2002. Os casos de dengue grave aumentaram
de 31% em 1990-2002 para 69% em 2007-2011; em pacientes com idade <15 anos, de 3%
em 1990-2002 para 37% em 2007-2011. A Linhagem Il do DENV-2 e idade mais jovem
contribuiram significativamente para o perfil patogénico da epidemia de 2008 no Rio de

Janeiro.
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Dengue Severity Associated With Age and a New
Lineage of Dengue Virus-Type 2 During an
Outbreak in Rio De Janeiro, Brazil

Priscila Conrado Guerra Nunes, Simone Alves Faria Sampaio, Nieli Rodrigues da Costa,
Marcos Cesar Lima de Mendonca, Monique da Rocha Queiroz Lima, Saraiva Eliane M Araujo,

Flavia Barreto dos

Santos, Jaqueline Basto Santos Simoes, Bianca de Santis Gongalves,

Rita Maria Ribeiro Nogueira, and Ana Maria Bispo de Filippis*
Flavivirus Laboratory, Oswaldo Cruz Foundation | Oswaldo Cruz Institute, Rio de Janeiro, Brazil

Dengue virus-type 2 (DENV-2) caused three
outbreaks, in the years 1990, 1998, and 2008,
in Rio de Janeiro, Brazil. The 2008 outbreak
was the most severe in reported cases,
hospitalizations, and deaths. To investigate
virological and epidemiological factors that
may have contributed to the pathogenic
profile of 2008 epidemic, 102 patients
sera obtained during the epidemic and inter-
epidemic periods of three outbreaks were
analysed by qRT-PCR to estimate viremia
levels and their correlation with the clinical,
immunological, and demographic patient
characteristics. DENV-2 isolates from the out-
breaks were sequenced. Two DENV-2 line-
ages (I and Il) of the American/Asian
genotype were confirmed, each exclusive for
1990-2002 and 2007-2011, respectively. The
mean viremia level in the 2008 samples was
two orders of magnitude higher than that of
the 1990-2002 samples. Severe dengue cases
increased from 31% in 1990-2002 to 69% in
2007-2011; in patients aged <15 years, from
3% in 1990-2002 to 37% in 2007-2011. The
DENV-2 lineage Il and younger age signifi-
cantly contributed to the pathogenic profile
of 2008 epidemic in Rio de Janeiro. J. Med.
Virol. 1. 2016 Wiley Periodicals, Inc.

KEY WORDS: viremia; qRT-PCR; genotype;
dengue outbreaks

INTRODUCTION

Dengue virus (DENV) infections have unpredict-
shble clinical outcomes ranging from asymptomatic or
a mild febrile illness to severe and fatal disease.
Globally it estimated that 3.6 billion people live in
dengue risk areas [WHO, 2009; Bhatt et al., 2013].

2016 WILEY PERIODICALS, INC.

Since the introduction of DENV in Brazil in 1981,
about 12 million cases have been reported. In the last 3
decades, Brazil has accounted for 70% of all dengue
cases in the Americas, with the case fatality rate
varying from 1.45% (1995) to 11.25% (2007) [Teixeira
et al, 2009; San Martin et al, 2010; SVS, 2012]. In
particular, the state of Rio de Janeiro (southeast region
of Brazl) has been marked with extensive dengue
epidemics due to the introduction or re-emergence of
different dengue serotypes during the last 28 years.
After the introduction of DENV-2 in 1990, two addi-
tional DENV-2 outbreaks occurred in Rio de Janeiro n
1998 and 2008. The 2008 epidemic was considered to be
of a greater magnitude with 806,036 cases reported
across the country. During this epidemic, approximately
322,000 dengue cases were reported in Rio de Janeiro
with 252 fatal cases [Nogueira et al., 2007; SVS, 2008;
Gibson et al., 2013; Macedo et al, 2013]. Coincidently, a
change in the epidemiological disease profile was ob-
served during the 2008 epidemic with an increase in
severity and the number of affected children <15 years
of age [Teixeira et al, 2009].

According to the phylogenetic analysis of the
DENV-2 strains isolated during the epidemics of
1990, 1998, and 2008 in Rio de Janeiro, the virus
isolated in the 2008 epidemic was genetically differ-
ent from the other epidemics despite belonging to the
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same genotype (American/Asian). Therefore, the 1990
and 1998 viruses were classified as lineage I and
those of 2008 were considered as lineage Il [Oliveira
et al, 2010; Farna et al, 2013]. Mechanisms that
determine the variations in the clinical manifesta-
tions of dengue infections are not clearly understood,
but are frequently associated with types of infection,
viral serotype, genotype, lineages, and host genetic
factors [Simmons et al., 2007]. The two most accepted
hypotheses for the pathogenesis of dengue
hemorrhagic fever (DHF) are based on antibody-
dependent-enhancement or virulence of the viral
strain [Halstead et al., 1970; Rosen, 1986; Rico-Hesze
et al, 1997; Silva et al, 2010]. According to
the second hypothesis, disease severity depends on
the degree of wvirulence of the DENV variants
Therefore, strains that replicate more efficiently and
reach higher serum titres have a greater epidemic
potential and higher incidence of DHF and dengue
shock syndrome [Rico-Hesse et al, 1997; Vaughn
et al., 2000; Rico-Hesse, 2003; Silva et al., 2010].

The circulation of different DENV-2 lineages in
Brazil has been described in phylogenetic studies
[Oliveira et al., 2010; Drumond et al., 2013; Faria
et al, 2013; Romano et al., 2010]; howwer, the
impact of these lineages in the Brazlian population
has not been previously evaluated. In the present
study, we analyzed the epidemiological profile of
DENV-2 strains (lineages I and II) circulating in Rio
de Janeiro through the correlation of viremia levels,
disease severity and patients characteristics, in order
to determine the factors that may have contributed to
the pathogenic profile of the 2008 epidemic.

MATERIALS AND METHODS
Specimens

We obtained 102 serum from patients in Rio de
Janeiro representative of periods of lineages circula-
tion (American/Asian genotype), 1990-2002 (lineage I)
and 2007-2011 (lineage II), respectively, which encom-
pass the three DENV-2 epidemics (1990, 1998, 2008).
Acute serum (days 1-4) were selected from patients
previously confirmed as DENV-2 [Lanciotti et al,
1992] and clinically classified as dengue or severe
dengue [WHO, 2009]. The major symptoms used for
clinical classification of dengue cases were patients
presenting fever with two or more of the following
symptoms: headache, pain behind the eyes, muscle
and joint pains, nausea, vomiting or rash. The severe
dengue cases presented symptoms of respiratory insuf-
fictency, severe bleeding, organ failure or death. Cases
were further classified according to the immune status
of the patient (ie, pri or secondary dengue
infection) [Miagostovich et al., 1999]

Quantification of Viral RNA

Viral RNA was extracted from 140pul of human
serum specimens with the QIlAamp Viral RNA Mimi

J. Med. Virol. DOI 10.10025my

Nunes et al.

Kit (QIAGEN, Valencia, CA) in accordance with the
manufacturer’s suggested protocol. Viremia levels
were measured by serotype-spenﬁc qRT-PCR assay
using a previously reported pmtocol [de Oliveira
Poersch et al, 2005]. The number of copies of viral
RNA detected was calculated by generating a stan-
dard curve using five points by 10 times dilution of
RNA extracted from a DENV-2 prototype, strain
40247, with a title of 8,7 « 107 PFU/ml, which was
determined by a plaque assay [Azevedo et al., 2011].

Sequencing and Phylogenetic Analysis

Partial genome sequencing of the envelope (E) gene
of DENV-2 isolates from 1990 to 2002 (n=19) and
2007 to 2011 {n =25) were performed on PCR ampli-
fied products as previously described [Faria et al,
2013]. A multiple alignment of the sequences was
performed using CLUSTAL W (http://www.ebiac.
uk/clustalw/); phylogenetic analysis was conducted
using the MEGA 5 software (www.megasoftware.net)
and the neighbor—joining method according to the
[Tamura et al., 20111

Statistical Analyses
SPSS software for Windows 21.0 (SPSS Inc,
Chicago, IL) was used for all parametric tests (¢-test
andor Fisher's test). Differences were considered
significant for P-values <0.05.

Ethical Approval

Study approved by the Oswaldo Cruz Foundation
Ethical Committee in Research (Resolution number:
CSN196/96) and the Ministry of Health, Brazil.

RESULTS

Patient Serum Samples and Inter-Relationships
Between Variables

A total of 102 serum samples were analyzed from
patients affected with DENV-2 lineages I and II
during 1990-2002 (n=52; 51%) and 2007-2011
{n=>50; 49%), respectively. From 1990 to 2002, 77%
(40/52) of samples were from 1990 (n =20) and 1998
(n=20) epidemics, respectively and approximately
804 (40/50) from the period 2007 to 2011 were from
the 2008 epidemic; therefore, shout two random
samples were selected from each year for genetic
characterization to represent the other years in
both periods. Cases from the interim period (Le.,
2003-2006) and after 2011 were not included in this
study because there was no DENV-2 activity in Rio
de Janeiro during these periods.

The demographic characteristics of the patients
meluded a male:female ratio of 1:1.04 (50 males and
52 females) and an age range of 1-88 years. Approxi-
mately 21% (18/85) of patients were aged <15 years
and 79% (67/85) of patients were aged >16 years; age
data were missing for 17% (17/102) of patients.
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Regarding types of infection, primary and secondary
infections were observed in 29% (30/102) and 714
(72/102) of patients, respectively. According to the
clinical classification, 70% (67/102) and 34% (35/102)
of patients were dengue and severe dengue, respec-
tively. According to the correlation of types of infec-
tion versus clinical classification by age group, 72%
(13/18) of the patients aged <15 years had secondary
infection, which was classified as severe dengue 54%
(7/13) or dengue 46% (6/13). Primary infection ac-
counted for 28% (5/18) of patients aged <15 years
and 80% (4/5) of those cases involved severe dengue.
In the subgroup of patient aged >16 years, 27%
(18/67) and 73% (49/67) of cases were primary and
secondary infections, respectively. Out of the second-
ary infection cases, 33% (16/49) and 67% (33/49) of
cases progressed to severe dengue and dengue,
respectively. In contrast to the subgroup of patients
aged <15 years, a smaller fraction of the population
in the older subgroup had primary rather than
secondary infection and 22% (4/18) of those pro-
gressed to severe dengue.

Correlation Between DENV-2 Infection Periods
and Patient Variables

The correlations between the infection periods and
patient characteristics (i.e., age, gender, disease sever-
ity, and types of infection) were analyzed. During
1990-2002, due to the epidemiological pattern of
dengue in Brazil, the great majonty of the cases
involved patients aged >16 years (97%). In this
period although we have received samples from 10 pa-
tients <15, only one fulfilled the inclusion criteria
to have DENV-2 confirmed, IgM confirmed the

remaining cases as dengue. Whereas, during
2007-2011, the number of patients age <15 years
increased to 37%, furthermore, the number of severe
dengue cases increased from 21% in 1990-2002 to 56%
in 2007-2011. However, gender and types of infection
were not significantly correlated with disease severity
in the two periods.

The correlations between clinical classification (1e.,
dengue and severe dengue) and key variables (1e.,
age, gender, types of infection, and wviral lineage)
(Table I) were analyzed using Fisher’s test. No
correlations were observed between the clinical clas-
sification and types of infection (P =0.650) or gender
(P=0.060), but more men than women presented
with severe dengue (63% wvs 37%, respectively).
However, age and lineage appeared to be correlated
with the clinical classification. The relative frequency
of severe dengue cases was significantly higher in
patients aged <15 years than older patients
(P=0.025). There were significantly more cases of
severe dengue than dengue cases with lineage II
than lineage I (P =0.006). Thus, after the emergence
of lineage II, 69% of the cases were classified as
severe dengue, when compared to the lineage I only
31% of the cases were serious. Furthermore,

TABLE 1. Comparisons of Different Categorical Variables
in Relation to Dengue Disease Severity

Categorical Severe dengue Dengue
variables %) %) P-value
Age
<15 years 11/31 (35) 754 (13) 0025
>186 years 20v31 (65) 47/54 (87)
r
Female 1335 (37) 3967 (58) 0.060
Male 22/35 (63) 28/67 42)
Lincage
1 11/35 (31) 4167 61)  0.008
11 24/35 (69 26/67 (39)
Types of infection
Primary 09%/35 (26) 2167 (31)  0.650
Secondary 26/35 (7T4) 4667 169)

coincidently or not the younger population were more
affected during lineage II circulation.

Correlation Between RNA Viremia Level of
DENV-2 Lineages I and II and Patient
Characteristics

The analysis of the viremia level for studied
subgroups 1= shown in Table II. In general, the
viremia level was two orders of magnitude higher in
sera from 2007 to 2011 (lineage II) than from 1990 to
2002 (lineage I). Notably, the mean serum titres of
DENV-2 in patients, clinically classified as severe
dengue cases from either period, were higher than
those classified as dengue cases, but only severe cases
of lineage II were statistically significant (P =0.006).
Age and lineage II were statistically significant
(P=0.009). There were no significant differences
between the age subgroups when analyzed cumula-
tively for both periods (ie., 1990-2011; P = 0.680). No

t relationship was observed between the
viremia level and gender (lineage I; P= 0308 and

TABLE 11. Correlation of Viremia Level in Dengue Virus-
Type 2 Lineages With Clinical Classification, Types of
Infection, Gender, and Age

19902002 2007-2011
(Lineage I) (Lineage I
Categorical Viral load Viral load
variables (RNA/mL) P-Value (ENA'mL) P-Value
Age 2 x
<15years 1,74%10° 0072 968x10° 0.009
>16 years 1,62 « 10 1,17 = I
Gender
Female 713x10' 0308 104x10° 0.765
Male 144«1 1,23 x 10
Clinical classification v
Severe 527«10° 0893 142410 0.008
dengue
Dengue 4,44 < 10" 521 « 10°
Types of infection
Primary 161 10" 0060 936x10° 0218
Secondary 6,78 x 1 927 x 1

. Med. Virol. DOI 10.1002jmv
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Iineage II; P=0.765) and types of infection (lineage I;
P=0.060 and lineage II; P=0.218) using sera from
both periods.

Phylogenetic Analysis

In order to confirm no co-circulation of the two
lineages during the periods studied, 44 DENV-2
1=olates from period encompassing the three DENV-2
epidemics (early, mid, and late) were randomly
selected for sequencing the E gene. According to the
sequencing results, there was no concomitant circula-
tion of the two lineages. Lineage I alone was identi-
fied in the 1990-2002 samples, whereas samples from
2007 to 2011 had lineage II exclusively (Fig 1.
Samples from 2003 to 2006 and after 2011 were not
mcluded because there was no DENV-2 activity in
Rio de Janeiro during these periods.

DISCUSSION

After 7 years without detectable activity, DENV-2
re-emerged in April 2007 in Rio de Janeiro causing
one of the most severe dengue epidemics already
reported in the State in 2008 [SVS, 2008; Macedo
et al., 2013]. According to the phylogenetic analysis
of the DENV-2 strains from the entire study period
(re., 1990-2011), which encompass the introduction
and the two re-emergences, the DENV-2 isolates in
Rio de Janeiro from 2007 onwards were genetically
distinct from those found earlier despite belonging to
the same genotype (American/Asian); these viruses
were grouped as lineage II.

Several investigators have sought to identify
clinical-epidemiological and laboratory predictor pat-
terns for dengue severity by examining correlations
with viremia levels [Vaughn et al., 2000; Thomas
et al, 2008]. An increase in dengue severity has been
associated with DENV-2 and DENV-3 serotypes
[Rico-Hesse, 2003]. In this study, results suggest that
lineage was an important factor for disease severity
because higher viremia levels and severe dengue
were more frequent observed in patients infected by
DENV-2 lineage Il than by lineage I, both belong to
American/Asian genotype.

The observed dizappearance of lmeage 1 viruses
and temporal replacement by lineage II viruses after
2007, which was associated with a higher RNA
viremia level and a greater disease severity during
the 2008 epidemic, supports the hypotheses that
viruses replicating more efficiently can out-compete
and displace those that have lower epidemiological

impact [Rico-Hesse et al., 1997; Rico-Hesse, 2003; Vu
et al., 2010; OhAinle et al., 2011].

The association of viremia levels with the im-
mune status and their relationship with disease
progression remain contradictory. A secondary in-
fection with DENV-2, which was characterized by a
greater disease severity and high viremia level, was
reported In patients who were previously infected
with DENV-1 or DENV-3 [Alvarez et al., 2006]. The

. Med. Virol. DOI 10.10023mv

Nunes et al

sequence of introduction and re-emergences of
dengue viruses in Rio de Janeiro was as follows:
DENV-1 in 1986, DENV-2 in 1990, DENV-3 in
2001, DENV-2 in 2007, DENV-1 in 2010, and
DENV-4 in 2011. Severe cases and deaths began to
be reported during the first epidemic of DENV-2 in
1990, this number increased during DENV-3 epi-
demic in 2002; however, during DENV-2 epidemic
in 2008 there was an increase of twofold higher in
the case fatality rate for dengue in the state,
coincidently during the circulation of lineage IL
According to our results, independent of the period
of lineage circulation, secondary infection was not
correlated with disease severity. There were no
significant association between higher viremia lev-
els and disease due to immune status in patients
previously infected with DENV-1 and/or DENV-3,
which circulated widely in Rio de Janeiro in 1986-
1997 and 2001-2006, respectively, before the intro-
duction and re-emergence of DENV-2 in 1990 and
2008 [Nogueira et al., 2007; Teixeira et al., 2009;
SVS, 2012; Macedo et al., 2013].

In contrast with what is observed in other endemic
regions of the world, in Brazil since its introduction,
dengue was predominant among individuals >135
years; from 2007 to 2009, there was an age shift in
which the disease affected mainly children aged <15
years. During 2008 epidemic, the state of Rio de
Janeiro was responsible for 37% of reported dengue
cases in Brazil [Ramos and Machado, 2014], from
these, 50% of dengue cases and 86% of deaths
occurred in individuals <15 years [Teixeira et al.,
2009]. Furthermore, there was also a sevenfold
increase in the number of hospitalizations of children
under 1 year of age, shifting from B% of the total
number of cases per 100,000 inhabitants in 2002
during DENV-3 ic to 57% in 2008. This
epidemiological profile changed in 2010 during the
huge DENV-1 epidemic (more than one million cases)
with a shift of the disease to age group >60 years.
During DENV-1 epidemic the state of Rio de Janeiro,
epicentre of 2002 (DENV-3) and 2008 (DENV-2)
epidemics responded for only 2.9% of the dengue
cases in the country.

In our casuistic besides the significant association
with disease severity, higher RNA viremia levels was
observed in <15 years group during lineage II
circulation suggesting that age was an important
factor for the peak of viremia. The association of an
emergent lineage of DENV-2 with higher viremia
was in paediatrics inpatients from Viet
Nam [Vu et al., 2010].

Physwlogwal. immunological, and behavioral condi-
tions can contribute to a substantially higher rate of
mortality. Furthermore, gender is one of the risk
factors that have been associated with severe dengue
and dengue deaths. In Brazl, the distnbution of
dengue cases by sex is proportional but with a slight
increase for women, in a study conducted from 2002 to
2010, women represented 55% of dengue cases in the
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Linsage 11

A7 —

Fig. 1. Phylogenetic relation of DENV-2 isolates spanning the three DENV.2 epidemics and
the two lincages 1990-2002 (Lineage I) and 2007-2011 (Lineage 1I). The sequenced strains
representing the periods of our study are marked with black dots.
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country [Siqueira et al, 2010]. In our study, the
population was homogeneous for gender (52% women
and 50% men), but 37% of women and 63% of men
were classified as having severe dengue. Although the
rate of severe dengue in men has been higher than
that in women, disease severity was not significantly
associated with gender in this study, which corrobo-
rates with previous observations [Wang et al., 2003].

There were no observed associations between dis-
ease severity and immune status, age, or gender
during the lineage I period and the occurrence of
higher viremia levels during the lineage II period
reinforces the hypothesis that strains with higher
virulence are an important factor for disease severity
[Simmons et al., 2007; Romano et al., 2010], as
observed during the 2008 epidemic.

In Brazil, the circulation and evolution of DENV-2
Iineages were previously reported [Halstead et al.,
1970; Drumond et al., 2013]; however, this was the
first report in which the epidemiolog'cal mmpact of
these lineages are described in the Brazilian popula-
tion. According to our data, the ahility of a lineage II
to replicate at higher titres and the high susceptibil-
ity to DENV-2 in the individuals <15 years may have
been key factors for the disease dynamics in the 2008
epidemic.

The hyperendemicity of dengue with co-circulation of
multiple DENV serotypes, emergence or re-emergence
of new serotypes, virulent genotypes or lineages,
constant replenishment of susceptible individuals due
to birth cohort, and high density of Aedes aegypti are a
constellation of factors contnbuting to the serious
dengue scenario observed in the last 10 years in Brazil.
Until a vaccine is available, the only strategy to
prevent the worsening situation is to improve measures
of vector control and medical assistance to the
population.
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Artigo 3: Epidemias de dengue em dois periodos distintos revelam aspectos
epidemiologicos, laboratoriais e clinicos em um mesmo cenario: analise das epidemias
ocorridas em Mato Grosso do Sul e, 2010 e 2013.

Objetivo especifico: Analisar os aspectos epidemioldgicos, clinicos e laboratoriais de
epidemias causadas pela co-circulacdo de DENV-1 e DENV-2 em 2010 e por DENV-4 em
2013, em Campo Grande, Mato Grosso do Sul.

Situagdo do manuscrito: Artigo publicado na Transactions of the Royal Society of

Tropical Medicine and Hygiene

Classificagdo QUALIS: Area de Medicina Il — B1

Referéncia: Nieli Rodrigues da Costa Faria, Victor Edgar Fiestas Solorzano, Rita Maria

Ribeiro Nogueira, Thais Chouin-Carneiro, Priscila Conrado Guerra Nunes, Jaqueline
Bastos Santos Simdes, Fernanda de Bruycker Nogueira, Monique da Rocha Queiroz Lima,
Luzia Maria de Oliveira Pinto, Claire Fernandes Kubelka, Rivaldo Venancio da Cunha,

Elzinandes Leal de Azeredo, Flavia Barreto dos Santos.

Resumo: Este artigo faz referéncia aos casos de dengue estudados durante duas epidemias
de dengue ocorridas no estado do Mato Grosso do Sul, no anos de 2010 e 2013, a dengue
foi confirmada em 78.7% (48/61) e 75.6% (118/156) dos casos estudados em 2010 e 2013,
respectivamente. O DENV-1 e DENV-2 foram os sorotipos detectados na epidemia de
2010 e 2013 e 0 DENV-4 foi detectado somente na epidemia de 2013. A maioria dos
casos foram classificados como dengue sem sinais de alarme, no entanto a dengue grave foi
observada em 18,7% (9/48) dos casos em 2010 e com menor frequencia nos casos de
DENV-4 em 2013. Os niveis de NS1 foram maiores nos pacientes dengue com sinais de
alarme e dengue grave pertencentes a epidemia de 2010. O niveis circulantes de Aspartato
aminotransferase (AST) e alanina transferase (ALT) foram alterados em todos os grupos,
independentemente do sorotipo infectante ou epidemia. Pacientes com DENV-1 e DENV-2
apresentaram significativamente menores contagens de mondcitos quando comparados a
pacientes com DENV-4. Uma correlagcdo inversa foi encontrada entre a contagem de

plaquetas, leucocitos, mondcitos e niveis NS1. Podemos concluir que as epidemias

49



causadas pela prevaléncia de distintos sorotipos de DENV possuem diferentes impactos e
caracteristicas clinicas em um mesmo cenario e, apesar da ocorréncia de infeccdes

secundarias, o surgimento do DENV-4 néo foi associado a casos graves.
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Dengue epidemics in two distinct periods reveal distinct epidemiological,
laboratorial and clinical aspects in a same scenario: analysis of the 2010
and 2013 epidemics in Mato Grosso do Sul, Brazil
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Background: Dengue s a major problem in Brazil. Epidemiclogical ond clinical aspects were charocterized in
patients from two epidemnics which occurred in Mato Grosso do Sul, Brazil.

Methods: Dengue coses were clossified occording to the 2009 WHO critenia, tested by serological and molecular
biology tests and analysed for nonstructural peotein 1 (NS1) antigenemia.

Results: Dengue was confirmed in 78.7% (48/61) and 75.6% (118/156) of the cases studsed in 2010 and 2013,
respectively. DENV-1 and DENV-2 were the serotypes involved in the 2010 epidemic and DENV-4 inthe 2013 ore.
Most of the cases were clossified as dengue without warning, however severe dengue was observed in 18.7%
(9/48) of the cases in 2010 and less observed in DENV-4 cases. NSI levels were higher in patients with dengue
with warning signs and severe dengue in 2010. Greulating aspartate aminotransferase (AST) and alanine trans-
ferase (ALT) were aitered in all groups, independently of the infecting serotype or epidemic. Patients with DENV-1
and DENV-2 presented significant lower monocyte counts when compared to patients with DENV-4. An inverse
correlation was found between platelet count, leucocytes, monocytes and NSI levels.

Conclusions: Epidemics caused by the prevalence of distinct DENV serotypes hod different impacts and clinical
charocteristics in a same scenario and, despite the occurrence of secondary infections, the DENV-4 emergence
was not associated with severe cases.

Keywords: Brazil, Clinical aspects, Dengue virus, Diognosis, Epidemics, NS1
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Currently, Brazil accounts for approximately 76.0% of reported
cases of dengue in the Americas.* From 2010 to 2013, a total of
3 817 660 dengue cases were reported in Brozil, mainly due to epi-
demics that occurred in the Southeast and Midwest regions. In

Introduction

Dengue viruses {DENVs) are the most important human arbo-
viruses woridwide, and are transmitted by mosquitoes of the

genus Aedes, in the form of four distinct serotypes of DENV, 1 to
4. DENVs have become amajor public health problem with relevant
social and economical effects due to the increased geographic
extension, number and severity of cases.” New estimates indicate
that 3.6 billion people live ot rsk of controcting dengue with up to
390 million infections expected to occur annually.”

Since dengue was introduced in Brazil in 1982, more than
8 million cases have been reported, with the years 2002, 2008,
2010 and 2013 being the most critical for the country.’

that same period, the state of Mato Grosso do Sul located in the
Midwest region, reported a total of 160 189 cases, 4% of the total
reported in Brazil and the seventh state in the number of notifica-
tions.* The simultaneous co-circutation of all four DENV serotypes
characterizes clear evidence of dengue hyperendemicity.” In this
scenanio, the surveillonce of DENV has been accepted as one of
the most important tools for predicting epidemics.

Dengue has become a major public health problem in Brazil
due to many foctors such as the human host susceptibility,

{* The Author 2016. Published by Oxford University Press on behalf of Royal Society of Tropical Medicine and Hygiene. All rights reserved.

For permissions, please e-moi: journals permissions@oup.com.
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virus emergences and re-emergences, as well os serotype shifts,
vector abundance and environmental factors.® Since its establish-
ment in Brazil, loboratory diognosis of dengue has proven
imperative for disease surveillonce, and plays a role as an early
waming tool.”

The dengue severity varies with anindividual's immune status,
DENV serotype/genotype, age, and population susceptibility.”
Furthermore, pre-existing comorbidities are also likely to lead to
more severe dengue infections.” Therefore, early diognosis is crit-
ical, since some patients may progress from mild to severe dis-
ease in a short period of time. Repeated monitoring of the
platelet count ond hematocrit is recommended, as an abrupt
decrease in platelet counts is an alarm sign and a significant hem-
atocnit increase is on indirect sign of plasma leakage.™®

Recently, a study referring the analysis of multiple epi-
demiological parameters associated with DENV cases in Brazil,
inciuding data from MS, identified highly heterogeneous outbreak
characteristics in terms of frequency, duration and case burden,
and stressed the need for a more thorough investigation.®’
Therefore, here we aim to analyze the epidemiologicol and dlinical
aspects of dengue coses associated with two distinct DENV epi-
demics that took place in 2010 and 2013 in Campo Grande,
Mato Grosso do Sul, Midwest region of Brazil.

Material and methods

Enrolment, data and specimen collection

The serum and plasma specimens analyzed in this study were
collected during the ongoing epidemics that occurred in 2010
and 2013, in the city of Compo Grande, Mato Grosso do Sul,
Brazil, in the Midwest region of the country, as shown in
Figure 1. Patients were enrolled ot Federal University of Mato
Grosso do Sul, Estering Corsini Day Hospital or Reference Center
for Infectious and Porasitic Diseases (CEDIP) and Guanandy
Health Center.

An infectious disease physician collected data on demo-
graphic characteristics, symptoms and physical signs using o

1. Mop of Brozil, highlighting the studied orea in Moto Grosso do
Sul, Brozil in 2010 and 2013. AM: Amazonas; BA: Bahia; GO: Goigs; MG:
Minas Gerais; MT: Mato Grosso; PA: Parg; PR: Porang; 8- S6o Paulo.

questionnaire. Dengue suspected cases (n=217) were obtained
during an octive surveillance performed by the Laboratory of
Viral Immunology, [OC/FIOCRUZ. Laboratory diagnosis was per-
formed by the Laboratory of Flavivirus, Regional Reference
Laboratory for the Brazilian Ministry of Health, located in Rio
de Janeiro. Acute serum saomples (up to the 7th day ofter disease
onset) were submitted to reverse transcriptase (RT)-PCR
ond nonstructural protein 1 (NS1) antigen copture ELISA.
Corvalescent samples (later than the 7th day after the anset of
symptoms) were tested by 1gM antibody capture (MAC)-ELISA
and IgG-ELISA. Both acute ond convalescent serum samples
were stored at -70'C. Laboratory parameters from all patients
were obtained in the hospitals in which they were treated. Eoch
sample wos accompanied by an identification form containing
clinical and epidemiological dato. The data include demographic
information, vital signs, physical examination, complete blood
count, liver enzymes (alanine transferase (ALT), alanine trans-
agminase, aspartate ominotronsferase (AST), ospartate trans-
aminase), ultrasounds and X-ray findings, history of the previous
diseases and medication use. All patients enrolled signed a writ-
ten consent form.

Inclusion criteria for WHO dengue case definition

Dengue confirmed cases were clossified according to the 2009
WHO' dassification and grouped as follows: dengue without
waming signs (DwoWS): patients living in and/or traveling to den-
gue endemic areas, presenting fever and two of the foliowing
symptoms: nausea, vomiting, rash, aches, pain, positive tourmi-
quet test and leukopenia; dengue with warning signs (DwWS):
dengue patients with any of the following warning signs: ab-
dominal pain or tenderness, persistent vomiting, clinical fiuid
accumulation, mucosal bieeding, lethargy or restlessness, [iver
enlargement =2 cm, and an increase in hematocrit concurrent
with rapid decrease in platelet count; severe dengue (SD): dengue
patients presenting ot least one of the following: severe plasma
leakoge (leading to shock and fluid accumulation with respiratory
distress), severe bleeding evaluated by clinicians, severe involve-
ment of liver by AST or ALT>1000 U, central nervous system
with impaired consciousness, and severe involvement of the
heart and other organs and Group 1IV: dengue confirmed cases
with insufficient information for classification according to 2009
WHO criteria. Non-dengue cases, excluded after a negative result
by laboratory diognosis, were considered in this study as other
febrile diseases (OFD).

Laboratory diagnosis of dengue Infection

Loboratory-positive dengue infection was defined as patients
experiencing a febrie illness consistent with dengue occording
to WHO criteria and infection confirmed bosed on the results
obtained by the laboratory diagnostic assays: RT-PCR, MAC-
ELISA, NS1 ELISA and [gG-ELISA.

Serologlcal dlagnostics
Anti-DENV immunoglobufins

The Ponbio Dengue IgM Copture ELISA (Panbio, Brisbane,
Australia) was used for the quolitative detection of anti-DENV
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IgM antibodies in serum for cose confirmation according to the
manufacturer’s instructions.

The 1gG-ELISA previously described by Miagostovich et al.'”
was performed for the characterization of dengue immune
response as primary or secondary infections in dengue cases pre-
viously confirmed by virus isolation, RT-PCR and/or MAC-ELISA.
Alternatively, the IgG Select Dx kit (Focus Diagnostics, Cartsbad,
CA, USA) was used for characterization of dengue immune
response as primary and secondary. Briefly, the ocute samples
presenting an NS1 and/or RT-PCR positive result with o negative
IgG detection were considered as primary infections, and acute
samples NS1 and/or RT-PCR positive with a positive 1gG detection
were classified as secondary ones.

NS antigen capture ELISA and NSI antigenemia

For the NS1 antigen capture, the Platelia™ Dengue NS1 Ag-ELISA
kit (Biorad Loborataries, Marnes-Lo-Coquette, France) was used
occording to the manufocturer's protocol. All NS1 negative sam-
ples were submitted to a N51 immune complex dissociation
protocol previously described.” Quantification of circudating
DENV NS1 was performed as described previously,’* with slight
maodifications, only on samples where the serotype was identified.
All samples were tested 1-9 days after disease onset.

Molecular methods

The viral RNA was extrocted using the QlAamp Viral RNA Mini kit
(Qiogen, Hilden, Germany) following the manufocturer's instruc-
tions and stored at -70 C for DENV detection and typing. The
RT-PCR for detecting and typing DENV was performed as
described previousty.** All negative samples by laboratory diagno-
sis {OFD) were also subjected to a RT-PCR for detection of other
flaviviruses and alphaviruses according to a previously published
protocol. ** Aiming to further exclude DENV infection in all nega-
tive cases (OFD), samples were tested by using the Simplexa™
Dengue Real Time RT-PCR (Focus Diagnostics, Cypress, CA, USA)
according to the manufacturefs protocol, for viral qualitative
detection and typing of DENV.

Statistical analysis

Statistical analyses were performed using GraphPad Prism soft-
ware, version 6.0 (GraphPad Software Inc., San Diego, CA, USAL
The Kruskal-Wallis non-parametric test and Dunn's muitiple com-
parison test were used to compare the differences between study
groups (OFD, DwoWS and DwWS/5D). Fisher test was used to
compare clinical and laboratory charoctenstics between patients
groups. Correlation was estimated by Spearman regression ana-
lysis. Values of p<0.05 were taken as being significant for all stat-
istical analysis.

Results

Differences In clinical presentation and laboratorial
parameters between the 2010 and 2013 epidemics
In 2010, the population of the city of Campo Grande was esti-

mated by the Mato Grosso do Sul State Secretariot of Health ot
786 797. A total of 82 597 dengue suspected cases were reported

in that year, and of those, 41 293 (50.0%) cases and 47 deaths
were confirmed in the capital, Compo Grande. In this study, den-
gue suspected cases (n=61), day 1-11 were analyzed and 79%
(48/61) were confirmed as dengue by using any of the diognostic
laboratory tests performed. In 21% (13/61) of the cases, dengue
infection was not confirmed after testing by laboratory diagnosis
and therefore were considered as OFD. Females (29) were more
offected than males (19); the mean age was 42 years.

In 2013, o total of 102 026 dengue suspected cases were
reported in Mato Grosso do Sul. Only in the city of Campo
Grande, 46 448 cases (45.5%) aond 12 deaths were notified.
Representing that epidemic, data on dengue suspected cases
{n=156) were collected and analyzed. Males and females were
similarly offected and the mean oge was 36 yeors old. Dengue
infections were confirmed in 75.6% (118/156) of the cases and
24.4% (38/156) were defined as OFD. All 51 negative samples
from both epidemics were further evoluated using an RT-PCR for
flavivirus and alphavirus'® and using a commercial real-time
RT-PCR kit to detect DENV.

In 2010, MAC-ELISA confrmed 85% (41/48) of the cases ana-
lyzed, the NS1 ELISA confirmed 29% {14/48) and RT-PCR, 25%
{12/48). DENV-1 (6/12; 50%) and DENV-2 (6/12; 50%) were the
infecting serotypes detected by RT-PCR and involved in the epi-
demic. The MAC-ELISA sensitivities according to the patient’s
number of days of iliness were 41.5% (1-3 days), 43.9% (4-7
days) and 14.6% (=7days). The RT-PCR and the NS1 ELISA sensi-
tivities on those same days were 58.4%, 33.3% and 8.3% and,
50.0%, 28.6% and 7.1%, respectively.

In 2013, MAC-ELISA confirmed 46.6% (55/118) of the cases, by
using the NS1 ELISA, 71.1% (84/118) of the cases tested positive
and the RT-PCR confirmed 30.5% (36/118) of the cases, identify-
ing DENV-4 as the prevalent serotype, detected in 28.0% (33/118)
of the cases. Moreover, this serotype accounted for 91.6% (33/36)
of the confirmed cases by RT-PCR, as DENV-1 and DENV-2
were identified, in 2 and 1 case, respectively (Table 1). The
MAC-ELISA sensitivities according to the patient’s number of
days of iliness were 10.9% (1-3 days), 52.7% (4-7 days) and

Table 1. Lobaratory confirmation of dengue suspected cases
anolyzed from epidemics in 2010 and 2013, in Campa Grande,
Moto Grosso do Sul, Brazil

Dengue laboratonal  Year

diognostic methods
2010 (n=48) 2013 (n=118)
Positive/Tested (%)  Positive/Tested (%)
MAC-ELISA L1/48 (85.4) S5/118 (46.6)
NS1ELISA 14/48 (29.2) B&/118 (711}
RT-PCR 12768 (25.0) 36/118 (305)
[serotypes] [DENV-1; 6/12] [DENV-1; 2/36)
[DENV-Z; 6/12] [DENV-2; 1/36]
[DENV-4; 33/36]

DENV: dengue virus; MAC: TgM ontibody capture; RT: reverse
*(p=0.001). Stotistical significance was ossessed using Fisher test.
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Toble 2. Charoctenstics of dengue suspected cases from epidemics occured in 2010 ond 2013, in Compo Grande, Mato Grosso do Sul, Brozil

Cases characteristics Epidemic year (Total of coses analyzed)
2010 (n=61) 2013 (n=156)
Positive/Tested (%) Positive/Testad (%)
Dengue L8/61(78.7) 118/156 (75.6)
Meaon oge (in years) 42 36
Gender (male:female) 1929 58:60
Cases clossificotion (n=438) Positive/Tested (%) (n=118) Postve/Tested (%)
DwoWS 22/48 (45.8) 84/118(71.2)"
DwWS 14748 (29.2) 32/118(27.2)
D Q/48(18.7) V118{0.8)™
Infecting serotype (n=438) Positive/Tested (%) [n= 118} Positive/Tested (%)
DENV-1 6148 (12.5) U118{1L7
DENV-2 6148 (12.5) 1/118 (0.8)
DENV-4 (OV4E) 33/118(28.0)
Totol 12/48 (25.0) 36/118(30.5)
Type of infection** (n=45) Positive/Tested (%) (n=114) Positve(Tested (%)
Primary 4/45(8.9) 16/114 (14.0)
Secondary &1/65(911) 08/114 (B6.0)
Factors ossociated to a more severe dsease (n=438) Positive/Tested (%) (n=118) Positive/Tested (%)
Haspitalization 23748 (47.9) 23/118(195)"
Abdominal pain 19/48 (335) 19/118(16.1)"
Plasma ledkoge® 2048 (4.2) /118 (0)
Hoemorrhage manifestotion® 13/48 (27.1) 14/118(11.8)"
Severe bleedng 107132 (76.9) U11{18.Y)
Hapatomegaly 7/48(14.5) M8 (L7
Comarbidity 17/48 (35.4) 271118 (22.8)
Artericl hypertension 8/48(16.7) 17118 (14.%)
Dinbetes melitus 3/4816.2) 7118 (5.9)
Other comarbidities 6148 (12.5) V118 (2.5)
= signs of vascular leakoge (pleural or pencardicl effusion, ascites); ® includes sin epistaxis, gngival bleeding, positive tourniquet

t!!:‘gﬂlmm inary troct haemaorrhage.
A x"(mmwp«oﬁ'm'ﬂuwmummmu

36.4% (>7days).). The RT-PCR and the NS1 ELISA sensitivities on
those same days were 58.3%, 36.1% and 5.6%, and 33.3%,
53.6% and 13.0%, respectively.

According to the 2009 WHO classification, in 2010 46% (22/48)
of the cases were classified as DwoWS, 29% (14) os DwWS, 19%
(9) as SD and 3 (6%) were excluded due to lack of information
(Table 2). The signs and symptoms more frequently observed
were fever (89.5%), prostration (89.5%), myalgia (81.5%), arthral-
gia (60.4%), retro-orbital pain (52.1%), nausea (47.9%), petechia
(47.9%), rash (35.4%), vomiting {35.4%), anorexia (31.2%), itch
(29.2%), diarrhea (22.9%) and o positive tourniquet (22.9%).
The main warning signs of groups DwWS were hemorrhagic mani-
festation (48.0%), persistent abdominal pain (33.0%), increased
hemataocrit with rapid decrease of plotelets (14.0%) and fluid
occumudation (10.0%).

In 2013, 71.2% (84/118) of the cases were classified in
DwoWS, 27.2% (32) in DwWS, 0.8% (1) in SD; due to lock of
information, 0.8% were not classified, Table 2. The main signs

and symptoms observed were heodoche (82.0%), fever
({81.0%), myalgia (78.0%), retro-orbital pain (72.0%), arthralgio
(69.0%), anorexia (64.0%), nausea (56.0%), back pain (45.0%),
itch (33.0%), vomiting (22.0%), petechia (10.0%), diarrhea
(10.0%) and rash (7.0%). The most common warning signs
observed in patients from DwWS were persistent abdominal
pain {58.0%), increased hematocrit with rapid decrease of plo-
telets (39.0%), mucosal bleeding (33.0%) ond fluid occumula-
tion {9.0%).

In 2010, 91% (41/45) of the cases were due to secondary
infections. Hospitalization occurred in 48% (23/48) of the cases
and comorbidities were described in 35% (14/48) of those.
As observed in the 2010 epidemic, most of the cases were due
to secondary infections in the 2013 epidernic (86.0%, 98/114).
However, different from the 2010 epidemic, despite the high inci-
dence of secondary infections, hospitalizotion was observed in
19.5% (23/118), Table 2. Comarbidities were described in 22.8%
{27/118) of the cases analyzed in 2013,

40of 9

54

TPy v grunssy /g o) FoproRwog]

e Fowp

YI0T 08 S22 =0 {ZTHOOLP T opPes() «



Transoctions of the Royal Society of Tropical Medicine and Hygiene

L "o 1 . e B
2 ¢ ¢ 84 Ly 1
.
P e 'S
64 ° 64 .
P |
E
24
24 T
=l
.
0 r r 0 v v
DENV-1/DENV-2 DENV-4 DENGUE WITHOUT DENGUE WITHWARNING
2010 EPIDEMIC 2013 EPIDEMIC WARNING SIGNS SIGNS/SEVERE DENGUE
EPIDEMIC PERIODS CLUNICAL CLASSIFICATION

Figure 2. Circuloting levels of nonstructural protein 1 {NS1)in patients with dengue according to (A) the disease severity and (B} DENV infecting serotype.
The Mann-Whitney non-parametric test waos usad and *p<0.05 ond ***p<0.001 were taken os significant for all stotistical analyss.

Considering the manifestations associated with a risk of an
unfovorable outcome, the patients from the 2010 epidemic
couse by DENV-1 and DENV-2, presented more abdominal pain,
bleeding hepatomegaly and hospitalizations. According to the
new dengue classification, WHO 2009, the diognosis of severe
cases was less frequent in patients from DENV-4, in the 2013 epi-
demic (Toble 2).

The N51 protein was quantified and serumn levels ranging from
1.98 to 7.22 ng/m in patients from the 2010 epidemic and from
1.12 to 523 ng/mL in those from the 2013 outbreck. Circulating
levels of NS1 were highest in patients with DwWS/SD than in
DwoWS and high levels were detected in patients from DENV1/2
2010 outbreak compared with those from DENV-4 2013 outbreak
(Figure 2).

Hematological and blochemical analysis

The hemograms from patients were analyzed since leukopenia
and thrombocytopenio have been associated with dengue sever-
ity. Hemoconcentration is detected by changes in hematocrit.'®
Similarly, alterations in liver functionally are commaonly observed
during dengue infection and elevation on transaminases enzymes
is frequently found during infection and have been reported to be
more pronounced in severe cases.’” In relation to liver transami-
nases, circulating levels of AST and ALT were altered in 64.4% and
75.9% of dengue paotients in 2010 and 2013, respectively.
Elevated levels of ALT and AST were found in both DwoWS and
Dw\WS/SD groups, independently of infecting serotype or epidemic
when compared to the OFD group. Moreover, patients with Dw/WS/
SD from the 2013 epidemic, showed high levels of AST and ALT
(208.5 IU/L [170.7-412]; 184.5 IW/L [121.3-332.6], respectively)
when compared to the DwoWS group (41 IU/L [46.7-72.6] and
59 [U/L [64.9-94 5], respectively), Table 3.

As demonstrated (Table 3), ol dengue patients had low leuko-
cytes counts compared to the OFD group, but the DwWS/SD group
from the DENV-4 epidemic in 2013 showed low leukocyte count

{3300 mm* {2953-3903]), compared to the DwoWS group
(3950 mm” [4283-5480]). As expected, we observed that the pla-
telets counts were lower in ofl dengue patients, when compared
to the OFD group. In the 2010 epidemic coused by DENV-1 and
DENV-2, the laboratory findings indicated low platelet count
(68.000/mm* [66.2-108.7]) compared to OFD. Moreover, hemor-
rhogic manifestations and/or plasma extrovasation were found in
those patients (13/48 [27%] and 2/48, [19%], respectively). In
comparison, patients from the DENV-4 2013 epidemic presented
a higher platelet count (137.000/mm”* [124.8-151.5]) with less
frequent bleeding (11/118 [9.3%]) and no plasmao leakage.
Comparative analyses also indicated thaot patients from the
2010 epidemic presented significant lower monocyte count
{201 mm* [217-378.3]) when compared to those from the
2013 epidemic {391 mm® [404-521.9]), Table 3.

Relationship between platelets, leukocytes and
monocytes with circulating levels of NS1

We analyzed the relationship between circulating levels of NS1
with the clinical and loboratorial parameters. [nterestingly, an
inverse correlation was found between platelets counts and NS1
serum levels {r=-0.377, p=0.0018, n=66). Similarly, we also
found an mverse correlation between leucocytes and monocytes
counts with NS1 levels (r=-0.366, p=0.0029, n=64; r=-0.333,
p=0.016, n=51 respectively), Figure 3.

Discussion
During the present study, we evaluated two epidemic periods cor-
responding to the years 2010 and 2013 in the state of Mato
Grosso do Sul, Brazil, where the number of reported coses and
the severity of the disease are nising.’ %

In the epidemics analyzed here, there was co-circulation
of two or more serotypes. In the 2010 epidemic, DENV-1
and DENV-2 circulated in the same proportion. According to
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Table 3. Hematological and biochemical parometers in patients with dengue infection ond other febrile disease duting the 2010 and 2013 epiderrics in Compo Gronde, Mato Grsso do Su,
ey

Characterstics Clnical presentation/epidemic yeor

OFD {9%% CI) 2010 2013 2010vs 2013
epdemics
DWoWS (95% C1) DwWAVSSD (93% C1)  Total (95% C1) Dwaws (93% C1) DWWS/SD [99% CI)  Totd (9%% CI) p volue
AST, 1ua® 23.3{203-484) 83 (63.7-132.2) 4+ 97(78.2-240.4) 95 (80.1-191) 41 {66.7-72.0) 44+, 2083 (170.7-412) 333911809 NS
(n=22) fn=11) +4++ [n=22] 444+ (n=33) 55 in=30) +++ In=20) 44+ In=T70)
ALT, TuL* 431 {3az2-012) 70 (34.3-1483) 1005 (56.1-239.4) 88 (66.3-191.6) 959.3 (64.5-54.5) &, 184.5(121.3-3328) 776 (90.8-109.4) s
{n=22) fn=11) ++ [n=22] ++ fn=33) 555 (n=30} +++ in=20) +++ (n=70)
Flatelets, 184 (153.2-1%0) 70 103.5-126.8} 33 (489-1119) o8 (66.2-108.7) 132 [143.9-172.7) 005 60.7-111.2) 137 (124.8-131.3) **
10° /e’ {n=s0) 54,556 +++ (n=23) 44+ nmi2) §%5 (n=73) 45+ (n=32) ++ (n=111)
counts {n=13)
Leukocytes, 0130 (5290-7054) 3300 (2927-3018) 3300 {3074-3738) 3400 {3378-3077) 3930 (L285-3480) 3300 (2933-3503) 3800 (400A-4918) NS
mm’ counts {rn=38) 45 n=14) ++ (n=19) 4+ {n=33) 44,55 in=78) 454 (n=32) +4+ (n=110}
Monocytes, A70 (420.4-0202) 320 {200.6-322.4) 235(103.3-328.1} 291 {217.1-378.3) &34 (4363-381) 280.9(2592.3-64199) 391 (404.3- .
mm’ counts % {n=33) fn==14) +++ [n=18] 44+ In=32} 55 (n=78) ++ (n=28) 521.9) (=108}

“ Transominases, reference values for asportate aminotronsferase (AST): Female 31 1L, Mole 37 UL * Alanine ominotronsferase {ALT): female 31 UL, male &1 IU/L
* p<0.05, “*p<001 *** mm‘“'xom1mmmomﬁmmmmmmmmmw
‘p=0.05, "p<001 1 represent statistical difference. DwoWS vs DwWS/SD (same outbreak) Mom-mwumsm

*p<008, “*p=0.01**"p<0.001, mmmmomﬁmummmqm was cpplied.

DwWS/SD: dengue with warning signs/severe dengue; DwoWS: dengue without waming signs; NS: not significant; ODF: other febrile disecse.
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Figure 3. Correlation of levels nonstructural protein 1 (NS1) ond (A) platedets, (8) leucocytes and {C) monocytes. A Spearmon’s ronk correlation wos

colculoted and r and p values ore represented.

dota from the Braziian Ministry of Health, in thot year 1815 severe
cases with 47 deaths were confirmed in the state of Mato Grosso
do Sul In the 2013 epidemic, DENV-1, DENV-2 and DENV-4
co-circulated, and 695 severe cases with 30 deaths were con-
firmed, ond o lower severity was observed. In Southeast Asia
the co-circulation of two or more serotypes during the same epi-
demic has been a major couse of severe disease.'” Although the
number of cases in the 2010 epidemnic was lower than in the 2013
epidemic, the number of severe cases and deaths were relatively
higher. Furthermore, a higher number of hospitalizations was
observed in 2010 (46.0%) when compared to 2013 (21.0%)."%*°

According to the new clinical dassification proposed by WHO in
2009,'" the appropricte management of patients depends on
early recognition of the warning signs. These signs are important
because they occur before the onset of severe dengue.”’ Brazil
officially odopted the new classification in 2014.% This study
showed the prevalence of DwoWS (64.0%) in both epidemics
studied. In the 2010 epidemic, 48% of the cases were of DWWS/
SD, and DENV-1 and DENV-2 were the infecting serotypes
detected. In the 2013 epidemic, 71.2% of the cases were of
DwoWS and this epidemic was mainly coused by DENV-4
(90.4%), corroborating the data from the Brazilian Ministry of
Health Persistent abdominal pain (16.1%) and mucosal bleeding
(8.4%) were the most common warning signs in patients with
DwWS, similar to other studies with new classification in Asia®*
and Brazil.”*

The infections caused by DENV-4 are typically characterized by
a milder clinical presentation compared to other serotypes.’”
However, severol studies have reported coses of severe dengue
ond deaths related to infection by DENV-4, mainly in secondary
infections.”*

High detection rates of anti-DENV IgG in the studied popula-
tion, characterizes a previous exposure to DENV infection. In this
study, 84.0% of the cases were due to secondary infections, how-
ever, more severe cases were not observed in the DENV-4 cases
which occurred in the 2013 epidemic. In the 2010 epidemic, on
the other hand, o higher number of cases with warning signs
ond severe dengue were reported. In fact, disease severity s
also coused by increased virulence and higher viral loods were
found in patients with dengue hemorrhagic fever.’” A recent
study also in Rio de Janeiro showed that patients infected by
DENV-3 and by DENV-2, as weil as secondary cases had a signifi-
cantly higher risk of developing a more severe disease.® In the pre-
sent study we observed that patients infected during the 2010
epidemic coused by DENV-1 and DENV-2 presented o more severe
disense than those infected during the 2013 epidemic mainly

caused by DENV-4. Furthermore, the number of hospitalizations
in 2010 was about 2 times higher than in 2013.

Several studies have evaluated biomarkers such as viremia,
cytokines, laboratory parometers, genes expression associated
with antigen presentation, MHC class Il receptor and NK and T
cell activities in order to identify potential predictors of severity.”
Since we observed that DENV-4 was associoted with less severity,
the loboratory parameters in both groups of study were evaolu-
ated. In our study, 51.7% of patients had leukopenia and 27.7%
thrombocytopenia corroborating previous studies carried out
in Brazil.** Importantly, patients from the 2010 epidemic with
prevalence of DENV-1 and DENV-2 had low platelet count,
high frequency of hemorrhagic manifestations ond plosma leak-
age. In comparison, patients from the DENV-4 epidemic in 2013
showed high plaotelet count with less frequent bleeding.
Thrombocytopenia and coogulation disorders have been shown
in severe cases of dengue infection. Circulating markers of coagu-
lopathy are increased during the ocute phase of the disease such
as tissue factor, protein necessary for initiation of coaguiation
cascade, and hove been ossocioted with dengue pathogenesis
and thrombocytopenia. ® Interestingly, we cbserved that circulat-
ing levels of tissue factor were lower in patients infected with
DENV-4 compared to those infected with DENV-2 [unpub-
lished data).

The involvemnent of NS1 protein in dengue severity was sug-
gested by severol studies.”® Aiming to confirm and expand
those previous results, we analyzed NS1 levels in the Brazilian
patients from those two epidemics in the same city. As demon-
strated in Figure 2, patients with DWWS/SD presented high levels
of NS1 compared to the DwoWS group, regardless of the infecting
serotype. [n addition, patients from the 2010 epidemic coused by
DENV-1 and DENV-2 presented high levels of NS1 compared to
those from the 2013 epidemic mainly coused by DENV-4.
Previous results found that circulating levels of NS1 in DENV-1
cases were much higher than levels detected in DENV-2.°

Since most patients presented secondary infections in both
epidemics analyzed here, soluble NS1 protein could be in the
form of immune complexes with IgG antibodies. Despite ol sam-
ples being heat dissociated occording to Lima et al.,” circulating
levels of NS1 were lower in samples from the 2010 epidemic
when DENV-1 and DENV-2 co-circuloted as compared to those
from 2013, when DENV-4 was prevalent. Studies reporting the
role of DENV NS1 as o biomarker are currently availoble, but
insights on NS1 antigenemia on DENV-4 cases are scarce.

Interestingly, we found an inverse correlation between circu-
lating levels of NS1 and platelets counts. Previous studies reparted
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associations between higher viral load and thrombocytopenia.””
Importantly, increased platelet destruction was associated with
immune complexes containing DENV antigen on the surface of
platelets. Antibodies to NS1 antigen cross-react with platelets
leading to platelet activation and opsonization in vitro.® NS1 acti-
vates the compiement system leoding generation of anaphyla-
toxins and terminal SC5b9 complement compiex, contributing
for pathogenesis of vascular leakage.”* An inverse correlation
between NS1 levels with leukocytes is in ogreement with the
study by Paranavitane.™ Additionally, we also observed thot
monocyte counts were inversely correlated with NS1 levels.
Maonocytes are the main target cell for DENV replication and are
the source of inflammatory cytokines that are involved in dengue
pathogenesis. Patients from the 2010 epidemic presented the
lowest monocyte count and increased levels of NS1. Greulating
monocytes are activated during the acute phase of dengue infec-
tion** and this phenomenon could in part justify the low mono-
cyte count observed in these patients. The reduced number of
these cells may be also coused by apoptosis of these cells due
DENV replication. In foct, CD14+ monocytes infected with
DENV-2 expressed higher levels of death receptor Fas and may
be susceptible to apoptosis.™

We olso observed the rise in transaminase levels in most
patients with dengue, regardless of infecting serotype or epidemic
period. In the 2010 epidemic caused by DENV-1 and DENV-2, no
differences were observed in AST and ALT levels occording to the
clinical clossification, while, in the 2013 epidemic coused by
DENV-4, the DwWS/SD group showed a significant increase in
AST and ALT, compared to the DwoWS group. Liver involvement
is one of the charocteristics of DENV infection, and liver disorders,
including hepatomegaly and transaminase elevations have been
described in both mild and severe cases and is couse of death.'”
In foct, one patient infected by DENV-2 presented elevated levels
of ALT and AST (5598 and 20618 [U/L, respectively) and died with
fulminant hepatitis (data not included in the analyses).

A large number of samples collected in both periods were
negative for DENV by using all loboratory methods avoilable and
were, thus, classified as OFD. Non-specific febrile illness, having
fever can be coused by o number of other infectious diseases
that may commanly be mistaken for dengue. Overall, the limita-
tions of the study may include sompling from younger age groups
and a more representative number of severe cases.

Conclusions

Even though patients with DENV-2 infection were more likely to
develop severe forms of dengue, the number of patients studied
here was small, and no significont association between severity
and DENV serotype was found. DENV-4 infected patients presented
symptoms of mild dengue and it has been shown that the epi-
demics coused by the prevalence of distinct DENV serotypes hod
different impocts and clinical characteristics in a some scenario.
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Artigo 4: Hepatite fulminante associada ao virus dengue tipo 2: um relato de caso

Objetivo especifico: Correlacionar infecgdo por DENV-2 a hepatite fulminante durante epidemia

ocorrida em Campo Grande, Mato Grosso do Sul em 2010.

Situacdo do manuscrito: Submetido a Journal of Medical Virology

Classificagdo QUALIS: Area de Medicina Il — B1

Referéncia: Nieli Rodrigues da Costa Faria, Elzinandes Leal de Azeredo, Rita Maria

Ribeiro Nogueira, Fernanda de Bruycker-Nogueira, Thiara Manuelle Alves de Souza,
Mauricio Pompilio, Sandra Maria L de Oliveira, Flavia Barreto dos Santos, Rivaldo

Venancio da Cunha

Resumo: Infec¢des por dengue podem ter um amplo espectro de manifestacfes clinicas e
manifestacdes atipicas ja foram descritas. O envolvimento hepéatico na dengue pode variar
de uma forma assintomatica com elevacdo das transaminases hepaticas a insuficiéncia
hepética aguda fatal (IHA). IHA ¢é uma condi¢cdo na qual uma répida deterioragdo da
funcdo hepatica é observada , resultando em encefalopatia e/ou coagulopatia hepética. Este
trabalho apresenta a descricdo de um caso de paciente sem co-morbidades infectado pelo
DENV-2 durante a epidemia de 2010 que evolui para obito apresentando IHA. A
identificacdo precoce de IHA em pacientes com dengue é importante na reducdo da
morbidade e mortalidade.
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Fulminant hepatitis asseciated with Denspe Vims type 2 in Brazl: A

Case TEport
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1 Flawivirus Laboratery, Oswaldo Croz Instingte, Bio de Jansito, Brazil
1 Inmmnaleey Viral Laboratery, Oswalde Croz Instifute, Bio de Janeiro, Brazil
3. Medical Clinie Deparment, Fadera] University of Mato Grosso do Sul, Canmpao
Grande Brazil
Abstract
Dienzoe infections cam have a wids range of climical manifecabons and wmsual
manifestadens have been described. The ver mvolvement in denFue can range from an
asymptanatsc hepafic Tansaminase slevation to fatal acwie liver fathme (ATF). AlFiza
condition m which mpid deteriomton of liver fimction resuliting in hepatc
encephalepathy and'er coapulopathy. Early identification of ALF in denpue patients is
important in reducing morbidity and mertaliry.
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INTRODUCTION

Dienzoe &5 actually main arbovinises in oopical and suiiropical areas aoumd the
word The incidencs of denmue has Fromm damatcally worldwide in recent decades
Drengue vines (DEMWV) belongs to the Flaviviridoe family, germs Flaviving with four
distinct serofypes knowm as DEMV 1., 2, 3 and 4. The four serotypes cirmulate in Brazil
and in 2005 were potified 1,620 008 suspected dengne cases in the comiy, according
to the Ministry of Health [SVS, 2014]. DENV mfections can range from asynpromatic
to an aome fEbrile llnes:, denzue faver (TF). Some patients ¢an prosTess @ a Severs
form of the dizeass, chamcterized by increased plasma leakage, thrombocoytopenia and
hemomhagic ponifestibons, which may be Gl Afer mosquite feeding DENV
replicates in Langerhans dendritc cells (LD{s) and then infect cirulating monocytes,
the main target cells of mfection. The vins also infects bepatocytes and bver is a target
organ. Although DENV affect the bver, hepatic fvolvement iz nsually asynpromatic
and severe Hver disease is less Sequent [Snkiatkhachomn and Gresn, 2000]. Hare, we
report a case of a Brazlian woman that develops severs densue with complication of
acute Liver faiture (ATF).

MATERTATL AND METHODS

Case Report

A 33-vear Bramilim female, resident in Campo Gande, Maio Grosso do Sal
Birazl was admitted m a health center near her residence. and then was refermed to
Professor Hesterma Corsini-HU Dia hospital, Campoe Grands, M5, She pressmted
anaresia, msh, womniting, pauses, diarhea, abdominal pain, paresthesia and dyspoea
There was a progressive laboratory worsening. Blood apalysis on presenfation

John Wisy & Sona
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demonsirated thrombocypenia with a platelet coumt of 14000 p’ and ladkocyte counts
of 12000 mm’. The liver enrymes were elevated, with AST more elevared than ALT
(23518 and 5598 UL respectively). Biochemical and hematological paramveters, as well
as vital signs are shown on table [ This study was approved by the Ethics Commitiess
from the Institute de Pesquisas Clinicas Evandro Chamas, Fiecmuz (CAAE
3723.00000.009-08) and Plataforma Brasil Fiecruz (CAAE 13318113.7.0000.5248)
The padent's bnshand gave written informed consent.

The infectng serofvpe was determined as DENV-1 by reverse manscripfass
pobmense chain reaction (FT-PCE) [Lanciotd ef al. 1992] and wins isolation
[Tzarashi, 1978] at the Reference Laboratary for Denzue and Vellow Fever, Oswaldo
Cruz Institute, FIOCEUZ. Viral isolation was only possible throush the lysis of the
penphenl blood menomuclear cells (PEMC) followed by moculaton of the hysate into
CH36 dedes albopicis cell line. A positive denpus pop-structural protein 1 antgen
[T951) and a positive demzue IzM antibody ELTSA. oo day 5 confimmed the diamosis of
demmae infecton A secondary mfection was confimmed by a positive IeG anfibody
detection accarding to previously established criteria (Foous Diagmesis, Cypress, CA
USA) [Limonta et al., 2004]. Hepatitis B aufarce apfigen, bepatitis C, A and E
antibediss were all negatve. In addition, scresning for Vellow fever vins, hantavinsss
and arenavirses were all pegatnve. The level densos viral FMNA was imvestzated using
guandtative BT-PCE. [Jobmson et al, 2005] and the viral lead in the plasma was 446 =
1 copies/ml. Phylogenic analysis identified the Southeast Asian genotype, linsage 1T
throush partial genome sequencing (CpME genss) accordings to Fara et al [2013].

Ap the ome of adoussion medical examiretion revealed nepwus sysiem
alteration. sisms of meningeal imiaton. imitabdity, drowsmess, hypothemmia, fainting.
olizaria, cyanosis, infense and confimpons shdonmnal pain, massive bepatosplenomegaly

3
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and petechiae on the lower limbs. The padsnt was hospinlized with lver faiture, acupe
respimaiary failure, severe metabolic acidesis, hepatomepaly voliminons and ascies.
After bospitalizaton, the patient evolved with normalimton of blood pressure, bat with
tachycardia frame, tachypnea and low level of conscimaspess. Dne to the deferomton
of respiratary svinpioms associated with wheezing amscularion, the patient was
intubated and subjected to mechamical venfilaion. Despite full aupportive care oo
intensive umit the patient died on the same day of admission.
DISCTSEI0N AND CONCLUSIONS

The spectmum of hepatic mamifesations doring densue infertions mnges fom
ASYIDLOMAE. Ansamimazes elevaton to ocommence of severs ALF. Indeed denmue
patients presant [ver dysfimction and, elevated mansammases levels bave been reparted
in children [Pires Meto =t al, 2013] and adules [Ling et al, 2007; Souza ot al, 2008)].
Althoush bepatic invelvement iz frequently asympiomatic, demsue mfection is an
important caze of acote liver faitore (ALF) in endsmic coumirsss [Samanta and Sharma,
1015).

The pathoeenesis of densoe associated to liver injury is not well imdersiood. It
is believed to be doe a direct viml mfecton of cells i the liver ar by deregulated bost
imrmme response. Liver is the commonest arget argan afecied by DEWV [de-Oliveira-
Piofo et al, 20012; Povoa et al, 2014; Femeima et al. 2015] and hepatocyies as well as
Fipffar cells are important farget dunng mfecton [Tessiz et al, 2004) Hepatic
histological chanzss have been demonsmated durmz demsue infection swch as
hepatacyte nerosis, hyperplasia and desmoction of Eopffer cells, Councilman Bodies
and monoemslear cell infitranss [Burks, 1968]. In fact, DENV antizens were detected in
hepatocytes surremding the pecrotc fod and were associaed with apoptosis o a faal
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caze [Couvelard et al, 1998]. Cyrolone siorm is another factar that could be associated
with liver injury. In this way, inflavwmatery cytokines are fmmd in severs cases of
denmae [Sokintkhachomn and Green, 2000] and are frequently associated with hepatic
dysfimction [Fermeim of al., 2015). Additionally, the mfectngs serofype could also have a
role in hepatic pathology as demoosmated with DEWV-I and DENV-3 serobpes
[Ecalayanarooj and Minmwnnitya, 2003, Thomas et al, 2008). In fact, the introdoction
of Imeage IT the Southsast Asian TEMV-2 genonype was responsible for the most severs
epidernic m 2003 m Brazil [Faria et al, 2013]. In the present study, hizh levels of
viremsia were found in plasma and PEMC @ asmeemert with previous reperts thar
observed an associaten berween hizh wviral loads with disease severity and bepabc
dysfimction [Cowvelard et al., 1999 Wang et al., 2003]. According to the WHO 20090
classification, the patient had clinical features of severe dengoe and died with ALF
caused by DENW-2 serotype. The pajonty of densue related ALF described i the
literarure is mamly in children and there are few cases reported in adults [Souza et al,
2008, Pires Meto ef al, 2013]. ALF is an umasual bar senows complication of severs
denmae and should be considered as a differential diaznosis of bepatitss, Purther studies
for imvestization of the effect of the DENV nfection and the biomarkers on involved in
pathogenesis misht confribute fo establish the farget tissoes and cells mvalved in the
pathogenesis of the disease, as well as the mechamizms bebdnd it.
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Artigo 5: Andlise de alteragdes clinicas e laboratoriais relacionadas com
a gravidade de casos de dengue: um estudo comparativo entre

sorotipos 2 e 4 no Brasil
Objetivo especifico: Analise dos aspectos laboratoriais, clinicos e imunoldgicos de casos
de DENV-2 associados a gravidade da doenca e comparados a casos de DENV-4 em

epidemias ocorridas em Campos dos Goytacazes, Rio de Janeiro em 2010 e 2013.

Situagdo do manuscrito: Submetido & American Journal of Tropical Medicine and

Hygiene

Classificagdo QUALIS: Area de Medicina Il — B1

Referéncia: Nieli Rodrigues da Costa Faria, Victor Edgar Fiestas Solorzano, Rita Maria

Ribeiro Nogueira, Fernanda de Bruycker-Nogueira, Thais Chouin-Carneiro, Jaqueline
Bastos Santos Simdes, Monique da Rocha Queiroz Lima, Luzia Maria de Oliveira Pinto,
Claire Fernandes Kubelka, Luiz José de Souza, Elzinandes Leal de Azeredo, Flavia Barreto
dos Santos.

Resumo: O aumento das formas graves de dengue tem causado grande impacto na saude
publica e tem preocupado as autoridades dos paises onde a doenca é endémica e as
epidemias atingem altas propor¢des. O reconhecimento dos sinais de progressdo para a
forma grave da doenca durante a fase febril pode ser dificil, uma vez que os sintomas séo
muitas vezes indistinguiveis de outras doencas febris. O objetivo deste estudo foi avaliar as
manifestacdes clinicas e os parametros laboratoriais de pacientes provenientes de duas
epidemias de dengue e sua associacdo com manifestacdes clinicas. O estudo foi realizado
em pacientes (n = 153) com sinais e sintomas compativeis com a dengue ocorridos durante
duas epidemias distintas, 2010 e 2013, na cidade de Campos dos Goytacazes, Rio de
Janeiro, Brasil. De acordo com os critérios da OMS de 2009, os pacientes foram
classificados como dengue sem sinais de alarme ([DSSA], 60,6%; 57/94), dengue com
sinais de alarme ([DCSA], 30,9%; 29/94) e dengue grave ([DG], 6.4%; 6/94). Independente
da epidemia, pacientes com DCSA/DG apresentaram menores contagens de plaquetas e
leucécitos e elevados niveis de transaminases quando comparados com 0s pacientes
DSSA. Curiosamente, o0s pacientes da epidemia de 2010 causada pelo DENV-2

apresentaram menores contagens de plaquetas do que os pacientes da epidemia de 2013
72



causada pelo DENV-4. Embora estudos anteriores tenham amplamente relatado a vasta
gama de aspectos clinicos da dengue, a caracterizacdo de epidemias causadas pelo DENV-4
€ muito importante, considerando as diferentes formas clinicas apresentadas durante as
epidemias, este fato torna-se especialmente indispensavel para as unidades de saude e

hospitais que executam a gestéo do paciente.
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Running title: Companson of hematological and biochemical parameters on Dengue 2
and 4 cases

ABSTRACT

The increase on scvere forms of dengue has caused great impact on public health and
has concemed the authorties of countries where the discase is endemic and cpidemics
reach high proportions. The recognition of signs of progression to the severe form of the
discase during the initial febrile phase can be difficult, since the symptoms are often
indistinguishable from other febnile discases. The aim of this study was to evaluate the
clinical manifestations and laboratorial paramecters in patients from two denguc
outbreaks and their association with clinical manifestations. The study was conducted in
patients (n=153) with signs and symptoms compatible with dengue occurred during two
distinct cpidemics, 2010 and 2013, in the city of Campos dos Goytacazes, Rio de
Janciro, Brazil. According to the 2009 WHO criteria, patients were classified as dengue
without waming signs ([DwoWS]. 60.6%: 57/94), denguc with warning signs
([DwWS], 30.9%; 29/94) and scvere dengue ([SD], 6.4%: 6/94). Indcpendent of the
cpidemic, paticnts with DwWS/SD presented lower platelets and leukocytes counts and
higher transaminases levels when compared to the DwoWS ones. Interestingly, paticnts
from the epidemic of 2010 caused by DENV-2 had lower platelet counts than patients
of the 2013 cpidemic caused by DENV-4. Although previous studies may have
extensively reported the wide range of the clinical aspects of dengue, the
characterization of DENV-4 is desirable considering the burden of the discase during
cpidemics, especially for the health units and hospitals performing patient's

management.
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Introduction

Dengue is currently considered globally as the most important mosquito-borne viral
discasc and the incidence has grown dramatically around the world in recent decades. It
is estimated that 3.9 billion people in 128 countries arc at risk of dengue infection.! One
recent estimate indicates 390 million dengue infections per year, of which 96 million
manifests clinically with any severity of discase.” Demographic changes, urbanization
and intermational travel contribute to the expansion of geographical arcas where
transmission occurs and all four DENV scrotypes are now circulating in Asia, Africa,
and the Americas.’ Not only is the number of cases increasing as the discase spreads to
new arcas, but explosive outbreaks are occurnng. Currently, Brazil accounts for
approximately 70.0% of reported cases of denguc in the Americas.*

In Brazil, the first denguc epidemic with laboratory confirmation occurred in 1981 in
Boa Vista, Roraima in the North region, where DENV-1 and 4 were isolated.” However,
it was only after DENV-1 was introduced in Rio de Janciro (RJ) in 1986, that the
discase became a nationwide public health problem.” In 2007-200%, the country
expenienced the most severe epidemic in terms of morbidity and mortality and severe
cases in children duc to the DENV-2 re-emergence.” DENV-4 was reintroduced in
Brazil in 2010 and in RJ, the first cases were detected in Niteroi in 2011" and, despite
the cpidemic caused by DENV-1, DENV-4 could be isolated during the discase
surveillance supported by the laboratorial diagnosis performed.”

In 2010 and 2013, Brazil reported a total 1.011.548 and 1.452, 489 denguc cases,
respectively, and RJ was responsible for 2.9% (29.824) and 14.7% (213.058) of those

L]
casc.
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Early diagnosis of dengue is critical, since some patients may progress from a mild to a

scvere discase in a short period of time."

Although dengue pathogenesis is not
completely clear, it is believed that multiple circulating serotypes, host factors such as
sccondary infection, comorbidities, genetic polymorphism and factors related to the

virus scrotype or genotype would determine the evolution of the clinical forms of

dengue. o

The white blood count (WBC) can reveal a leucopenia and neutropenia, lymphocytosis
with lymphocytic atypia and monocytosis. Signs and symptoms such as severe
abdominal pain and continuous, persistent vomiting, postural hypotension,
hepatomegaly, mucosal bleeding. increased hematocrit or abrupt drop of platelets, are
considered as a potential worsening of the discase."” Repeated monitoring of the platclet
count and hematocrit is recommended, as an abrupt decrease in platelet counts is an

alarm sign and a significant hematocrit increase is an indirect sign of plasma lcakage."*

In this study, we aimed to analyze the laboratorial parameters and clinical findings
during two distinct epidemics occurred in 2010 and 2013, caused by DENV-2 and

DENV-4, respectively, in Campos dos Goytacazes, Rio de Janciro, Brazil.

Material and Methods

Ethics Statement

The samples were collected as part of an ongoing Project approved by resolution

number CSN196/96 from the Oswaldo Cruz Foundation Ethical Committee in Research

(CEP 274/05 and CEP100/00) and by the Ethics Committce of Plataforma Brasil,
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FIOCRUZ (CAAE 13318113.7.0000.5248). All participating subjects provided a

written consent.

Enrolment, Data And Specimen Collection

The specimens (scrum and plasma) analyzed in this study were collected during
ongoing cpidemics that occurred in 2010 and 2013, in the city of Campos dos
Goytacazes, RJ, Brazil. Patients were assisted at the Hospital Plantadores de Cana
where an infectious discase physician collected data on demographic characteristics,
symptoms and physical signs using a structured questionnaire. Dengue suspected cases
(n=153 [n=49 in 2010 and #n=104 in 2013]) were obtained during an active surveillance
performed by the Laboratory of Viml Immunology, I0OC/FIOCRUZ. Laboratorial
diagnosis was performed by the Laboratory of Flavivirus, Regional Reference
Laboratory for the Brazilian Ministry of Health, located in Rio de Janciro. Acute serum
samples (up to the 7" day after the discase onset) were submitted to RT-PCR and NSI
antigen capture ELISA. Convalescent samples (>the 7" day after the onsct of the
symptoms) were tested by MAC-ELISA and 1gG-ELISA. Both acute and convalescent
scrum samples were stored at -70°C. Non-specific laboratory investigations from all
patients were obtained in the hospital in which they were treated and include
hemoglobin test, white blood cell (WBC) count, platelet count, liver function tests
(aspartate aminotransferase [AST] and alanine aminotransferase [ALT]), renal function
tests and ultrasonography (USG) of abdomen. Each sample was accompanied by an
identification form containing demographic information, wvital signs, physical
examination, complete blood count, liver enzymes, ultrasounds and X-rays findings,

history of the previous discascs and medication use.
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Inclusion criteria for WHO Dengue Case Definition

Dengue confirmed cases were classified according to the 2009 WHO classification ' *
and grouped as follows: Dengue without wamning signs (DwoWS): patients living in
and/or traveling to dengue endemic arca, presenting fever and two of the following
symptoms: nausca, vomiting, rash, aches, pain, positive tourniquet test and leukopenia;
Dengue with warning signs (DwWS): denguc patients with any of the following
warning signs: abdominal pain or tenderness, persistent vomiting, clinical fluid
accumulation, mucosal bleeding, lethargy or restlessness, liver enlargement >2 em, and
an increasc in hematocrit concurrent with rapid decrease in platelet count; Severe
dengue (SD): “dengue paticnts presenting at least one of the following:™ severe plasma
leakage (leading to shock and fluid accumulation with respiratory distress), severe
bleeding cvaluated by clinicians, severe involvement of liver by AST or ALT=1,000U,
central nervous system with impaired consciousness, and severe involvement of the
heart and other organs. Non-dengue cases, excluded after a negative result by all dengue
laboratonal diagnosis were considered in this study as other febrile discases (OFD).
Dengue infection laboratorial diagnosis

Laboratory-positive denguc infection was defined as patients experiencing a febnle
illness consistent with dengue according to WHO cnteria and infection confirmed based
on the results obtained by the laboratory diagnostic assays: RT-PCR, MAC-ELISA,

NS1 ELISA and IgG-ELISA.

Serological Diagnosis

Anti-DENV immunoglobulins
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The Panbio dengue IgM Capture ELISA (Panbio, Brisbane, Australia) was used for the
qualitative detection of anti-DENV IgM antibodies in serum for case confirmation

according to the manufacturer’s instructions.

The 1gG—ELISA previously described by ' was performed for the charactenization of
dengue immune response as primary or secondary infections in dengue cases previously
confirmed by virus isolation, RT—PCR and/or MAC-ELISA. Alternatively, the 1gG
Select Dx kit (Focus Diagnostics, Carlsbad, California, USA) was used for
characterization of dengue immune response as primary and secondary. Briefly, the
acute samples presenting an NSI and/or RT-PCR positive result with a ncgative 1gG
detection were considered as paimary infections, and acute samples NS1 and/or RT-
PCR positive with a positive 1gG detection were classificd as secondary ones.

NSI1 antigen capture ELISA

For the NSI antigen capture, the Platclia™ Dengue NS1 Ag-ELISA kit (Biorad
Laboratories, Marnes-La-Coquette, France) was used according to the manufacturer's
protocol. All NSI negative samples were submitted to a NSI immune complex
dissociation protocol previously descnbed. 7 Al samples were tested between 1-9 days

after discase onset.

Molecular Methods

The viral RNA was extracted using the QlAamp Viral RNA Mini kit (Qiagen,
Germany) following the manufacturer’s instructions and stored at -70 C for DENV
detection and typing. The RT—PCR for detecting and typing DENV was performed as
described previously.' All negative samples by all dengue laboratorial diagnosis (OFD)
were also subjected to a RT-PCR for detection of other flaviviruses and alphaviruses

7
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according to a previous published pmtocol."’ Aiming to further exclude DENV
infection in all negative cases (OFD), samples were tested by using the Simplexa™
Dengue Real Time RT-PCR (Focus Diagnostics, Cypress, CA) according to the

manufacturer’s protocol, for viral qualitative detection and typing of DENV.

Statistical analysis

Statistical analyses were performed using GraphPad Prism software, version 6.0
(GraphPad Softwarc Inc.. San Diecgo, CA, USA). The Kruskal-Wallis non-parametric
test and Dunn’s Multiple Comparison Test were used to compare the differences
between study groups (OFD, DwoWS and DwWS/SD). Fisher test was used to compare
clinical and laboratorial charactenistics between patients groups. Correlation was
cstimated by Spearman regression analysis. Values of p<0.05 were considered as

significant for all statistical analysis.

Results
The 2010 Epidemic

During the 2010 epidemic occurred in Campos dos Goytacazes, RJ, a total of 49 dengue
suspected cases were investigated. DENV infection was confirmed in 49.0% (24/49) of
the cases and 51.0% (25/49) were charactenzed as OFD. By RT-PCR and MAC-
ELISA, 66.7% (16/24) of the cases were confirmed and 45.8% (11/24) by NSlcapture

ELISA, Table 1.

All positive cases found were between the 1* and 8™ of discase. According to the 2009
WHO clinical criteria, confirmed cases (n=24) were classified as DwoWS (54.0%;

13/24), DwWS (21.0%; 5/24) and SD (4.0%, 1/24), Table 2. Males were more affected
8
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than females; however, independently of gender patients, the mean age was 34 years
old. DENV-2 was the only infecting serotype identified in 66.7% (16/24) of the cascs.
Sccondary infections were prevalent (91.1%, 18/24) when compared to the primary
ones (8.9%, 3/24). Hospitalizations occurred in 45.8% (11/24) of the cases and 41.6%

(10/24) of the paticnts presented comorbidity, Table 2.

The main signs and symptoms of patients were fever (87.5%), myalgia (87.5%).
prostration (83.3%), anorexia (79.1%), rctro-orbital pain 67%, arthralgia 62.5%,
vomiting (50.0%), thrombocytopenia (47.0%), nausea (37.5%), rash (37.5%). itch
(33.3%), diarrhea (29.1%), positive tourniquet (21.0%) and petechiac (8.3%). The most
common warning signs of DwWS and SD patients were hemorrhagic manifestations
(60.0%., 6/10), persistent abdominal pain (50.0%, 5/10), pleural effusion (40.0%, 4/10)

and increased hematocnit with rapid decrease of platelets (40.0%, 4/10), figure 1.

It was obscrved that the DwWS/SD patients from the cpidemic occurred in 2010 and
mainly caused by DENV-2, had significantly lower leukocytes and platclets counts
(p<0.001) when compared to OFD patients, however no statistically significant
differences  between monocytes count and hematocrit was observed (Figure 2).
Thrombocytopenia was observed in 41.6% (10/24) of the total number confirmed
dengue cases, with 20.0% (2/10) occurring on DwoWS paticnts and 80.0% (8/10), on
DwWS/SD ones. The platelet count <50.000/mm3 was observed in 87.5% (7/8) of the

DwWS/SD patients,

The analysis of the AST revealed high levels in 33.3% (8/24) of the patients during the
2010 epidemic, of those, 62.5% (5/8) occurring on DwWS/SD patients and 37.5% (3/8)

on DwoWS ones. The high AST levels on DwWS/SD paticnts were statistically
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significant when compared to the OFD (p< 0.01) and to the DwoWS patients (p< 0.05),
Figure 3. The ALT analysis revealed elevated levels in 37.5 % (9/24) of the dengue
cases, 50.0% (4/8) on DwoWS patients and 50.0% (4/8) on DwWS/SD, and no

significant differences among the groups were observed.

The 2013 Epidemic

In 2013, a total of 104 dengue suspected were analyzed and 67.0% (70/104) were
confirmed and 33.0% (34/104) of the cases considered as OFD. By using MAC-ELISA,
62.8% (44/70) of the infections were confirmed, RT-PCR confirmed 48.5% (34/70) of
the cases and the NSI capture ELISA, 38.5% (27/70), Table 1. However, when the
DENV-4 cases negative by NSI ELISA were heat dissociated, the test sensitivity
increased in 18.5%. According to the 2009 WHO clinical critenia, confirmed cases
(n=70) were classified as DwoWS (63.0%:; 44/70), DwWS (34.2%:; 24/70) and SD

(1.4%, 1/70), Table 2.

In the 2013 cpidemic, females were more affected than males; however, independently
of gender paticnts, the mecan age was 37 years old. DENV-4 was the only infecting
serotype identified in 48.6% (34/70) of the cases. Secondary infections were prevalent
(84.2%., 59/70) when compared to the primary ones (15.7%, 11/70). Hospitalizations
occurred in 22.9% (16/70) of the cases and 38.5% (27/70) of the paticnts presented

comorbidity.

Morcover, the factors (abdominal pain, plasma leakage, bleeding and plcural cffusion)
involved in a more severe discase were less frequently observed than those on the 2010

epidemic, Table 2.
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The main signs and symptoms of patients were fever (97%). myalgia (86%). headache
(80%), arthralgia (63%), nausca (54%), retro-orbital pain (50%), back pain (49%),
prostration (49%), abdominal pain (37%), itch (34%), vomiting (33%), diarrhea (31%),
rash (26%), anorexia (20%), dizziness (19%), asthenia (19%), thrombocytopenia (17%)

and petechiae (7 %), Figure 1.

DwWS/SD patients from the epidemic occurred in 2013 and mainly caused by DENV-
4. had significantly lower platelets and leukocytes counts (p<0.001) when compared to
OFD patients. Furthermore, the differences on the platelet counts between the DwoWS

and DwWS/SD were also significant (p<0.05), Figure 2.

The thrombocytopenia was observed in 17.1 % (12/70) of the total number of dengue
cases, with 8.3% (1/12) reported on DwoWS patients and 91.7% (11/12) on DWWS/SD

oncs. Low platelet counts was observed in 25.0% (3/12) of patients, all with DwWS.

Both DwoWS and DwWS/SD presented lower counts than the OFD (p< 0.001),

however no significant difference was observed in relation to the hematocnit and

monocytes values, Figure 5.

During the 2013 cpidemic, increased AST was observed in 42.8% (30/70) of dengue
cases, 53.3 % (16/30) on paticats with DwoWS and 46.6% (14/30) on DwWS ones,
whereas the increased ALT levels were also observed on 42.8% (30/70) of the cases,

S50% (15/30) on DwoWS cases and 50% (15/30) on DwWS ones.

Both high AST levels observed on DwoWS and DwWS/SD patients on 2013 were
statistically significant when compared to the OFD (p< 0,05 and p<0.001, respectively),
however no significant differences were observed between DwoWS and DwWS/SD
cases, Figure 4. The ALT analysis revealed elevated levels statistically significant on
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DwoWS and DwWS/SD patients on 2013 when compared to the OFD cases (p< 0,05
and p<0,001, respectively). and also between DwoWS and DwWS/SD cases (p<0,05),
Figure 3.

In an overall overview, independently of the cases clinical classification, the lower
platclet count observed in the 2010 cpidemic caused by DENV-2 was statistically
significant when compared to that observed on the cases occurred on the 2013 epidemic
(p<0,05). Likewise, the lower leucocytes count observed on both cpidemics were
significant, when compared to the OFD cases (p<0.001). Morcover. in both cpidemics,
both AST and ALT levels were higher when compared to the OFD group, Figure 4.
Independently of the epidemic year, paticnts presenting DwWS/SD, showed lower
platelets and leucocytes counts considening both DwoWS and OFD groups (p<0,001)

and higher AST and ALT levels, Figure 5.

Discussion

In Brmazil, dengue transmission has been occurring continuously since 1986, with
occurrence of outbreaks and epidemics, usually associated with the introduction of new
scrotypes in previously unaffected arcas or serotypes re emergences. The years of 2010
and 2013 were chamcterized by two of the largest dengue epidemics reported n the
country, when asbout | million and 1.4 million cases werc reported. respectively.
Morcover, despite the introduction of DENV-4 in 2010, this scrotype was prevalent in
2013 and responsible mostly by mild cases."” In this study, dengue infection was

confirmed in 61.4 % (94/153) of suspected cases occurred in two distinet epidemics in
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2010 and 2013, in the city of Campos do Goytacazes, RJ, revealed the circulation of
DENV-2 and DENV-4, respectively, and distinct hematological and biochemical

characteristics.

According to the 2009 WHO critena, paticnts were classified as DwoWS (60.6%:
57/94), DwWS (30.9%: 29/94) and SD (2.1%: 2/94). Early recognition of waming signs
it is important for the appropriate management of patients in order to prevent deaths
from denguc. Furhtermore, those markers are important since they occur before the
onset of severe discase.” In 2010, when DENV-2 was the prevalent serotypes, the
number of hospitalizations (45.8%) was higher than during the 2013 epidemic (22.9%),
corroborating previous studies, as it has been shown that infections caused by DENV-2
and DENV-3 arc two times more likely to result in a more severe discase than the
infection by DENV-4-' Most of the hospitalizations 80.8% (21/26) occurred in the
acute phase of the discase between the first and seventh day after the onsct of illness

and 96.2% (25/26) were due to DwWS/SD.

Considening the cpidemiological situation of the country, the immunc response
chamcterization is important as secondary infections are also related to a more severe
discase. In fact, in this study, 81.9% (77/94) of paticnts had sccondary dengue infection
and a high prevalence of secondary infections in the country has been reported in high

224

proportions previously.

When comparing the hematologic parameters in dengue patients from this study, it was
observed that regardless of their clinical status, patients of the 2010 cpidemic, caused

mainly by DENV-2, had lower platelet counts than patients of the 2013, caused mainly
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by DENV-4 (Figurc 4). It was shown that DENV-2 induced more severe

L

thrombocytopenia than DENV-4, corroborating the study by ¥ which conducted a
retrospective study comparning signs and symptoms of patients infected with different

DENYV scrotypes, reporting differences in the virulence between the scrotypes.

Several hypotheses have been formulated in order to clucidate the possible mechanisms
responsible for thrombocytopenia in dcnguc.:" suggested that DENV affect the bone
marrow progenitor cells by inhibiting their function. Other studies reported that the
virus indirectly diminishes the proliferative capacity of hematopoictic cells.” Indeed,
there is evidence that DENV induced bone marrow hypoplasia in the acute phase of the
discase **, and in vitro studics have demonstrated that DENV-4 replicates in progenitor
cells from human bone marrow by changing its capacity proliferative.” Other studics
reported that DENV infection induces platelet consumption duc to increased lysis by
complement and apoptosis. Morcover, the involvement of antiplatelet antibodies has

also been demonstrated. ™!

In the 2010 and 2013 epidemics, lcukopenia was observed in denguc patients compared
to OFD cases (Figure 4). The analysis of lcukocytes according to the clinical
classification, independently of the epidemic year, has shown a decreased count in
DwWS /SD patients compared to DwoWS, however without significant differences
(Figure 5). Some studics show that in the carly phase of the discase, in both pnmary and
secondary infections, a decrease in leukocyte counts and increase of atypical

lymphocytes may be related to the removal process by the bone marrow.
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Liver involvement is one of the characteristics of DENV infection. The liver changes,
including hepatomegaly and increases in transaminases have been deseribed in both
cases of dengue fever and dengue hemorrhagic fever. ™™ In severe dengue, the
occurrence of fulminant hepatic failure has been the cause of death in children’
Mechanisms of liver damage in dengue may be related to the direct effects of the virus
or as a consequence of the host immune response in the liver, leading to circulatory
impairment, metabolic acidosis, hypotension, hypoxia and/or vascular Icakagc.h Our
results showed that 41.5% (39/04) of patients had transaminase levels above normal,
and from those, 51.3% (20/39) were DwWS/SD patients. Different variations of
transaminase levels during dengue are not fully understood. In this study, there were no

significant statistical differences in the levels of AST/ALT between cpidemics.

The recognition of hematological and biochemical differences between patients with
dengue fever and other discases, it is of great importance in identifying patients who
may develop severe discase. The nitial clinical phase of dengue is often confused with
other febrile discases, raising doubts at the time of clinical management and
surveillance of the discase. However, the use of hematological differences and cytokine
levels could be used as an carly tool to differentiate dengue from other febrile illnesses.
Morcover. it was also demonstrated that it was possible to predict the possible onset of

thrombocytopenia by using nlgorithms.”

By comparing the data analyzed n this study, we showed a clear difference in
hematological and biochemical parameters between patients infected by DENV-2 and
DENV-4, with different chnical forms of the discase. The recognition of these

parameters helps to ensure that support measures can be taken to prevent increased
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morbidity and mortality from dengue. Further studies are needed to improve those
observations which may impact on the practice of medicine during dengue cpidemics,
especially in tropical arcas where medical resources are deficient and where such

epidemics may gencrate large economic impacts.
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Table 1: Laboratonal confirmation of dengue suspected cases analyzed from cpidemics

occurred in 2010 and 2013, in Campos dos Goytacazes, Rio de Janciro, Brazil.

Dengue laboratonal

diagnostic methods

Year

2010 (n=24)

2013 (n=70)

Positive/Tested (%0)

Positive/Tested (%)

MAC —ELISA 16/24 (66.7) 44/70 (62.8)
NS1 ELISA 11724 (35.8) 27/70 (38.5)
RT-PCR 16/24 (66.7) 34/70 (48.5)
[Serotypes] [DENV-2; 16/16] [DENV-4; 34/34)
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Table 2: Charactenistics of dengue suspected cases from epidemics occurred in 2010 and

2013, in Campos dos Goytacazes, Rio de Janciro, Brazil.

Cases characteristics

Epidemic Year

(Total of cases analyzed)

2010 (n=49)

2013 (n=104)

Positive/Tested (%)

Positive/Tested (%)

Dengue 24/49 (49.0) 70/104 (67.3)
Mean age (in years) 34 37
Gender (male:female) 29:20 23:62

(n=24) (n=T70)

Cases classification *

Positive/Tested (%)

Positive/Tested (%)

DwoWS 13/24 (54.0) 44/70 (63.0)

DwWS 5/24(21.0) 24/70 (34.2)

SDb 1/24 (4.0) 170(1.4)
(n=24) (n=70)

Infecting serotype

Positive/Tested (%)

Positive/Tested (%)

DENV-2 16/24 (66.7) 70
DENV-4 024 34/70 (48.6)
(n=24) (n=T70)

Type of infection

Positive/Tested (%)

Positive/Tested (%)

Primary 324(8.9) 11/70 (15.7)
Secondary 18/24 (V1.1) 59/70 (84.2)
Factors associated to a more | (n=24) (n=70)

scvere discase

Positive/Tested (%)

Positive/Tested (%)

24

98
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Hospitalization 11/24 (45.8) 16/70 (22.9)
Abdominal pain 10724 (41.6) 15/70 (21.4)
Plasma leakage 524 (20.8) 3/70(4.3)
Bleeding 624 (25.0) 4/70(5.7)
Pleural effusion 4/24(16.6) 0/70

Increased hematocrit with

424 (16.6) 4/70(5.7)
rapid decrease of platelets
Comorbidity: 10/24 (41.6) 27/70 (38.5)
Arterial hypertension 4/10 (40.0) 18/27 (66.7)
Diabetes mellitus 1/10(10.0) 227(7.49)
Other comorbidities 5/10(50.0) 16/27 (59.2)

535  * Duc to the lack of information for the 2009 WHO chinical classification, 5 cases were not

536  classified in 2010 and 1 case was not classified in the 2013 epidemic.

537
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545  FIGURE LEGENDS

546  Figure |

547  Major signs and symptoms of dengue cases from the 2010 and 2013 epidemics occurred

548  in Campos dos Goytacazes. Rio de Janciro, Brazil.

549

550  Figure2

551  Hematological parameters of dengue positive cases according to clinical classification
552 and epidemic, Campos dos Goytacazes, Rio de Janciro, Brazil. DwoWS: Dengue
553  without warning signs: DwWS: Dengue with waming signs :SD: Severe dengue; OFD:
554  other febrile discase: p values: * < 0,05; ** < 001 and *** < 0,001 were considered
555  statistically significant. (A) Platelet, (B) Hematocrit, (C) Leucocytes and (D)
556  Monocytes.

557

558  Figure 3

559  Biochemical parameters of dengue positive cases according to the clinical classification
560 and epidemic, Campos dos Goytacazes, Rio de Janciro, Brazil. DwoWS: Dengue
561  without warning signs: DwWS: Dengue with waming signs; SD: Severe dengue; OFD:
562  other febrile discase: AST: aspartate aminotransferase; ALT: alanine aminotransferase;
563  p values * < 0,05; ** < 0,01 and *** < 0,001 were considered statistically significant.

564  (A)AST and (B) ALT.

565
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Figure 4

Hematological and biochemical paramcters of dengue positive cases according to the
epidemics, Campos dos Goytacazes, Rio de Janeiro, Brazil. OFD: other febrile discasc:
p values * < 0,05; ** < 0,01 and *** < 0,001 were considered statistically significant.

(A) Platelets, (B) Hematocnt, (C) Leucocytes, (D) Monocytes, (E) AST and (F) ALT.

Figure 5

Hematological and biochemical parameters of dengue positive cases according to the
clinical classification, Campos dos Goytacazes, Rio de Janciro, Brazil. DwoWS:
Dengue without warning signs (n=); DwWS: Dengue with warning signs; SD: Severe
dengue; OFD: other febrile discase: (A) Platelets, (B) Hematocrit, (C) Leucocytes, (D)
Monocytes, (E) AST: aspartate aminotransferase; (F) ALT: alanine aminotransferase p

values * <0,05; ** <0,01 and *** <0001 were considered statistically significant.
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4.3. Anélise dos aspectos virais atraves de estudos de infec¢do in vitro de células

dendriticas:

Artigo 6: Analise da infec¢io “in vitro” de células dendriticas humanas por distintas

linhagens do genotipo Sudeste Asiatico/Americano de DENV-2 circulantes no Brasil.

e Objetivo especifico: Padronizar a infeccdo das duas linhagens de DENV-2
circulantes no Brasil em MoDCs humanas e determinar as taxas de infecgéo viral,
expressdo de moléculas fenotipicas de DC, de citotoxidade, de ativacao e producéo

de citocinas.

Situacdo do manuscrito: em fase de preparacao

Classificacdo QUALIS:

Referéncia: Faria NR, Torrentes-Carvalho A, Cipitelli MC, dos Santos FB, Azeredo EL, .

Resumo: Atualmente a dengue é a doenga viral mais importante transmitida por
artropodes, com mais de 100 milhdes de individuos infectados anualmente. Infeccbes pelos
virus dengue (DENV) apresentam um amplo espectro de manifestacdes clinicas que vao
desde uma doenca febril aguda até uma doenca com risco de vida apresentando
permeabilidade vascular grave. A resposta imunoldgica inata é a primeira linha de defesa
no controle da replicagdo do DENV. As células dendriticas (DC) desempenham um papel
crucial nas respostas imune inata e adaptativa para infec¢bes virais e sdo as primeiras
células infectadas por DENV. Estas células foram consideradas como sendo as principais
células alvo para infeccdo pelos DENV. No presente estudo, foram realizadas analises
comparativas de células dendriticas (DC) infectadas com duas linhagens de DENV-2 do
gendtipo Sudeste Asiatico. Observou-se que ambas as linhagens brasileiras de DENV2
foram capazes de infectar as DCs e induzir um padrdo semelhante de citocinas e
quimiocinas. Curiosamente, as DCs infectadas pela Linhagem Il mostraram altos niveis de
proteina NS1 quando comparadas com as DCs infectadas pela Lineage I. Embora nenhuma
relacdo com gravidade apresentada por pacientes infectados pelos DENV-2 (Linhagens I e
I1) possa ser correlacionada a infecgdo das DCs com as distintas linhagens, este trabalho

torna-se importante por ser o primeiro na literatura a utilizar distintas linhagens brasileiras

107


http://www.ncbi.nlm.nih.gov/pubmed/?term=Faria%20NR%5BAuthor%5D&cauthor=true&cauthor_uid=23516646

de DENV-2 na infecgdo de DCs. O aprofudamento dos estudos in vitro com diferentes
sorotipos, genotipos e linhagens podem ajudar no entendimento da influéncia deste virus na

patogenése da dengue.
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Analysis of the infection human dendritic cell “in vitro™ by different lineages of the
Southeast Asian, DENV-2 genotype in Brazil

Nieli Rodrigues da Costa Faria’?, Amanda Torrentes-Carvalho®, Marcio da Costa
Cipitell¥*, Mariana Gandmi ‘Flavia Barreto dos Santos’, Elzmandes Leal de Azeredo™™.

1.Flavivirus Laboratory, Oswaldo Cruz Institute, Rio de Janeiro, Brazil
2 Imunnology Viral Laboratory Oswaldo Cruz Institute, Rio de Janeiro, Brazil

Abstract:

Dengue is the most important arthropod-bome viral disease with 100 million affected
mdividuals annually. Dengue virus (DENV) mfection ranges from acute febrile illness
to life-threatening disease with severe vascular permeability. The mnate response is the
first lme of defense m the control of DENV replication. Dendritic cells (DCs) play a
crucial role m the mnate and adaptive immune responses to viral mfections and are the
first mfected cells by DENV. These cells were considerad to be the mam target cells for
DENV mfection. In this study. we examme mfected dendritic cells (DCs) with two
DENV-2 Limeages and comparative analyses were performed. We observed that both
Brazilian lmeages of DENV2 were able to mfect DCs and mduced 2 smmilar pattemn of
cytokme and chemokme. Interestingly, supematants from lmeage II mfected DCs
showed high levels of NS1 protem compared with Lmeage I. Smce NS1 is frequently
associated with dengue severity, our results suggest that Lmeage II of DENV-2 may
contribute to poor climical outcomes observed m more severe disease m part, due high
amounts of NS1 protem.

Key Words: Dengue virus — dendritic cells - cytokimes — Brazil
Fmancial support: FIOCRUZ, CNPq, CAPES, FAPER]
+ Correspondmg zuthors:
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Introduction

Dengue virus (DENV) is the most important arthropod-bome disease m tropical
areas. DENV belongs to the Flaviviridae family of the flaviyuus genus with four
serotypes: DENV-1, DENV-2, DENV-3 and DENV-4 (Gubler et al., 2007; Halstead ot
al., 2007). DENV mfection causes a spectrum of manifestations varymg from an
asymptomatic form, an acute febrile disease- Dengue Fever (DF), and m some cases can
develop mto a more serious condition, with plasma extravasation, thrombocytopenia
and hemorrhagic manifestations which can be fatal. The mnate immune response is the
first lme of defense agamst viral mfections, and is of great mportance m the saly
dengue control. During blood feadimg by the vector, dendritic cells (DCs) present m the
sk are the first mfected cells by DENV. DCs and activated monocytes migrate from
the sk to the lymph nodes facilitatng the spread of the virus and mfection of other
cells. These cells are mportant m the development of adaptive immune response to the
virus. The lack of animal models that reproduce immunopathelogy led to the
development of m vitro medels usmg primary human lmeages, such 2s monocytes and
dendritic cells (DCs). These cells are capable of producmg cytokmes and scluble factors
when infected with DENV.

All DENV serotypes are capable of causing the broad spectrum of pathological
conditions of Dengue (Kyle et al., 2008). However, the DENV serotypes are genetically
diverse with at least 40% of ammo acid sequence divergence. In this regard, studies
have shown that DENV vary m terms of pathogenicity and virulence. Epidemiological
studtes as well as phylogenetic amalysis allowed the characterization of different
genotypes, and multiple strams. Some studies show that certam genotypes and strams of
DENV-2 and DENV-3 were assoctated with mcreased virulence and epidemic potential
(Letmeyer et al., 1999; Watts et al., 1999) (Cologna et al.. 2005; Letmever et al. 1999;
Rico-Hesse, 1990). Phylogeny analysis of DENV-2 circulatmg m 90°s and after its re-
emergence characterized two distmet lmeages withm the Southeast Asian genotype. In
this way, strams isolated from 1990 to 2003 were classified as Southeast Astan
genotype, Lmeage 1. and strams isolated from 2007 and 2010 as Southeast Asian
genotype Lmeage II. The mtroduction of a Limeage II m Brazil was associated with
greater severity (Eara et al.. 2013). In this study we evaluated the mmate response
mduced by two distmet lmeages of DENV-2. Viral replication rates and the mduction of
a cytokme profile after mfection of dendritic cells derived from human monocytes m
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vitro were analyzed and comparative analyses between DENV-2 lineages were done.
Our results showed that both DENV-2 lineages were able to mfect human dendritic cells
but no difference was found m the viral replication ratio or m the cytokme production.
Interestmgly. supematants of mfected dendritic cells with DENV-2 lmeage II exhibited
high levels of NS1 protem. This differential NS1 profile may mfluence the pathogenic
outcomes observed m the DENV-2 outbreaks.

Materials and Methods
Cell cultures, preparation of virus stock and virus titration

Monolayer cultures of Jdedes glbopicius. C6/36 mosquito cells were grown at
28°C m L-15 Medum (Leibovitz) supplemented with 2 mM glutamine, Penicillin-
Streptomycm (10.000 U/mL). 0.1% non-essential ammo acids, and 10% Fetal Bovine
Serum (FBS). (Gibgo. Life Technologies).

The PCR-positive serum specimens were used to mfect C6/36 cell cultures
Orignal serum of Dengue virus stram type 2 belonged to lmeage I of the southeast
Asian genotype (BR39145/RJ1/90)was passaged seven times on C6/36 cell culture with a
8-10 days mcubation period for each and the origmal serum belonged to lmeage II
(BR0337/RJ/2008) was passaged 4 times m C6/36 cell to produce stocks of high viral.
Virus stock was titrated by serial dilution cultures m microtiter plates and detected by
mmmunofluorescence as previously described (\jzgestovich et al. 1993) and by Real-
tme PCR 2s previously described (Johnson et al., 2003). An uninfected flask was also
mamtamed and the supematant was collected to be used as a2 mock moculum. A mock
mfection was mcluded m each experiment. Both viral were complete sequenced as
previely reported (Earia et al., 2013).

Human monocyte-derived DCs (MoDCs).

Human peripheral blood was obtamed from frogm University Hospital
Clementmo Exaga Filho. Federal University of Rio de Janeiro (UFRJ), RJ. Peripheral
blood mononuclear cells (PBMCs) were isolated from twelve healthy doners™ buffy
coats by gentrifugation  on 2 density gradient (400g for 30 mm m Ficoll-Pague Plus, GE
Heathcare Bio-Sciences AB), as described previously (Rets et al. 2007). Cells were
resuspended at 10°  cellsml m RPMI 1640 supplemented with 200 mM glutamme,
Penicillm-Streptomyem (10,000 UmL) (Gibeo. Life Technologies). Cell viability was
verified m the cultures by Trypan blue exclusion and was = 95% were seededon 2.0x
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10% cellml on 48 well plates (Nunc Thermo Fisher Scientific) and was mcubated at
37°C under 2 humid atmosphere with 5% CO2 for 90 mm. The cells where then allowed
to adhere to enrich for monocytes. Non-adherent cells were gently removed by five
times washmg and the adherent cells were enriched monocytes were suspended m
RPMI 1640 medium supplementsd with 10% FBS. 300 UmL bhuman fGM-CSE and
500 UmL fIL-4 (Peprotech). Cytokmes were added every other day for six days. The
appropriate phenotype of DC differentiation was confirmed before each expermment by
flow cytometry.

H MoDCs infection.of DENY-2

Prior to mfection, total number of cells per well was determimed. to estimate the
multiplicity of mfection (MOI) m genome equivalents per cell For expermments
comparmg the DENV-2 lineage 1 and DENV-2 limeage II. the multiplicity of mfection
(MOI) was 5 (MOI of 5). After allowmg adsorption of the virus to the cells for 3h
at 37°C under humid atmosphere with 3% CO2, the culture supematants were replaced
with medium contaming 10% FCS and further mcubated for 48h. The supematants were
collected and stored at -70°C for determmation of cytokme levels and cells were
recoverad for flow cytometry.

Detection of viral antigen and specific co-stimulatory markers by flow cytometry.
Cells were harvestad by vigorous pipettng using cold wash buffer [phosphate-
buffered salme (PBS) pH 7.2, 1% fetal bovine serum and 0.1% EDTA (500nM),_and
were and were resuspended at 1 x 10° cells/microtube.. The cells were then centrifuged
260 g. 7 mm) and washed once more with wash buffer. Smgle or double cell labelimg
of mfected and uninfected cultures was performed. For surface labellng, the cells were
blockaed with 5% heat mactivated human plasma m wash buffer for 30 mm at 4°C and
further mcubated for 30 mm with anti-human CD1a-PE (Jgtest Immunetech. Beckman
Coulter IngBrea CA, USA), DC-specific mtercellular adhesion molecule-3-grabbing
non-mtegrin (DC-SIGN APC) (R&D Systems), CD14-PE (DzkoCytomation). HLADR-
FITC (Dako Cyvtomation). CD40-Alexa flugr 700 (BipLegend), OX40L-PE (BD
Biosciences Pharmmeen) TRAIL-PE (BD Biosciences Pharmmgen). Matching isotype
antibodies were used as negative controls. The cells were washed and subsequently
fixed with 2% paraformaldehyde. Intracellular stamimg was performed accordmg to

4
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previously described methods (Newves-Souza et al. 2003). with slight modifications.
Briefly, the cells were fixed with cold 2% paraformaldehyde m PBS for 20 min and,
after centrifugation. the membranes were permesbilised with 0.1% szponm m wash
buffer. The cells were blocked with 5% heat-mactivated human plasma m wash buffer
for 30 mm at 4°C. Conjugated antibody anti-Dengue Complex (Chemicon. Millipore,
Billerica. MA, USA) with anti-mouse labeled with  Alexa Fluor-488 (Molecular Probes,
Invitrogen) or an isotype-matched antibody diluted m wash buffer contammg 0.1%
saponm for 60 mm at 4°C. The cells were washed once with wash buffer. The cells
were acquired (10,000 events for DC-SIGN positive gate) on a FACSAna flow
cytometer (BD Biosciences). Analysis was performed usmg Flowlo (TreeStar Inc,
Ashland, OR, USA).

king detection in cell culture supernatan

For this analysis, we used the test base set Lummex, Human Cytokme Base Kit
A and specific sets for each analyte: Human TNF-a, IL-1p, IFN-y, MCP-1/CCL2, MIP-
1B/CCLA, IL-1rae IL-6 (R&D Systems, Mmneapolis, EUA).

Concentration of NS1 was determined utilized the recombmant NS1 protem of
the DENV-2 (The Native Antigen Company - Cherwell Innovation Centre-
Oxfordshire- United Kimgdom), previous quantified. For determme concentration a
standard curve was utilized to obtam 2 straight lme from this equation that showed a
mathematical relationship between absorbance and concentration. The recombmant
NS1 protem DENV-2 and cell culture supematant were mcubated together on the same
plate. We utilized the NS1 antigen capture, the Platelia™ Dengue NS1 Ag-ELISA kit
(Biorad Laboratories, Mames-La-Coquette, France) was used accordmg to the
manufacturer’s protocol.

Viral RNA levels in supernatant by Real Time PCR.

The viral RNA was extracted usmg the QIAamp Viral RNA Mmi kit (Qiagen.
Germany), following the manufacturer’s mstructions and stored at -70°C. Viral titers
were determined by Real-ttme PCR as previously described (Johnson et al., 2003).

w
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Ethical Approval

The samples were collected as part of an ongoing Project approved by resolution
number CSN196/96 from the Oswaldo Cruz Foundation Ethical Committee m Research
(CEP 27405 and CEP100/00) and by the Ethics Committee of Plataforma Brasil.
FIOCRUZ (CAAE 13318113.7.0000.5248).

Statistical analyses

Data were fust tested for nommality with Prism version 6.0 for Wmdows
(GraphPad Software). Flow cytometry data exhibited normal distributions, while
nommality was not detected for cytokme and chemokme production. To determime
whether there were significant differences m viral antigen expression, data values were
subjected to one-way amalysis of variance followed by Tukey’s Multiple comparison
test. Data from cytokime and chemokime assessments were submitted to 2 Wilcoxon
Signed rank test.

Results

Lineage I and Lineage IT infection kanetics in human MoDCs.

Figure 01 A demonstrate the cellular flow gytometry profile showmg size and
granulesity, of monocyte-derived dendritic cells (\MoeDCs). MoDCs that origmated from
healthy human PBMC donors exhibited characteristic upregulation of DC-SIGN (80%).
HLA-DR (63%) and CD12 (39 3 %) respectively (Figure 1 B) and down regulation of
CD14 molecules (2%) (datz not showm). The MpDCs exhibit characteristics of
immature DCs, which have the zbility to perform endocytosis and capture antigens and
are more susceptible to virus mfection (Stemman & Nussenzweig 2002). MoDC
cultures were mcubated with lmeage I and lmeage II of the DENV-2 virus with
equivalent dose.

Figure 1C shows percentages of viral antigen-positive cell (Ag”) rates at 48 h

post-infection (hpi). Both lmeages were able to mfect MoDCs. Figure 2A shows

representative histograms of DENV expression m mock, DENV-2 lmeage I and DENV-
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2 lmeage II m mfected MoDCs. A significant frequency of positive cells was detected
by flow gytometry m DCs mfected with lmeage I 25 compared with mock-mfected ones.
Smilarly, DCs mfected with lmeage II showed a significant frequency of positive cells
as compared with mock. No difference was observed m the frequency of positive cells

between lineages II or I as demonstrated m Figure 2 B.

Trail and OX40L are regulated during MpDCs infection with lineage I and Lineage
II of DENV-2.
OX40 L expression m DCs (Ohshima et al, 1997) may contribute to the th-2

polarisation by enhancimg IL-4 and IL-13 mduction and suppressing IFN-a after it binds
to OX40 on T cells (Ohshima et al, 1998; Delespesse et al., 1999). TNF-related
apoptosis-nducmg ligand (TRAIL) is 2 proapoptotic molecule, which mduces death of
cells that express its death receptors (DR), DR4 and DRS (Sheridan et al., 1997; Wu et
al, 1997). So we mvestigated the expression of both molecules by mfected DCs m six
donors. Figure 3A demonstrate that TRAIL was expressed on mfectad cells m 48h pos
mfection but 2 weakly expression of OX40L was detected as compared with Mock
ifected cells. The frequency of TRAIL as well as OX40L among DCs were not
different m mfected cells with Lmeage I or Lineage II as compared with Mock mfected
cells (Figure 3 B-C).

Viral RNA levels in supernatant and intracellular MpDCs by Real Time PCR.

We mvestigated the viral titers (coptesmL) of viral m NMoDCs culture
supematants from mfected MoDCs exposed to DENV2 lineage I or DENV2 limeage II
by Real time PCR. The results revealed that DENV2 Limeage II showed an mcrease m
RNA levels compared to DENV2 Limeage I at 48 hpi. although ne statistically
significant difference were observed p=0.3222 (Figure 4 B).
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thfetent dilutions were utiltzed with realized a standard curve, we adopted
dilution 125 for NSI concentraion m MpDCs supematant The diution 1:2
recommend of manufactures for human samples were utilized, but the cell culture
mfectad with DENV-2 produced high levels of NS1 and the similar quantification
presentation and overflow.

We analyzed the percentage of positive mfected MpDCs by flow gytometry.
viral titers (coptesmL) of viral m MpeDCs culture supematants from mfected MoDCs
exposed to DENV?2 limeage I or DENV?2 lmeage II by Real time PCR. and supematants
levels of NS1 from mfected MoDCs (Figure 4A-C). No difference was observed m the
percentage of positive neither m viral titers between DENV2 lmeages. However,
supematants from mfected MoDCs with lmeage II showed mcreased levels of NSI
protem when compared with Lmeage I (Figure 4C). and statstically significant
difference were observed p= 0.0024.

Several cytokines and chemolanes are present in supernatants of virus-infected

Wmm Serum cytokmes and chemokmes levels can serve as a
laboratory tool for pradictmg severe disease (John etal., 2015).

We mvestigated the production of cytokmes and chemokmes after MpDCs
mfected with different lmeages of Southeast Asian DENV-2 genotype . Supematant
from MOCK mfected MoDCs were utilized m all experiments.

We detected IL-1p. IL-1ra, IL-6, TNF-o, MCP-1/CCL2 and MIP-1f/CCLA4, test
base set Lummex, Human Cytokine Base Kit A and specific sets for each analyte
(R&D Systems, Mmneapolis, EUA).

Significant amounds of IL-1ra, IL-6, TNF-a and MIP-1B/CCL4 were detected at
48 hpi m supematants of mfected MoDCs with both lmeages compared with MOCK
(Eygure SC-E-G-1). Significant zmounds of MCP-1/CCL2 were only observed m,
supematants of mfected MoDCs with lmeage I (Figure 31).

In relation to IL1P, we found no difference m the IL-1 P levels between lneage
I or lmeage II as compared with MOCK (Figure 5A). Smmilarly, no difference was
observed m the TL-1 P levels between both lmeages (Figure 3B).

o
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No significant differences m the cytekime (IL1p, IL1raJL-6 and TNF-o) and
chemokme production (MCP-1/CCL2 and MIP-1B/CCL4) were observed m the mfected
MoDCs by DENV2 limeage I compared with DENV2 lmeage II. (Figures
IBR,EJH.2 and SM),

Discussion

The dendritic calls ars fundameantal in tha induction ofinnat= immuns rasponsas and in
directing the adaptive responsa by antigenic presentation and cytokine production. {Lipscomb,
and Masten 2002), DCs are a distinct linsags of spacialized phagocvtic mono nuclear calls in
antigznic prasentation to T and B lvmphocytes Onez in contact with the pathogen, the DCs go
through the maturation procass that culminatas with the afficient antiganic prasentation and
production of cvtokinas. The cvtokines producad by DCs becomes part of the microenvironmant
and inducs immuns responsas capabla of stimulating the devalopment of lymphocvtes T
sffactors (Rais =t al. 2006). The dengue incidence is mereasing every year, sice there are
no available antivirals and the recently approved vaccime has not yet been released for
marketmg and mcreasmg the mesquito incidence generate great concem to public health
authorities.

Considermg the prospects, pomted to the need for meore studies about the
pathogenicity and protection mechanisms related to dengue. The lack of animal models
that reproduce the severs form of the disease led to the development of m vitro models
using primary human lmeages, such as monecytes and differentiated dendritic cells
MpeDC) and further endothelial strams able to produce soluble cytokmes and factors
when mfectad with DENV. Although several “m vitro” studies have already been
carried out usmg MoeDC. most of these strams usmg Asian and Brazilian studies strams
are scarce. After seven years without activity, this serotype re-emerge m 2007 and
caused the most serious outbrezk of dengue m the country so far, characterized by 2
greater number of hospitalizations and deaths m children m 2008 (Teixeira et 21, 2009;.
SVS,.2009: Macedo gt al. 2013), Thus, this study aimed to compare mfection of
MpDCs by two strams of gemotype Southeast Asia dengue 2 m vitro m attempt to
identify differences and similarities between them and the probzble mplications m the
disease severity. For this, we evaluated the frequency of DENV antigens m mfected
MoDCs. viral loads and NSI levels m the culture supsmadants as well as
cytokime'chemokime production.

w
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Previous data from our group have shown that MoeDCs are targets of DENV
mfection, with a peak at 24 h mfection and significant rates of mfection at 48 h post-
mfection (Gandmi et al. 2011). We observed by flow cytometry and real time PCR that
both DENV-2 strams are able to mfect and multiply m MeDCs. corroboratng previous
studies (Gandmi et al. 2011; Silverra et al. 2011; Wu et al. 2000). No significant
differences were observed m viral loads between DENV-2 Limeage I and DENV-2
Limeage II as analized by real time PCR_ despite lmeage II tended to present slightly
merease m relation to lmeage 1.

DCs undergo 2 number of phenotypic changes durmg viral mfections with
expression of surface molecules related to antigen presentation to T cells and also with
effector cell responses. TRAIL (apoptosis-mducing ligand related to tumor necrosis
factor) 15 2 prospoptotic molecule that mduces death of cells that express death
receptors (DR), DR4 and DR (Marsters et al. 1997). Lu et 2l demonstrated that
activated DCs express TRAIL (Lu et al. 2002). Interestmgly, MoDCs express TRAIL
and exhibit cytotoxic activity agamst tumeor cells (Liu et al. 2001). Little is kmown about
the role of TRAIL durmg DENV mfection. Warks and colleagues demonstrated anti
viral action of this molecule m DENV mfected DCs m vitro (Warke et al. 2008).
Interestmgly, Gandmi and colleagues showed higher circulatmg levels of TRAIL m
mild dengue patients (Gandmi et 2l. 2013).

OX40L expressed on DC may contribute to the polarization of TH-2 mmune

response by IL-4 mcreases and IL-13 mduction by suppressmg IFN-y after bmdmg to
OX40 T cells (Delespesse et al. 1999). OX40L expression 15 2 fundamental requirement

for optmal mduction of primary and memory Th-2 responses m vivo. (Jenkms et al.

lazanez. & Berm, 2008), There were no differences m the OX40L expression or
TRAIL expression between MoDCs mfected by the lmeages I and II. Although both
lmeages were able to mcrease the expression of TRAIL and OX40L m mfected DCs, no
statistical difference was detected probably due to the small number of denors testad.
Patients with DHF/DSS present 2 ‘cytokme storm’, with high levels of
circulatmg cytokines and chemokmes. Therefore, serum cytokme and chemokme levels
can serve as a laberatory tool for pradicting severe disease. In this context, high TNF-u
circulatng levels are found m patients wi
(Braga et al. 2001) (Costa et al. 2013). Circulating levels of IL1p, 4. 6, 10, 18, TGF-p
are elevated m patients mfected with different serotypes and with severe clmical

oic manifestations
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manifestations (Srikiatkhachom and Green 2010). Besides these mediators, MCP1 /
CCL2 chemokme. MIP1a / CCL3, IL8 / CXCL-8 and IP-10 / CXCL10 are important
mflammatory mediators frequently assoctated with severity of dengue mfection (Bozza
etal. 2008; Lee etal. 2006).

Monocytes and macrophages produce TNF-o (Bazzons & Beutler. 1996), which
ts m the form of surface molecule, and 15, gleaved by matrix metalloprotemases
assuming the biologically active soluble form. TNF-a mduce physiological changes that
acts m the clearance of pathogens by bimding to their specific receptors, particulatly
with the TNFR-I. While TNF-o. exerts protection agamst pathogens by activatmg the
leukocytes; its systemic release can activate the endotheltum, resultmg m endothelial
permezbility and plasma extravasation, leadmg to hypovolemic shock. Durmg DENV
mfection is frequently associated with disease severity (Suharti et 2l 2003). Smce
soluble mmune mediators are mvolved m dengue mmunopathology. we mvestigated
the presence of cytokines and chemokmes m the supematants of mfected MoDCs with
both lmeages of DENV-2. Cytokmes and chemokmes quantified m supematants from
mfected MoDCs. We observed that both strams were able to mduce the production of
cytokimes (IL-1B, IL-1ra IL-6, TNF-u) and chemokmes (MCP-1 and MIP-1f). We did
not observe significant differences between strams amongst themselves, but significant
differences were observed m the amalysis gomparmg  MOCK and the lmeages
separately. In fact, several studies have reported the production of TNF-a, IL-6 by DCs
exposed to DENV (Ho et 2. 2001; Libraty et 2. 2001; Palmer et al. 2005). Chemokines
and mflammatory mediators with important roles m the pathogenesis and mmunity
(Lusseo 2000; Rosst and Zlomik 2000), have also been secreted m vitro by several
human cells after mfection with DENV (Chen and Wang 2002; L et 2l. 2003).

The soluble receptor antagenist IL-1 (IL-1ra) 1s anti-mflammatory and has 3 role.
mmunemedulatory dendritic_cells. It acts by competing cellular receptor of IL-1 with
IL-1  cytokme that s activatmg DCs (Blanco et al.  2008).
In this study, we found no differences between IL-1ra production mduced by two
lmeages. We note only that some donors exhibited remarkable production compared to
MOCK. The cytokme IL-6 is a pletotropic functions molecule and acts m the regulation
of immunoreactivity m the acute phase response m mflammation, and hematopoiesis m
oncogenesis. Scientific studies correlate cytokme IL-6 with the seventy of
DF/DHF ( Juffret et al., 2001; Chen et al.. 2006). Several authors report that mfected
MoDCs are able to produce IL-6 m response to DENV-2 (Chaturved: et al., 1999;
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Sanchez et al., 2006). In our study. no significant differences between IL-6 production
mduced by two lmeages, only when comparing the strams with MOCK.

Chemokmes are chemotactic cytokmes that direct the flow cell or mduced
homeostatic way. DCs change the profile of these mediators and express chemokme
receptors durmg the maturation process. In general, the chemeckme MCP-1/CCL2 has
been correlated with severity (Lee et al., 2006) and thrombocytopenia and hypotension
(Bozza et al., 2008) m dengue patients. The MIP-18/CCL4 was associated with 2 good
prognosis i patients mfected with DENV3 (Bozza et al., 2008). We observed that the
production of MCP-1/CCL2, MIP-1f/CCL4 BY two strains of highly variable manner
between donors. The MIP-1p /CCL4 was mduced at low levels m some donors, and
there were no differences between the production capacity of both strains. only when
compared to MOCK. Rabablert et al (2007) reported that an attenuated stram of DENV-
2 was capable of mducng mRNA expression of MIP-1p/CCL4 smilarly to the wild
type stram m human PBMC (Rabablert et al., 2007). Nightmgale et al. (2008) also
demonstrated the production of MIP-18/CCL4 by MoDCs mfected with DENV-2.

The mvolvement of the NS1 protem of dengue gravity is suggested by several
authors (Paranavitane et al, 2014;, Beatty et al. 2013). In its secretory form NS1 carries
lipids it is thought to have many implications m disease pathogenesis, as lipoprotems
are impoertant m coagulation pathways and are assoctated with vascular mflammation
(Gutsche et al., 2011). Beatty et al (2013), shown recently that NS1 of 2ll four DENV
serotypes mduced vascular lezk m dengue mouse models by mducmg endothelial
barrier dysfunction (Beatty et al., 2013). Moedhiran et al (2013), 2lso demonstrated that
dengue NS1 stimulated cytokine production from mnate immune cells by actng through
Toll-like receptor (TLR)-4 (Modhiram etal., 2015).

In our study, anmalysis of the data of the NSI protem quantitation revealed
mereased production of MoDCs cultures mfected with Lineage II than with Limeage I
(p=0.0024). In fact, the re-emergence of DENV-2, later described 2s 2 new stram
(stram II) different from the samples before circulatmg m Brazil was associated with
severity i patients with dengue (Macedo et 21, 2013:. Nunes et 21, 2016).

The secretory NS1 formed immune complexes have been shown to activate
complement, which is also thought to contribute to disease pathogenests (Ayumuman et
al., 2006). Although the mam effects of NS1 m the pathogenesis of dengue mfactions

are believed to occur due to immune complexes and anti-NS1 antibodies, recent studies
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have shown that NS1 is pathogenic by ysglf, (Beatty et al., 2015; Modhiram =t al.,
2013).

Fmnally, we observed m this study that mfected MoDCs with both DENV2
lineages of DENV-2 Southeast Asia were permissive to DENV ifection m vitro and
were capable of producmg cytokines and chemgokmes mvolved m the pathogenesis of
dengue. In fact the sequencing of both lmeages demonstrated the presence of an
asparagme (N) m position E3%0, previously characterized as a probable viral marker of
DHF development (Faria et al. 2013; Lettmeyer et al. 1999). Thus, these results suggest
that both DENV-2 lineages have potential m the development of more severe forms of
dengue. However, factors related to the host, particularly the features derived from each
donor used m this study also contribute to the variability in responses as observed by
other groups (Deauviezu et al.. 2007; Nightngale et al.. 2008). Interestimgly, mfectad
MpDCs with the Imeage II showed higher levels of NS1 suggestmg an association with
dengue severity. Our lkmowledge of virolegical and immunological mechanisms and
relation with severe outcomes s still limited and many important issues need to be
clarified. However, our results open new perspectives on the role of NSI and of
different Brazilian strams i the dengue pathogenesis important m preventmg severs
cases m areas of risk.
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Figure 1: (A) Cellular flow cytometry profile showing nize and granulosity of monocyte-denved
dendntic cells MoDCs). (B) Expression profile of different cell type markers by flow cytometry
One representative analysis 15 shown. C) Representative contour plots showing the percentages of
double CD2094DENV-2 positive cells in  mock, DENV.2 lineage I and DENV-2 hneage II,

respectively.
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FIGURE 2
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FIGURE 2: (A) Representative histograms of DENV expression m mock, DENV-2 hineage | and DENV-2 lineage
Il1n infected Monocyte-denved dendntic cells (Mo DCs).

(B) Frequencies of DENV positive cells among mock, Imeage 1 and Imeage 11 - are shown MoDCs with DENV-2
lineage [ and DENV-2 lmeage 1. MoDCs were mfected wath with DENV-2 lmeage | or DENV-2 Imeage Il at
equivalent multiphcity of infection (MOIs) or mock infected Cells were labelled wath anti - DENV using
duplicates for each penpheral blood mononuclear cells-PBMCs donor. A flow cytometry pattems for viral mtigens
on gated MoDCs 48 h after m vitro mfection. Histograms (A) demonstrae cell distnbution by Alexa Fluor 488
fluorescence mtensity. Cells were cultured with mock (BLUE) or with DENV-2 lineage | (GREEN) or lineage 1I
(RED) in equivalent doses (MO of 5) Intracellular viral antigens detection &t 48 h after mfection representing 12
cell donors (honzontal line: median and interquartile ranges, x ous viral inoculum; y s percentage of viral Ag+
cells.

Statistical significance was assessed uning the Tukey's multiple comp anson test.

Differencesbetween mock and DENV-2 lineage [ or lineage Il are gven above the figures. ***p<0,001
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FIGURE 3
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FIGURE 3: TRAIL md OX40L maskers expression dunng DENV-2 infected Monocyte-denved dendntic
cells (MoDCs) MoDCs were mfected wath both DENV-2 Lineages or mock mfected Cells were labelled wath
anti-TRAIL PE and wath anti ~-OX40L PE monoclond antibodies.

(A) Representative histograms of TRAIL and OX40 L expression m mock, DENV-2 Imeage Il m mfected
MoDCs

( B) Frequencies of TRAIL positive cells among mock, lineage | and lineage 11 - are shown,

(C) Frequencies of OX40L positive cells among mock lineage | and lineage 11~ are shown.

A flow cytometry patterns for TRAIL and OX40L on gated MoDCs 48 h after m witro infection
Histograms (A) demonstrate cell distnbution by PE fluorescence mtensity. Cells were  cultured wath
DENV-2 Lineage Il (BLUE) or with Mock (RED) (MOl of 5). Extracellular detection at48 h after infection
representing 6 cell donors (honzonta line - median and interquartile ranges,

Statistical sigmficance was assessed using the Tukey’s multiple companson test.
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FIGURE 4 Flow cytometry
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FIGURE 4 : (A) Percentages of infected MoDCs exposed to DENVZ lineage 1 or DENV2 Imeage 1l by flow
cytometry. (B) Quantitative PCR (qPCR): Viral titers (copiesimL) of viral in MoDCs culture supematants from
infected MoDCs exposed to DENV2 lineage | or DENV2 lineage 1L (C) NSI culture supematants levels in
MoDCs from infected MoDCs exposedto DENV2hineage | or DENV2 lineage Il

Statistical significance was assessed using the Tukey’s multiple companson test
Differencesbetween mock and DENV-2 lineage 1 or ineage Il are given above the figures. **p<0,001
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FIGURE 5
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mfectad. Supemadants were colleted 48 h after mfecion and amalyzed by
mumuncfluosrescent multiplex-bead assay.
A, C.E G, IandL: Lmes represent paired production for each donor of IL1B.

ILIRA, IL6, TNF-A, MCP-1/CCL2 and MIP1B/CCL4 mduced after mock and virus
mfection. Twelve PBMCs donors were usad.

B. D. F. H, J and M: Limes represent paired production of mdividual tested cytokme
cmpared between limeages, Iand II respectively.

Statistical significance was assessed usmg the Wilcoxon  signed rank test.

Differences between mock and DENV-2 lmeage I of limeage II are given zbove the
figures. * p<0.05; **p<0.001.
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Discussao

A pandemia mundial de dengue parece ter comecado nas regides da Asia e
do Pacifico, onde a primeira epidemia de dengue foi relatada, em 1779-80 (Gubler
& Clark 1995). Alteracdes biologicas que ocorrem desde esse periodo
provavelmente favoreceram a expansao geografica do vetor e o aumento de
densidade. O elevado numero de individuos suscetiveis e 0 aumento da frequéncia
de viagens provavelmente criaram condicBes que facilitaram a dispersdo dos virus
(Gubler 1997; 2002). Uma série de fatores contribuiram para a emergéncia e re-
emergéncia da dengue, como, por exemplo, o crescimento desordenado da
populacdo e a urbanizacdo ndo planejada associada a pobreza (Gubler 2002;
Guzman & Kouri 2003). O numero de casos de dengue tem aumentado em todo o
mundo e se espalhado por novas areas, como Europa e América do Norte (WHO,
2009).

O Brasil é considerado um pais tropical em sua totalidade, devido ao clima
guente e Umido, fornecendo um ambiente receptivo e altamente favoravel para a
dispersédo do mosquito vetor. A atividade dos DENV ocorre durante todo o ano, mas
a maioria dos surtos e os niveis mais altos de infestacdo do vetor mostram um
padrdo sazonal marcado, ocorrendo durante a estacdo chuvosa brasileira, de
dezembro a maio, que também sdo 0s meses mais quentes do ano (Siqueira et al.,
2005).

Embora ndo exista nenhuma associacdo definitiva que comprove que 0S
diferentes sorotipos e gendtipos induzam diferentes formas clinicas apresentadas
pela dengue, existem estudos que sugerem que os DENV-2 e DENV-3 causam a

dengue grave mais frequentemente do que 0s outros sorotipos e que 0 DENV-4 esta
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associada a dengue branda (Balmaseda et al., 2006; Sierra et al., 2007). O DENV-2
foi o sorotipo mais prevalente em varias epidemias nas Américas (Brathwaite Dick
et al., 2012) e foi classificado epidemiologicamente como o sorotipo mais relevante
em todo o mundo, devido a sua capacidade de causar epidemias mais explosivas,
seguido pelos DENV-3, DENV-1 e DENV-4 (Costa et al., 2012). O conhecimento
sobre a patogénese das infeccdes pelos DENV é limitado, mas ambos os fatores
virais e 0s da resposta imunoldgica do hospedeiro parecem estar associados a
dengue grave (Romano et al., 2010). No entanto, os sorotipos de DENV envolvidos
e o perfil genético do hospedeiro podem explicar algumas diferencas nas
manifestacdes clinicas observadas, uma vez que polimorfismos genéticos parecem
oferecer protecdo ou predisposicdo a formas mais graves da dengue (Tan et al.,
2009).

Diversos estudos realizados em regides epidémicas conduziram a geracao de
hipdteses sobre o desenvolvimento da dengue grave (Gubler & Clark, 1995). Eles
incluem a facilitacdo dependente de anticorpos (Hastead, 1988), a tempestade de
citocinas (Noisakran & Perng 2008), os fatores genéticos (Sierra et al., 2007), as
caracteristicas dos virus isolados (Diamond et al., 2000; Ferreira et al., 2010), a
carga viral na fase aguda (Gubler et al., 1981; Vaughn et al., 2000) e o estado
nutricional do hospedeiro (Thisyakorn & Nimmannitya, 1993). Os DENV podem
interagir com as células dendriticas, mondcitos/macréfagos, hepatdcitos e células
endoteliais conduzindo a liberacdo exarcebada de citocinas e quimiocinas durante a
dengue grave (Diamond et al., 2000; Acosta et al., 2009; Lin et al., 2005). No
entanto, como a producédo destas citocinas é induzida,o seu papel na patogénese da

dengue ainda ndo estéa claro.
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5.1. Vinte anos de atividade do DENV-2 no Brasil: caracterizacdo molecular e
filogenia de cepas isoladas entre 1990 e 2010. (Artigo 1)
O primeiro isolamento do DENV-2 nas Américas ocorreu em 1953 em

Trinidade (Anderson, 1956) e o primeiro caso de FHD ocorreu em 1981 em Cuba com a
introducdo do DENV-2 do gendtipo Sudeste Asiatico (Guzman et al., 1995). No Brasil, 0s
primeiros casos de FHD/SCD ocorreram ap06s a introducdo do DENV-2 no Rio de Janeiro
(Nogueira et al., 1990). A analise filogenética das amostras de DENV-2 circulantes naquela
época confirmou a presenca do DENV-2 gen6tipo Sudeste Asiatico (Miagostovich et al.,
1997; dos Santos et al., 2002).

Em abril de 2007, o DENV-2 remergiu no estado do Rio de Janeiro, causando, em
2008, a epidemia mais grave ja documentada no Brasil (Teixeira et al., 2009). A anélise
filogenética revelou a existéncia de duas linhagens distintas do gen6tipo Sudeste Asiatico,
com a primeira introduzida nos anos 90 e a outra linhagem introduzida a partir da
reemergéncia dos DENV-2 (Oliveira et al., 2010).

Os DENV-2 sdo os que apresentam a maior diversidade genética dentro dos quatro
sorotipos (Rico-Hesse et al., 1997) e alguns dos seus gen6tipos tém uma ampla distribuicéo
geografica (Zhang et al., 2005). A analise gendmica detalhada de 11 cepas representantes
dos genotipos Sudeste Asidtico e Americano do DENV-2 sugere que os determinantes de
gravidade em casos de DENV-2 residem na substituicdo de aminoacidos na proteina Ezg
(D—N), observada no gendtipo Asiatico (Leitmeyer et al, 1999). Cologna et al, 2003
mostraram que as cepas de DENV-2 do gen6tipo Sudeste Asiatico sdo mais adaptaveis as
células humanas e as células de mosquito do que as cepas do gendtipo Americano (Cologna
et al., 2003).

Diversos estudos analisando as variagdes genéticas de cepas de DENV, isoladas de
pacientes com dengue grave (FHD/SCD) e cepas de pacientes com dengue branda,

tentaram correlacionar alteragcdes de aminoécidos com o desenvolvimento da forma grave
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da dengue, porém nenhuma destas alteragdes encontradas nestas cepas foi consistente para
correlacionar essas alteracbes com a gravidade da doenca (Pandey et al., 2000;
Raekiansyah et al., 2005).

Com o aumento do namero de casos graves e a reemergéncia dos DENV-2, nos
realizamos o sequenciamento e a analise filogenética a fim de compreender a evolucgéo e
caracterizar os DENV-2 brasileiros de cepas isoladas de casos de dengue classico,
FHD/SCD e dos casos fatais ocorridos desde a introducdo deste sorotipo no pais, em 1990,
até 0 ano de 2010. Foram analisadas as sequéncias dos genes C/prM/M/E de vinte e cinco
amostras e o sequenciamento completo da regido codificante de nove amostras.

A andlise dos genes C/prM/M/E e do genoma completo da regido codificante das
34 sequéncias revelou a existéncia de dois grupos filogeneticamente distintos, um formado
pelas cepas de 1990 a 2003 e outro formado pelas cepas de 2007 a 2010, corroborando
estudos anteriores (Oliveira et al., 2010). As amostras isoladas de 1990-2003, pertencentes
ao gendtipo Sudeste Asiatico, Linhagem I, apresentam similaridade com a cepa brasileira
BR64022/98 e com a cepa Jamaica/83. No entanto as amostras isoladas de 2007-2010
apresentaram maior similaridade com a cepa DR59/01, da Republica Dominicana,
representando o gendtipo do Sudeste Asiatico, Lineage Il, corroborando com a analise
realizada por Oliveira et al 2010. Um estudo realizado com cepas de DENV-2 circulantes
no Paraguai também demostrou que a existencia de duas linhagens distintas dentro do
gendtipo do Sudeste Asiatico e sugere a introducdo de uma nova linhagem possivelmente
associada uma mudanca de sorotipo DENV-3 para DENV- 2, como observado no Brasil
em 2007 e 2008 ( Aquino et al., 2008; SVS., 2009).

A auséncia da circulagcdo dos DENV-2 nos anos anteriores a sua reemergéncia e a
alta similaridade observada entre os virus da Linhagem Il com as cepas da RepuUblica
Dominicana, em 2001, permitem sugerir que a introducdo desta nova linhagem foi

responsavel pela epidemia de 2008 no Brasil. Um estudo realizado com cepas isoladas de
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uma epidemia de 2010 em S&o Paulo demonstrou que essas cepas formavam um grupo
monofilético com as cepas isoladas no Rio de Janeiro 2007/2008 e que estas amostras
estavam intimamente relacionadas com as cepas isoladas em Cuba e na Republica
Dominicana, com uma pequena distancia geneética, sugerindo que esta nova linhagem
introduzida no Brasil pode ter sido importada do Caribe (Romano et al., 2010).

Diversas variantes genéticas dos DENV tém sido implicadas com a dengue grave no
passado (Rosen 1977; Gubler et al., 1978), mas foi através do avanco de estudos evolutivos
com base na analise filogenética combinada com dados epidemiolédgicos dos gendtipos
dentro de cada sorotipo que foi possivel associar a menor ou maior gravidade apresentada
em individuos infectados pelos DENV (Rico-Hesse et al., 1997; 2007; Messer et al.,
2002;2003).

SubstituicGes que foram identificadas nas posi¢es E129 (V—I) e E131 (L—Q) estdo
relacionadas com a divisdo do genétipo Sudeste Asiatico em dois clados distintos,
resultados concordantes com os obtidosem estudos prévios que associam estas posi¢es na
proteina E como marcadores criticos na classificacdo genética dos DENV (Aquino et al.,
2008; Bennett et al., 2006).

Todas as 34 cepas analisadas neste estudo apresentaram uma asparigina (N) na
posicdo Eazg, previamente caracterizada como um provavel determinante genético
desencadeador de FHD detectado em cepas de origem asiatica (Leitmeyer et al, 1999).
Substituicdes em Ezgo (N—D) resultam em uma redugdo na replicac¢ao viral em macrofagos
e células dendriticas. Ja a substituicdo inversa (D—N) na mesma posi¢do resulta em uma
maior replicacdo, maturacdo e ativagdo dos macrofagos, exacerbacdo da resposta imune
com uma maior producdo de citocinas, aumento da permeabilidade vascular e,
consequentemente, com maiores chances de desenvolvimento de FHD (Pryor et al, 2001).

As mutagdes no dominio 111 da proteina E dos flavivirus podem induzir a viruléncia,

ou atenuagdo ou o0 escape do virus, frente ao sistema imune (Sanchez | & Ruiz, 1996; Lin
138



& Wu, 2003), e no presente estudo, foram observadas alteracdes ao longo deste dominio
(AA 297 a 394). Um caso FHD (59382/1997), que culminou na morte do paciente, mostrou
diferencas de aminoacidos apenas no gene E, mas essas diferencas foram compartilhadas
com outras cepas de casos FD, quando eles foram comparados com a cepa referéncia
BR64022/98.

Neste estudo, uma substituicdo na prMase foi observada em trés cepas: 0690/2008 -
isolada de um caso fatal, 55769/1996 - isolada de um caso DF e 0199/2010. Catteau et al
2003 demonstraram que a producdo intracelular do ectodominio M de todos os quatro
sorotipos de DENV podem induzir a apoptose em células hospedeiras. A regido carboxi-
terminal da proteina prM com nove aminoacidos (AA 32-40) de alguns flavivirus, foi
designada como apopto M e parece desempenhar um papel importante na inducdo da
apoptose e efeitos citopaticos (Catteau et al., 2003; Marianneau et al., 1998).

Vérias mudancas foram observadas nas proteinas ndo estruturais. Estudos realizados
por Yabar (2000) mostraram que mutacdes na NS1 estdo relacionadas ao desenvolvimento
de FHD/SCD, guando comparadas com os casos de FD (Yabar, 2000).

O reconhecimento da diversidade genética dos DENV e suas origens fornecem
subsidios para que se possam monitorar 0s gendtipos mais virulentos na vigéncia de
epidemias, auxiliando na adocdo das medidas de controle. Esses estudos também podem
ajudar no esclarecimento da patogénese do DENV e nos mecanismos associados a resposta
imune do hospedeiro, bem como no entendimento da influéncia do vetor na selecdo das

variantes genéticas.
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5.2. Dengue grave associada a idade e a nova linhagem do DENV-2 no Rio de

Janeiro Brasil. (Artigo 2)

O DENV-2 emergiu em 2007 causando uma das mais graves epidemias em 2008
(Macedo et al., 2013). De acordo com a anédlise das cepas de DENV-2 utilizadas neste
estudo (1990-2011), as amostras isoladas em 2007 foram geneticamente distintas e, apesar
de pertencerem ao mesmo genotipo Sudeste Asiatico, foram agrupadas em um clado
distinto denominado de Linhagem |1 (Faria et al., 2013).

A falta de atividade da Linhagem | e a reemérgencia da Linhagem Il foram associadas a
altos niveis de RNA circulante e maiores chances de desenvolver a forma grave da dengue
durante a epidemia de 2008, corroborando com a hipotese descrita em estudos anteriores,
na qual a replicacdo mais eficiente de determinados virus poderia competir e deslocar
aqueles que apresentam um impacto epidemioldgico inferior (MVu Tu et al., 2010; OhAinle
et al, 2011; Rico-Hesse, 2003; Rico-Hesse et al., 1997).

A associacdo dos niveis de viremia com a resposta imunoldgica do hospedeiro e sua
relacdo com a progressao da doenca permanecem contraditorias. Alvarez et al (2006)
demonstraram que a infeccdo secundaria pelo DENV-2 é comumente caracterizada por
uma maior gravidade da doenca e com elevado nivel de viremia em pacientes previamente
infectados pelos DENV-1 ou DENV-3 (Alvarez et al., 2006).

Uma andlise restrospectiva sobre a dengue no Brasil possibilita mostrar que: (i) os casos
graves e fatais comecaram a ser descritosapés a introducdo dos DENV-2 em 1990, (ii) com
a introducdo do DENV-3 ocorreu um aumento no numero de 6bitos e casos graves na
epidemia de 2002 e (iii) durante a epidemia de 2008 com a reemérgencia do DENV-2 a
taxa de letalidade foi duas vezes maior, devido a introducéo desta nova linhagem.

Em relacdo ao estado do Rio de Janeiro, é importante destacar, cronologicamente, as
introducdes e reemérgencias dos DENVs no territdério fluminense: DENV-1 (1986);
DENV-2 (1990); DENV-3 (2000/01); DENV-2 (2007); DENV-1 (2010) e DENV-4
(2011).

Nossas analises demonstraram que a infeccdo secundaria independente da linhagem, néo
foi responsavel pela gravidade da dengue. N&o houve associagdo significativa entre 0s
niveis mais elevados de viremia e a apresentacdo da doenca devido ao estado imunoldgico
dos pacientes previamente infectados com DENV-1 e / ou DENV-3, sorotipos que
circularam amplamente no Rio de Janeiro, em 1986-1997 e 2001-2006, respectivamente,
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antes da introducéo e reemergéncia do DENV-2 em 1990 e 2008 (Macedo et al, 2013;
Nogueira et al., 2007; SVS, 2012; Teixeira et al., 2009).

Quanto a faixa etaria, contrastando com outras regides endémicas no mundo, no Brasil,
desde a introdugéo dos DENV, a populacdo mais acometida era a de maiores de 15 anos.
No entanto, a partir da reemergéncia do DENV-2, ocorreu uma mudanca no perfil da
doenca, com um maior acometimento da infeccdo por DENV na faixa etaria menor do que
15 anos.

E pertinente registrar que durante a epidemia de 2008, o estado do Rio de Janeiro foi
responsavel por 37% dos casos notificados no Brasil, com 50% destes casos acomentendo
menores de 15 anos, faixa etaria na qual 86% dos casos evoluiram para o ébito (Teixeira et
al., 2009). Nesta epidemiafoi observado um aumento de sete vezes no numero de
internagcdes em menores de um ano de idade. Posteriormente, em 2010, , ocorreu uma nova
mudanga no perfil da doenga com a epidemia de DENV-1 quando a faixa etaria mais
acometida foi a de maiores de 60 anos.

Em nossa casuistica, além da associacdo significativa com a gravidade da doenca, 0s
niveis de viremia do RNA foram mais elevados no grupo de < 15 anos idade, durante a
circulacdo da linhagem 11, sugerindo que a idade era um fator importante para o pico da
viremia. A associagdo de uma linhagem emergente de DENV-2 com uma maior viremia
também foi descrita em pacientes pediatricos internados no Vietnan (Vu TT et al., 2010).

No entanto é preciso considerar que outros fatores como as condicBes fisioldgicas,
neuroldgicas e comportamentais podem contribuir para uma taxa substancialmente mais
elevada de mortalidade Neste contexto, o sexo € considerado um dos fatores de risco que
tem sido associado com mortes por dengue e dengue grave. No Brasil, a distribuicdo de
casos de dengue por sexo é proporcional, mas com um ligeiro aumento para as mulheres.
Em um estudo realizado no periodo de 2002-2010, as mulheres representavam 55% dos
casos de dengue no pais (Siqueira et al., 2010). Em nosso estudo, a populacdo foi
homogénea para o0 sexo (52% mulheres e 50% homens), mas 37% das mulheres e 63% dos
homens tiveram dengue grave. Embora a taxa de dengue grave em homens tenha sido
maior do que nas mulheres, neste estudo, a gravidade da doenca néo foi significativamente
associada ao sexo, corroborando com estudos anteriores (Wang et al., 2003).

Ainda considerando outros fatores, ndo foram observadas associagc0es entre a gravidade
da doenga, idade ou sexo durante o periodo de linhagem | e a ocorréncia de niveis de

viremia mais elevados durante o periodo de linhagem Il reforca a hipdtese de que as cepas
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com maior viruléncia sdo um fator importante para a gravidade da doenga (Romano et al.,
2010; Simmons et al., 2007), como observado durante a epidemia de 2008.

No Brasil, embora a circulacdo e a evolucdo das linhagens do DENV-2 tenham sido
previamente relatadas (Drumond et al, 2013; Halstead et al, 1970; Rico-Hesse et al, 1997),
este foi o primeiro estudo a correlacionar o impacto epidemioldgico dessas linhagens na
populacdo brasileira. De acordo com nossos dados, a capacidade da linhagem |1 de se
replicar em titulos mais elevados e a alta susceptibilidade aos DENV-2 em individuos < 15
anos podem ter sido o fator-chave para a dinamica da doenca na epidemia de 2008.

O hiperendemicidade da dengue com cocirculagdo de mdltiplos sorotipos DENV, a
emergéncia ou reemergéncia de novos sorotipos, gendtipos ou linhagens mais virulentas, a
reposicdo constante de individuos susceptiveis devido a coorte de nascimento e a alta
densidade de Aedes aegypti sdo os fatores que contribuem para o cenério da dengue grave
observada nos ultimos 10 anos no Brasil.

5.3. Epidemia de dengue em dois periodos especificos revela distintos aspectos
epidemiologicos, clinicos e laboratoriais em um mesmo cenario: analise das epidemias
de dengue de 2010 e 2013 no Mato Grosso do Sul, Brasil. (Artigo 3)

O Brasil tem sofrido sucessivas epidemias desde a introducdo dos DENV na década de
1980. Em 2013 o pais sofreu uma das maiores epidemias ja ocorridas no pais com
aproximadamente 2 milhdes de casos notificados. Durante o presente estudo, foram
avaliados dois periodos epidémicos correspondentes aos anos de 2010 e 2013, no estado de
MS, Brasil, onde o nimero de casos notificados e da gravidade da doengca vem aumentando
continuadamente (SVS, 2015).

Os métodos soroldgicos ainda sdo a ferramenta mais Util para o diagnostico da dengue
durante as epidemias. O MAC-ELISA foi a técnica que mostrou maior positividade na
epidemia de 2010 e neste estudo foi possivel detectar anti-DENV IgM no primeiro dia de
febre. O NS1 ELISA é o método soroldgico mais recentemente desenvolvido que permite o
diagnostico precoce das infeccdes de DENV, durante a fase inicial da doenga, mesmo em
laboratorios com reduzidos recursos humanos e equipamentos (Andries et al., 2012).

Todas as amostras negativas por ELISA NS1 de ambas as epidemias foram testadas de
acordo com Lima et al (2014), usando acido para a dissocia¢do de imunocomplexos.
Amostras negativas para NS1 da epidemia de 2010, causada pelo DENV-1 e DENV-2,

mantiveram-se negativas. No entanto, foi observado um aumento de 22% na detecgéo do
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NS1 em amostras negativas provenientes da epidemia de 2013, causada pelo DENV-4,
corroborando com os resultados descritos por Lima et al que em seu artigo publicado em
2014 demonstram que a dissociagdo por calor dos soros antes da realizacdo do ensaio para
a detecgdo da proteina NS1, aumenta a sensibilidade do teste em areas endémicas onde as
infecgBes secundarias sdo frequentemente relatadas.

E pertinente registrar que durante o periodo estudado foi observada a cocirculagio de
dois ou mais sorotipos de DENV. Na epidemia de 2010, os DENV-1 e DENV-2
cocircularam. e, de acordo com dados do Ministério da Saude do Brasil, somente no estado
de MSforam confirmados 1.815 casos graves com 47 mortes. Quanto a epidemia de 2013,
com a cocirculacdo dos DENV-1, DENV-2 e DENV-4, apesar do menor nimero de casos
graves, foram confirmados 695 casos graves com 30 mortes.

A cocirculacdo de dois ou mais sorotipos durante a mesma epidemia tem sido
identificado e é uma das principais causas da manifestacdo grave da dengue no sudeste da
Asia (Endy et al., 2002). Varios estudos tém sugerido que as infecgdes por DENV-2 e
DENV-3 de origem asiatica, como aqueles que circulam no Brasil, estdo relacionadas com
a gravidade da dengue (Vaughn et al., 2000; Nisalak et al., 2003). Embora o0 numero de
casos analisados referentes a epidemia em 2010 tenha sido menor do que 0S casos
analisados da epidemia de 2013, o nimero de casos graves e mortes foram relativamente
mais elevados em 2010. Além disso, foi observado um maior nimero de hospitalizacdes
em 2010 (46%) quando comparado com 2013 (21%) (SES/MS, 2010; 2013).

De acordo com a nova classificagdo clinica, proposta pela OMS em 2009 (OMS, 2009),
a gestdo adequada dos pacientes depende do reconhecimento precoce dos sinais de alerta.
Estes sinais sdo importantes, uma vez que ocorrem antes do inicio da dengue grave
(Alexander et al., 2011). O Brasil adotou oficialmente a nova classificacdo em 2014. Este
estudo mostrou a prevaléncia de 64% de dengue sem sinais de alarme (DSSA) em ambas as
epidemias estudadas. Na epidemia de 2010, 47.9% dos casos eram de dengue com sinais de
alarme/dengue grave (DCSA/DG), e os sorotipos detectados foram os DENV-1 e DENV-2.
Na epidemia de 2013, 71.2% dos casos eram de DSSA e esta epidemia foi causada
principalmente pelo DENV-4 (90,4%), corroborando com os dados do Ministério da Sadde
(SVS 2013). Dor abdominal persistente (16.1%) e sangramento das mucosas (8.4%) foram
as manifestacdes clinicas mais comuns em pacientes com DCSA, semelhante a outros
estudos realizados na Asia (Leo et al., 2013; Rathakrishnan et al., 2014) e no Brasil

(Cavalcanti et al., 2014) que utilizaram a nova classificacdo da OMS.
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Em relacdo aos outros sorotipos, as infecgdes causadas pelos DENV-4 sdo tipicamente
associadas a apresentacdo clinica branda da dengue (Nishiura et al., 2007). Entretanto,
diversos estudos tém relatado dengue grave e mortes relacionadas a infecgcdo pelo DENV-4,
principalmente em infec¢Ges secundarias (Améancio et al 2014; Rico-Hesse, 2003).

Foram detectadas altas taxas de imunoglobulina G na populagdo estudada,
caracterizando uma exposicao prévia aos DENV. Embora neste estudo 84% dos pacientes
tenham apresentado infeccdo secundéria, ndo foram observadas manifestacdes graves nos
pacientes infectados pelos DENV-4 na epidemia de 2013. Por outro lado, na epidemia de
2010, foi relatado um maior nimero de casos com sinais de alarme e dengue grave, o que
sugere a presenca de infeccdo secundaria ndo seria o Unico fator responsavel por uma
doenca mais grave. Na verdade, a gravidade da doenca também é causada pelo aumento da
viruléncia (Rico-Hesse, 2003) e também pelos elevados titulos virais em pacientes com
FHD (Libraty et al., 2002; Thomas et al., 2008). Além disso, infec¢Bes sequenciais por
DENV-1 seguida por DENV-2 ou DENV-3, ou infec¢des por DENV-3 seguida por DENV-
2 foram associadas as formas graves da dengue (Guzman et al., 1991; Alvarez et al., 2006).

Um estudo anterior demonstrou quedemonstram que o aumento da gravidade nos casos
de dengue pode estar relacionado com a introducdo de um novo sorotipo, em areas que
circulam outros sototipos, com o aumento do nimero de infec¢gdes secundarias, com a
presenca de fatores intrinsecos relacionadas a populacdo (Hastead, 2006). Posteriormente
Macedo e colaboradores ao analisarem as epidemias de 2004-2008 no estado do Rio de
Janeiro verficaram um aumento dos casos de dengue em criancas menores de 15 anos de
idade, aumento de FHD e de dengue com complicacGes nesta faixa etaria e quepacientes
infectados pelo DENV-2 foram, comprovadamente, trés vezes mais propensos a ter sinais e
sintomas associados a uma doenca mais grave (Macedo et al., 2013). Reforcando as
assertivas acima, um estudo mais recente, também desenvolvido no Rio de Janeiro,
mostrou que pacientes infectados pelos DENV-3 e DENV-2, com infec¢Bes secundarias,
desenvolveram uma doenca mais grave (Heringer et al., 2015).

No presente estudo foi observado que casos de dengue pelos DENV-1 e DENV-2,
durante a epidemia de 2010, s foram mais grave do que 0s casos causados principalmente
pelo DENV-4durante a epidemia de 2013, quando o nimero de hospitalizacdo foi cerca de
duas vezes menor do que a observada em 2010.

Um estudo realizado por Thomas e cols relatou que o DENV-1 induziria uma gravidade
intermediaria, sem extravasamento plasmatico aparente, um outro estudo descrito por Huy

e cols foi demostrado que infeccdes pelo DENV-2 estavam associadas a sindrome de
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choque por dengue. Em contraste, 0 DENV-4 induziu uma apresentacdo clinica mais
branda, confirmando a existéncia de diferencas na viruléncia entre os sorotipos (Thomas et
al., 2014; Huy et al., 2013).

Diante do exposto, visando identificar possiveis preditores de gravidade na dengue,
diversos estudos tém avaliado biomarcadores tais como viremia, citocinas e parametros
laboratoriais (Srikiatkhachorn & Green, 2010; Oishi et al., 2007). Neste contexto, nosso
estudo avaliou os parametros laboratoriais dos dois grupos das diferentes epidemias e 0s
resultados obtidos possibilitou observar que o DENV-4 foi associado com menor
gravidade na apresentacdo clinica da dengue. Em nosso estudo, 51.7% dos pacientes
apresentaram leucopenia e 27.7% trombocitopenia, corroborando com estudos anteriores
realizados no Brasil (Azin et al., 2012; Oliveira et al., 2009).

E importante ressaltar que pacientes da epidemia de 2010, com prevaléncia do DENV-1
e DENV-2, apresentaram baixa contagem de plaquetas, alta frequéncia de manifestacfes
hemorragicas e extravasamento de plasmético. Em comparagdo, com 0s pacientes da
epidemia de 2013, infectados pelo DENV-4, que apresentaram maior contagem de
plaquetas e menor frequéncia de sangramento. Trombocitopenia e desordens na cascata de
coagulacéo séo observadas nos casos graves de dengue e, assim, marcadores circulantes da
coagulopatia, tais como o fator tecidual (tissue factor-TF), proteina necesséria para a
iniciacdo da cascata de coagulacdo, que estdo aumentados durante a fase aguda da doenca,
tém sido associados com a patogénese da dengue (Wills et al., 2002; Huerta-Zepeda et al.,
2008; Azeredo et al., 2010). Curiosamente, observou-se que 0s niveis circulantes de TF
foram menores nos pacientes infectados com DENV-4 em compara¢do com pacientes
infectados com DENV-2 (dados nao publicados).

A participacdo da proteina NS1 na gravidade da dengue tem sido sugerida por varios
estudos (Beatty et al., 2015; Libraty et al., 2002; Paranavitane et al., 2014). Na Asia tém se
demonstrado que os niveis de NS1 e/ou viremia s8o mais elevados em casos graves
(Libraty et al., 2002, Duyen et al., 2011; Tricou et al., 2011). Com o objetivo de confirmar
e ampliar esses resultados anteriores, analisamos os niveis circulantes de NS1 nos pacientes
brasileiros a partir dessas duas epidemias na mesma cidade. Assim, foi possivel verificar no
presente estudo que os pacientes DCSA/DG apresentaram niveis elevados de NS1 em
comparacdo com o grupo DSSA, independentemente do sorotipo infectante. Além disso, 0s
pacientes da epidemia 2010, causada por DENV-1 e DENV-2, apresentaram niveis mais
elevados de NS1 em comparacdo com aqueles da epidemia 2013 causada principalmente
por DENV-4. Estudos anteriores demonstraram que individuos infectados por DENV-1
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apresentaram niveis mais elevados de NS1 do que os infectados por DENV-2 (Duyen et al.,
2011; de la Cruz-Hernandez et al., 2013; Duong et al., 2011). Ndo foram detectadas
diferencas entre 0 DENV-1 e DENV-2, visto que poucas amostras foram simultaneamente
positivas para NS1 e RT-PCR.

Como a maioria dos pacientes apresentou infecgdes secundarias em ambas epidemias
analisadas neste estudo, é possivel especular que a proteina NS1 sollvel poderia ter
formado imunocomplexos com anticorpos 1gG. Assim, todas as amostras foram dissociadas
por &cido de acordo com Lima et cols (2014), e a partir deste procedimento foi possivel
verificar que ocorreu um aumento do nimero de amostras positivas.

A gquantificacdo dos niveis de NS1 circulante foram maiores nas amostras da epidemia
de 2010, quando ocorreu a co-circulacdo dos DENV-1 e DENV-2 em compara¢do com as
amostras de 2013, quando o DENV-4 foi prevalente. Muitos estudos tém relatado o papel
da NS1 dos DENV, como um biomarcador de gravidade, associando os altos niveis
circulantes de NS1 na fase inicial da dengue com o desenvolvimento de FHD, no
entanto estudos avaliando antigenenia de NS1 em casos de pacientes infectados pelos
outros sorotipos e em infeccdes primarias ainda sdo escassos, e necessitam de mais estudos
para avaliar se existem diferencas entre os sorotipos nos niveis circulantes de NS1 e se
estes niveis aumentados estariam influenciando no desenvolvimento da forma grave da
dengue (Libraty et al., 2002; Paranavitane et al., 2014).

Quanto a trombocitopenia, curiosamente encontramos uma correlacao inversa entre 0s
niveis circulantes de NS1 e a contagem de plaquetas (p = 0,0018, R de Spearman = -
0,377). Estudos anteriores relataram associa¢des entre maior carga viral e trombocitopenia
(Libraty et al., 2002; Duyen et al., 2011) além da destruicdo aumentada de plaquetas
associadacom imunocomplexos contendo antigeno de DENV na superficie das plaquetas
(Wang et al., 1995; Mitrakul et al., 1977). Sun e colaboradores (2007) demonstraram em
estudos “in vitro” que 0s anticorpos contra 0 antigeno NS1 reagem de forma cruzada com
as plaquetas conduzindo a ativacdo de plaquetas e a opsoniza¢do. Em nosso estudo foi
identificada uma correlacdo inversa entre os niveis de NS1 e leucdcitos, corroborando com
0 estudo de Paranavitane (Paranavitane et al., 2014). Além disso, também observamos que
as contagens de monocitos foram inversamente correlacionadas com os niveis NS1 (p =
0,0169, R de Spearman = - 0,333).

Considerando que os mondcitos sdo as principais células alvo para a replicagdo dos
DENV e que estas células s&o fonte de citocinas inflamatorias que estdo envolvidas na

patogénese da dengue, em nosso estudo os pacientes da epidemia de 2010, com niveis
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aumentados de NS1, apresentaram menor contagem de mondcitos. Como 0s mondcitos
circulantes sdo ativadados durante a fase aguda da infec¢do por dengue (Azeredo et al.,
2010), esse fendbmeno poderia, em parte, justificar a baixa contagem de mondcitos
observada nesses pacientes. O reduzido nimero destas células pode também ser justificado
pela apoptose, durante a replicacdo DENV nos mondcitos. De fato, os mondcitos CD14 +
infectados com DENV-2 expressam niveis elevados de receptor de morte Fas e podem ser
susceptiveis a apoptose (Torrentes-Carvalho et al., 2009).

Como a quantificacdo da viremia por métodos de RT-PCR é onerosa e nem sempre
disponivel nas regides endémicas, a quantificagdo da forma secretada de NS1 (SNS1) passa
a ser um importante instrumento diagndstico por proporcionar ndo s6 um diagnéstico
especifico de infeccdo DENV, mas também por prever o desenvolvimento de casos graves
na fase inicial da infeccéo.

Quanto as enzimas hepaticas, neste estudo observamos niveis aumentados das
transaminases nos pacientes infectados com dengue independente do sorotipo infectante ou
epidemia estudada. Na epidemia de 2010 causada pelo DENV-1 e DENV-2, ndo foram
observadas diferencas nos niveis de AST e ALT de acordo com a classificacdo clinica,
enquanto que, na epidemia de 2013 causada pelo DENV-4, o grupo DCSA/DG mostrou um
aumento significativo em AST e ALT, em comparagdo com o grupo DSSA. O
envolvimento hepéatico € uma das caracteristicas de infeccdo pelos DENV. Disfuncao
hepatica, incluindo hepatomegalia e elevacGes das transaminases, tem sido descrita tanto
em casos brandos como em casos graves podendo levar ao 6bito (Souza et al., 2004; Lee et
al., 2012; Trung et al., 2010). De fato, um paciente infectado pelo DENV-2 que apresentou
niveis elevados de ALT e de AST (5598 e 20618 Ul / L, respectivamente) evoluiu para o

6bito com hepatite fulminante (dados ndo publicados).

Apesar da utilizacdo de todos os métodos diagnosticos disponiveis, um grande nimero
de amostras coletadas em ambos os periodos foram negativas para DENV e, desta forma,
as amostras foram classificadas como de outras doencas febris (ODF). Essas amostras
também foram negativas para alfaviroses e flaviviroses, utilizando o protocolo descrito po
Bronzoni et al., 2005, para se certificar de que realmente eram DENV negativo. Doenca
febril ndo especifica pode ser causada por uma série de outras doencas infecciosas que
podem ser comumente confundidas com dengue. Por exemplo, um surto de gripe que
geralmente se manifestam como febre e mialgia foi relatado no mesmo periodo no estado
do Mato Grosso do Sul — MS (SES/MS, 2014).
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5.4. Hepatite fulminante associada ao virus dengue tipo 2: relato de caso. (Artigo 4)

A disfuncdo hepatica em formas de desarranjos nos testes de funcdo hepatica € comum
e pode incluir pequenas elevacbes de bilirrubina, elevados niveis de transaminases e
alteracOes nos niveis de albumina sérica. Embora na maior parte das infec¢fes a dengue se
apresente de forma assintomatica, manifestacfes clinicas como ictericia e insuficiéncia
hepatica aguda (ALF — do inglés acute liver failure), podem eventualmente complicar o
quadro clinico. A dengue tem sido apontada como uma importante causa de ALF em paises
endémicos (Samanta et al., 2015).

Neste trabalho uma paciente jovem, sem historico de comorbidades, evoluiu para o 6bito
em decorréncia de hepatite fulminante causada pelo DENV-2 (Linhagem II).

Observamos altos titulos virais no plasma e nas PBMCs, corroborando com estudo
descrito anteriormente, que desmonstrou que na forma grave da dengue alto nivel de
viremia esta associado com o envolvimento de diferentes érgdos (figado, cérebro) (Martina
et al., 2009).

A disfuncdo hepética é uma caracteristica crucial observada na infeccdo pelo DENV.
Hepatécitos e células de Kupffer sdo os principais alvos na infeccdo pelo DENV
(Marianneau et al., 1999; Seneviratne et al., 2006), como confirmado em biopsias e
autopsias de casos fatais (Huerre et al., 2001). O aumento das transamisases € observado
na infeccdo por dengue, porém o aumento das transaminases > 1000 UI/L é observado na
dengue grave (Souza et al., 2004). No presente estudo a paciente apresentou altos niveis
circulantes de transamisases, com aumento de 590 e 136 vezes acima dos valores normais
para AST e ALT, respectivamente.

O diagnostico diferencial com outras doencas que causam a ALF deve ser verificado, e
em nosso estudo os testes para as hepatites virais, febre amarela, hantavirose e arenavirose
também foram negativos.

Além das medidas de suporte as medidas especificas também devem ser adotadas
no manejo de pacientes infectados pelos DENV com ALF, as medidas especificas
previamente descritas, em diversos estudos como o tratamento intravenoso com N-
acetilcisteina (Kumarasena et al, 2010; Senanayake et al 2013). Além disso, alguns
cuidados devem ser tomados em relagdo ao diagnéstico e ao uso de drogas que podem

agravar a lesdo hepatica (Jorup-Roénstrom et al., 1986; Maddox et al., 2010).
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5.5. Andlise das alterac6es clinicas e laboratorias relacionadas com a gravidade de
casos de dengue: um estudo comparativo entre sorotipos 2 e 4 no Brasil. (Artigo 5)

No Brasil, a transmissdo da dengue vem ocorrendo de forma continuada desde
1986, intercalando-se com a ocorréncia de epidemias, geralmente associadas com a
introducéo de novos sorotipos em areas anteriormente indenes. A maior epidemia ocorreu
em 2013, com aproximadamente 1.4 milhdes de casos notificados, com o predominio do
DENV-4, mas com a maioria dos casos brandos (SVS, 2014). Este estudo foi realizado com
153 pacientes com sinais e sintomas compativeis com dengue, em amostras provenientes
das epidemias de 2010 e 2013 ocorridas no municipio de Campos dos Goytacazes, no
estado do Rio de Janeiro, Brasil. A infeccdo foi confirmada em 61.4% (94/153) dos
pacientes com suspeita de dengue, por uma ou mais técnicas de diagnostico de rotina do
Laboratério de Flavivirus, Instituto Oswaldo Cruz, FIOCRUZ. A andlise pela técnica de
RT-PCR detectou 0 DENV-2 na epidemia em 2010 e 0 DENV-4 na epidemia em 2013.

De acordo com a nova classificacdo da WHO 2009, os pacientes foram classificados
como 60.6% (57/94) DSSA, 30.9% (29/94) DCSA, 2.1% (2/94) DG e 6.3% (6/94) ndo
puderam ser classificados. O reconhecimento precoce dos sinais de alarme torna-se
importante para 0 manejo adequado dos pacientes, como 0 objetivo de evitar as mortes pela
dengue. Estes sinais sdo importantes, uma vez que surgem antes do estabelecimento da
forma grave da doenca (Alexander et al., 2011). Em 2010 o nimero de hospitaliza¢bes
(45.8%) foi maior do que na epidemia de 2013 (22.9%), resultado semelhante aos obtidos
em estudo prévio que mostraram que infeccdes causadas pelos DENV-2 e DENV-3
apresentam duas vezes mais probabilidade de desenvolver a forma grave da doenca do que
infeccdes pelos DENV-4 (Fried et al., 2010). Um total de 80.8 % (21/26) das internacdes
hospitalares ocorreu na fase aguda da doenca, entre os primeiro e sétimo dia ap6s do inicio
da doenca, enquanto que em 19.2% (5/26) com mais de 7 dias de doenca. Das 27.6%
(26/94) internacGes ocorridas 96.2% (25/26) eram DCSA/DG e 3.8 % (1/26) eram DSSA.

Considerando a situacdo epidemioldgica do pais, procedemos a classificacdo da
resposta imune dos pacientes. Em nossa casuistica, 81.9% (77/94) dos pacientes
apresentaram infeccdo secundaria. De fato a infeccéo secundaria tem sido relatada em altas
proporcOes em estudos realizados no pais (Honorio et al., 2009; Guilarde et al., 2008;
Nogueira et al., 2005).

Ao compararmos as alteracdes hematologicas dos pacientes, observamos que
independente da forma clinica apresentada os pacientes infectados pelo DENV-2, na
epidemia de 2010 apresentaram trombocitopenia mais acentuada do que os pacientes

149



provenientes da epidemia de 2013 que foi causada pelo DENV-4, corroborando com 0s
resultados obtidos nos estudos de Thomas et al (2008) e Faria et al (2016).

Diversas hipoteses vém sendo formuladas visando a elucidacdo dos provaveis
mecanismos responsaveis pela trombocitopenia na dengue. Murgue et al (1997) sugeriram
que o DENV afetaria as células progenitoras da medula 6ssea inibindo suas funcoes.
Outros estudos descreveram que mecanismos indiretos ao virus, diminuiriam a capacidade
proliferativa das células hematopoiéticas (Basu et al., 2008). De fato, existem evidéncias de
que o DENV induz hipoplasia da medula 6ssea na fase aguda da doenga (Tsai et al., 2011),
ja que estudos in vitro demonstraram que o DENV-4 se replica em células progenitoras da
medula déssea humana alterando a sua capacidade proliferativa (Nakao et al., 1989).
Adicionalmente, estudos tém demonstrado que a infeccdo pelo DENV pode induzir o
consumo plaquetério em decorréncia de uma maior lise causada pelo complemento e
apoptose, além do mecanismo relacionado aos anticorpos antiplaquetarios (Lin et al., 2006;
Hottz et al., 2013).

Pacientes infectados pelo DENV apresentaram leucopenia independente do sorotipo
infectante e da epidemia estudada, quando comparados com pacientes ODF. Jamel e
colaboradores demonstraram que no inicio da doenca, tanto em infec¢Bes primérias quanto
secundarias, ocorre uma queda na contagem de leucécitos concomitante a queda de
linfécitos T e aumento de linfécitos atipicos, evento que podem estar relacionado ao
processo de supressdo da medula 6ssea durante a fase aguda da doenca (Jameel et al.,
2012).

O envolvimento hepético € uma das caracteristicas da infeccdo pelo DENV. As
alteracBes hepaticas, incluindo hepatomegalia e aumentos das transaminases ja foram
descritas tanto em casos de dengue classica como de febre hemorragica do dengue (Nguyen
et al., 1997; Trung et al., 2010; Lee et al., 2012;). Na dengue grave, a ocorréncia de
insuficiéncia hepatica fulminante tem sido causa de morte em criancas e adultos (Roy et al.,
2013). Os mecanismos de lesdo hepética na dengue podem estar relacionados aos efeitos
diretos do virus ou por consequéncia da resposta imune do hospedeiro no tecido hepatico,
levando ao comprometimento circulatério, acidose metabolica, hipdxia por hipotenséo e/ou
derrame vascular (Itha et al., 2005) Nossos resultados demostraram que cerca de 41.5%
(39/94) dos pacientes apresentaram niveis de transaminases acima dos valores normais,
destes 51.3% (20/39) eram de pacientes DCSA/DG. As diferentes variagdes nos niveis das

transaminases durante a dengue ndo estdo completamente elucidadas. No presente estudo
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ndo foram observadas diferencas estatisticas significativas nos niveis de AST/ALT entre as

epidemias.

O reconhecimento das diferencas hematoldgicas e bioquimicas entre pacientes
com dengue e com outras doencas febris, é estrategicamente um grande aliado na
identificacdo de pacientes com potencial de desenvolver a forma grave da doenca. A fase
clinica inicial da dengue muitas vezes é confundida com outras doencas febris, gerando
davidas no momento da gestdo clinica e vigilancia da doenca. Neste sentido, Tanner et al.
(2008) demostraram que diferencas hematoldgicas poderiam ser usadas como ferramentas
para diferenciar a dengue de outras doencas febris em amostras colhidas precocemente.
Curiosamente, eles também demostraram que é possivel prever o eventual aparecimento de

trombocitopenia atraves da utilizacéo de algoritmos.

Ao comparar os dados analisados neste estudo observamos uma clara diferenga nos
parametros hematoldgicos e bioguimicos entre os pacientes com diferentes formas clinicas
da doenca e pacientes portadores de outras doencas febris (ODF). O reconhecimento destes
parametros contribui para que medidas de suporte possam ser tomadas a fim de evitar o
aumento da morbidade e mortalidade pela dengue. E necessario um estudo mais
aprofundado para esclarecer essas questdes tdo importantes, pois as respostas tém grande
impacto na pratica da medicina em epidemias de dengue distribuidas em todo o mundo,
principalmente em areas tropicais onde tais epidemias geram grandes impactos sdcio-

econdmicos.

5.6. Andlise da infec¢do “in vitro” de células dendriticas humanas por distintas
linhagens do gendtipo Sudeste Asiatico/Americano de DENV-2 circulantes no Brasil.

(Artigo 6)

As DCs sao fundamentais na inducdo da resposta imune inata e direcionam as
resposta adaptativas através da apresentacdo de antigenos e da producgdo de citocinas
(Lipscomb and Masten, 2002). As DCs constituem uma distinta linhagem celulas
monucleares fagociticas especializadas na apresentacao antigenica aos linfdocitos T e B.
Uma vez em contato com o patogeno, as DCs passam pelo processo de maturagao que

culmina com a eficiente apresentagao antigenica e producao de citocinas. As citocinas
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produzidas pelas DCs se tornan parte do microambiente que induz respostas imunes
capazes de estimular o desenvolvimento de linfocitos T efetores (Reis et al., 2006).
Devido ao aumento no namero de casos graves associados a infeccdo pelos DENV. A
utilizacdo de métodos “in vitro” tornou-se uma importante ferramenta para o entendimento
da patogénese da dengue. A falta de modelos animais que reproduzam a forma grave da
doenca levou ao desenvolvimento de modelos in vitro utilizando linhagens humanas
primarias, como mondcitos e células dendriticas diferenciadas (MoDC) e ainda linhagens
endoteliais, capazes de produzir citocinas e fatores solGveis quando infectadas pelo DENV.
No presente estudo, duas linhagens de DENV-2 originarias de pacientes brasileiros foram
testadas quanto a capacidade de replicacao em MoDC em PBMCs de doares saudaveis.
Embora varios estudos in vitro ja tenham sido realizados utilizando MoDC, a maioria
destes utilizam cepas asiaticas (Gandini et al., 2011) e, estudos com cepas brasileiras, sdo
£scassos.

Em 2008, o Brasil experimentou mais grave epidemia de dengue (Teixeira et al.,
2009). Apods a re-emergéncia do DENV-2 em 2007, ocorreu uma mudanca no perfil da
doenca, um estudo realizado com amostras dos 20 anos de circulagdo dos DENV-2 no
Brasil, detectou a presenca de uma nova linhagem do genotipo Sudeste Asiatico do DENV-
2, essas amostras pertencem a uma linhagem diferente das primeiras amostras introduzidas
no Brasil nos anos de 1990 (linhagem I) (Faria et al., 2013). A partir desses achados nds
realizamos a infeccdo “in vitro” de MoDCs, utilizando as duas diferentes linhagens de
DENV-2 do gendtipo Sudeste Asiatico com intuito de identificar diferencas e semelhangas
entres elas. Dados prévios do nosso grupo demonstraram que as DCs sdo alvos da infeccéo
pelo DENV, com pico de infeccdo em 24 h e significativas taxas de infeccdo 48 h ap0s
infeccdo (Gandini et al., 2011). Desta forma, para as comparacOes entre as taxas de
replicacdo/deteccdo das cepas virais nas células, o ponto de 48 horas apos a infec¢do foi

escolhido.
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Observamos atraves de citometria de fluxo e de real time PCR que as ambas as
linhagens de DENV-2 sdo capazes de infectar e multiplicar em MoDCs, corroborando
estudos prévios (Gandini et al., 2011; Silveira et al., 2011; Wu et al., 2000).

As DCs passam por varias mudancas feno tipicas durante as infe¢fes virais com
expressao de moléculas de superficie relacionadas a apresentacdo antigénica as células T e
também com as respostas celulares efetoras . TRAIL (ligante indutor de apoptose
relacionado ao fator de necrose tumoral), € uma molécula proapoptética, que induz a morte
de células que expressam o0s seus receptores de morte (DR), DR4 e DR5 (Sheridan et al,
1997; Wu et al., 1997). Lu e colaboradores demostraram que as DCs expressam TRAIL
quando ativadas (Lu et al., 2002). Interessantemente, MoDCs expressam TRAIL e exibem
atividade citotoxica contra células tumorais (Liu et al., 2001). Pouco se sabe sobre o papel
do TRAIL durante a infec¢do pelo DENV. Warke e colaboradores demonstraram acao anti
viral desta molécula em DCs infectadas com DENV in vitro (Warke et al., 2008).
Interessantemente, Gandini e colaboradores demonstraram maiores niveis circulantes de
TRAIL em pacientes brandos (Gandini et al., 2013).

OXA40L expresso em DCs (Oshima et al., 1997), pode contribuir para a polarizacao
da resposta imunoldgica TH-2 o através do aumento da inducdo de IL-4 e IL-13,
suprimindo o IFN-y depois da ligagdo ao OX40 em células T (Ohshima et al., 1998;
Delespesse et al., 1999). Por fim, ndo observamos diferencas na expressdo de OX40L ou
na expressao de TRAIL entre as MoDCs infectadas pelas linhagens | e Il. Embora, ambas
linhagens tenha sido capazes de aumentar a expressdo de TRAIL e OX40L nas DCs
infectadas, ndo observamos diferenca estatistica provavelmente devido ao pequeno numero
de doadores testados.

Maiores niveis circulantes de mediadores inflamatérios (citocinas e
quimiocinas) sdo detectados em pacientes graves, sugerindo que as formas graves da
doenca, se manifestam em um contexto de amplificacdo da producéo de citocina, chamada
de tempestade de citocinas, que atinge o epitélio endotelial causando aumento da
permeabilidade vascular (Costa et al., 2013). Neste context, altos niveis de TNF-a sao
encontrados na FHD e nos pacientes apresentando manifestacdes hemorragicas (Braga et
al., 2001) (Costa et al., 2013). Os niveis circulantes das IL1p, 4, 6, 10 18, TGF-p também
encontram-se elevados em pacientes infectados com diferentes sorotipos e manifestagdes
clinicas graves (Srikiatkhachorn and Green, 2010). Além destes mediadores, as
quimiocinas MCP1/CCL2, MIP1a/CCL3, IL8/CXCL-8 e IP-10/CXCL10 sdo importantes
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mediadores inflamatdrios e sdo frequentemente associadas com a gravidade da infecgédo
pelo dengue em pacientes (Bozza et al., 2008; Lee et al., 2006).

As citocinas e quimiocinas foram quantificadas nos sobrenadantes das culturas
de MoDCs infectadas. Nds observamos que ambas as linhagens foram capazes de induzir a
producéo de citocinas (IL-1p, IL-1ra, IL-6, TNF-a) e de quimiocinas (MCP-1 e MIP-1p).
N&o observamos diferencas significativas entre as linhagens entre si, e diferencas
significativas s0 foram observadas nas analises entre o0 MOCK e as linhagens
separadamente. De fato, diversos estudos reportaram producdo de TNF- o, IL-6 por DCs
expostas ao DENV (Ho et al., 2001; Libraty et al., 2001; Palmer et al., 2005). Quimiocinas
e outros mediadores inflamatorios com importantes papéis na patogénese e imunidade
(Lusso, 2000; Rossi and Zlotnik, 2000) também foram secretados in vitro por diversas
células humanas depois da infeccdo pelo DENV (Chen and Wang, 2002; Lin et al., 2005).

A quantificacdo da proteina NS1 foi realizada nos sobrenadantes das culturas
infectadas, e ap0s andlise observamos niveis mais elevados na linhagem Il comparados a
linhagem |, apresentando (p=0.0024). Esses resultados corroboram nossos dados prévios.
De fato, demonstramos que pacientes com dengue apresentando manifestacdes clinicas
mais graves, originarios da epidemia de 2010 e circulacdo dos sorotipos DENV 1 e 2
apresentaram altos niveis circulantes de NS1 (Faria et al., 2016). Além disso, um caso fatal
em que isolamos cepa DENV-2 e posteriormente sequenciamos e caracterizamos a
linhagem 11 apresentou maiores niveis circulantes de NS1 (275 ng/mL) (manuscrito
submetido).

Estudos prévios tem demonstrado o envolvimento da proteina NS1 na gravidade da
dengue (Paranavitane et al, 2014;. Beatty et al, 2015). Na sua forma secretora a NS1
(sNS1) transporta lipideos, este fato tem gerado muitas especulagdes entre diversos grupos
de pesquisa, tem se pensado que esse transporte tem muitas implicagdes na patogénese da
doenca, pois as lipoproteinas sdo importantes nas vias de coagulacdo e estdo associadas
com a inflamagdo vascular (Gutsche et al., 2011). Beatty et al (2015), mostraram
recentemente que a NS1 de todos os quatro sorotipos dos DENV, induziram um

extravazamento vascular em um modelo animal (camundongos) infectados pelos DENV
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pela inducdo da disfungdo da barreira endotelial (Beatty et al., 2015). Modhiran et al
(2015), também demonstraram que a NS1 do DENV estimulou a producéo de citocinas a
partir de células da imunidade inata, agindo através de receptor Toll-like (TLR) -4
(Modhiram et al., 2015).

Por fim, observamos neste estudo que as MoDCs infectadas com as linhagens | e 11
do DENV-2 Sudeste Asiatico foram permissivas a infec¢do pelo DENV in vitro e capazes
de produzir citocinas e quimiocinas envolvidas com a patogénese da dengue. De fato, o
sequenciamento de ambas linhagens demostrou a presenca de uma asparagina (N) na
posicdo E390, previamente caracterizada como um provavel marcador viral de FHD em
cepas de origem asiatica (Faria et al., 2013; Leitmeyer et al., 1999). Desta forma, estes
resultados sugerem que ambas linhagens de DENV-2 possuem potencial no
desenvolvimento das formas mais graves de dengue. No entanto, fatores decorrentes do
hospedeiro, em especial as caracteristicas decorrentes de cada doador utilizado neste
estudo também contribuem para a variabilidade nas repostas conforme observado por
outros grupos (Deauvieau et al., 2007; Nightingale et al., 2008). Interessantemente,
culturas infectados com a linhagem Il apresentaram maiores niveis de NS1 em
concordancia com o papel desta proteina na imunopatologia da dengue. NO0ssO
conhecimento sobre mecanismos virologicos e imunologicos e o defecho na gravidade da
doenca € ainda limitado e varios aspectos importantes precisam ser esclarecidos. No
entando, acreditamos que nossos resultados abrem novas perspectivas sobre o papel da NS1
e de diferentes cepas brasileiras na patogenese da doenca que poderao ser importantes na

prevensao de casos graves em areas de risco.
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6.

Conclusodes

6.1. Vinte anos de atividade do DENV-2 no Brasil: caracterizacdo molecular e

filogenia de cepas isoladas entre 1990 e 2010.

A andlise filogenética das cepas de DENV-2 isoladas no pais nos dltimos 20 anos
demonstrou a circulagdo de um Unico gendétipo (Sudeste Asiatico) de DENV-2,
ressaltando a importancia deste tipo de estudo na identificacdo de gendtipos
comumente associados a gravidade da dengue ;

As cepas de DENV-2 do periodo 1990-2003 pertencem ao genétipo do Sudeste
Asiatico, Linhagem | enquanto que as cepas isoladas ap6s a reemergéncia deste
sorotipo em 2007 pertencem ao gendtipo Sudeste Asiatico, Linhagem II, a presenca
de diferentes linhagens nos periodos estudos indica que ocorreu uma substituicao de
linhagens e que as mesmas ndo cocircularam nos periodos epidémicos;

As cepas de 1990 a 2003 analisadas neste estudo foram mais similares as cepas de
referéncia BR64022/98 e Jamaica/83, enquanto que as cepas isoladas, entre 2007 e
2010, foram mais similares com a cepa DR59/01 proveniente da Republica
Dominicana;

O percentual de similaridade entre as cepas de DENV-2 do periodo de 2007 - 2010
e a cepa isolada na Republica Dominicana em 2001 e Porto Rico em 2005,
combinado ao percentual de divergéncia com as cepas introduzidas no pais na
década de 90 sugerem que estes virus ndo sofreram uma evolucdo local, mas que
foram introduzidos, provavelmente importados do Caribe;

N&o foi possivel associar as alteraces de aminoacidos encontradas nos isolados de
DENV-2 com as diferentes formas clinicas apresentadas em especial como quadro

mais grave da doenca;
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6.2. Dengue grave associada a idade e a nova linhagem do DENV-2 no Rio de

Janeiro Brasil.

Altos niveis de viremia e de gravidade da doenca foram observados em individuos
infectados pela Linhagem IlI, resultado concordante com os disponiveis na
literatura;

E possivel que a sequéncia de introducdo ou reemergencia dos diferentes sorotipos
de DENV possa ter influenciado na gravidade da doenca;

Com a reemergencia do DENV-2 linhagem Il foi possivel observar um aumento em
duas vezes na ocorréncia de casos graves;

A presenca de infeccdo secundaria ndo foi correlacionada com a gravidade da
doenca;

Individuos com idade < 15anos ¢ infectados com DENV-2 do gendtipo Sudeste
Asiatico linhagem 11, apresentaram altos niveis de viremia , sugerindo que esses
altos niveis estariam associados ao aumento da gravidade da dengue em individuos
infectados pela nova linhagem e com idade < 15anos ;fec¢do pela nova linhagem
introducdo da nova linhagem;

Os niveis de viremia em individuos infectados pela linhagem Il foram maiores do
que os niveis encontrados nos individuos infectados pela linhagem I, ressaltando a
importancia da quantificacdo precoce de niveis de viremia em associacdo ao

desenvolvimento das formas graves da dengue.
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6.3. Epidemia de dengue em dois periodos distintos revelam aspectos
epidemiologicos, laboratoriais e clinicos em um mesmo cenario: analise das epidemias

ocorridas em Mato Grosso do Sul e, 2010 e 2013.

e O MAC-ELISA foi a técnica que confirmou o maior nimero de casos de dengue,

reforcando a importéancia do teste sorol6gico no diagndstico confirmatorio;

e A dissociacdo acida das amostras da epidemia de 2013, aumentou a detec¢do do
antigeno NS1 em 22%, procedimento oque influenciou no diagnéstico soroldgico

de pacientes infectados principalmente com DENV-4;

e Pacientes infectados pelos DENV-1/2 (2010) apresentaram menores contagens de
plaquetas e leucdcitos, maior nimero de hospitalizacbes, casos graves e maior
frequéncia de sangramentos, quando comparados com pacientes infectados pelo
DENV-4 (2013), sugerindo a associagédo dos DENV-1/DENV-2 com a gravidade da

doenca;

e Altos niveis circulantes de NS1 foram observados nos pacientes DENV-1/2 e casos
graves. Além disso, uma correlacdo inversa entre os niveis de NS1 e a contagem de
plaquetas, leucdcitos e mondcitos foi encontrada, confirmando a associagdo da

proteina com a gravidade da doenca;

e Os niveis de transaminases foram mais elevados em pacientes dengue com sinais de
alarme/dengue grave, confirmando o envolvimento hepéatico na infeccdo pelos

DENV.
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6.4. Analise de alteracdes clinicas e laboratoriais relacionadas com

a

gravidade de casos de dengue: um estudo comparativo entre

sorotipos 2 e 4 no Brasil

A epidemia de 2010 apresentou o maior nimero de hospitalizagdes (45.8%),
quando comparada com a epidemia de 2013 (22.9%) provavelmente devido ao
sorotipo infectante (DENV-2) que circulou na epidemia de 2010 e que comumente
esta associado ao desenvolvimento da dengue grave, enquanto que na epidemia de
2013, causada pelo DENV-4, a maioria dos casos foram associados ao dengue
brando, sugerindo que o DENV-4 geralmente estd relacionado as manifestacdes

clinicas mais leves;

Pacientes infectados pelo DENV apresentaram altos niveis significativos dos
parametros bioquimicos e baixos niveis hematoldgicos quando comparados com
aqueles apresentados pelos pacientes ODF, dados que comprovam que as analises
bioguimicas e hematoldgicas podem ser ferramentas utéis na diferenciacdo da

infeccdo pelos DENVSs de outras doencas febris agudas;

Pacientes infectados pelo DENV-2 apresentaram baixas contagens de plaguetas
quando comparadas com pacientes infectados pelo DENV-4, ressaltando que baixa
contagem de plaquetas e infeccdo pelo DENV-2 geralmente estdo associadas a

manifestacdes clinicas mais graves;

Embora pacientes DCSA apresentassem menor contagem de leucocitos quando
comparados com pacientes DSSA ndo houve diferenca significativa entre os dois
grupos, mostrando que a baixa contagem de leucocitos € observada na maioria dos

pacientes infectados pelo DENV independente da classificacédo clinica.
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6.5. Analise da infec¢ao “in vitro” de células dendriticas humanas por distintas

linhagens do gendtipo Sudeste Asiatico/Americano de DENV-2 circulantes no Brasil.

e O DENV-2 linhagem | e o DENV-2 linhagem Il do gen6tipo Sudeste
Asiatico/Americano sdo capazes de infectar e multiplicar em MoDCs, ressaltando a

importancia dos estudos “in vitro” utilizando cepas circulantes na natureza;

e Ambas as linhagens foram capazes de induzir a producdo de citocinas e
qguimicionas, mostrando a importincia dos estudos “in vitro” para um melhor

entendimento da patogénese da dengue;

e Sobrenadantes das culturas infectadas com DENV-2 linhagem Il apresentaram
maiores niveis de NS1 em concordancia com dados prévios da literatura que
demonstraram a associacdo da NS1 e da linhagem de DENV-2 com a gravidade da

dengue.
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7. Perspectivas

O aumento da frequéncia e da intensidade das epidemias de dengue ocorridas nos
ultimos anos e a recente introducao dos virus Chikungunya (CHIKV) e virus Zika (ZIKV),
devem se a vérios fatores, principalmente aos associados a intensificacdo do processo de
urbanizacdo, a falta ou irregularidade do abastecimento de dgua potéavel e a deficiéncia na
coleta de lixo. O reconhecimento dos sorotipos/genotipos dos DENV, ZIKV e CHIKV e
suas origens fornecem subsidios para que se possam monitorar as cepas mais virulentas na
vigéncia de epidemias auxiliando na adocéo das medidas de controle. A rapida evolucdo do
DENV, CHIKV e ZIKV indica que a andlise genética viral constitui um componente
essencial para o entendimento de suas epidemiologias, caracterizando fatores que levam a

transmisséo e dispersao viral (Heesterbeek et al. 2015).

A identificacdo de marcadores associados a gravidade e a letalidade por DENV,
ZIKV e CHIKYV podera auxiliar nos estudos de imunopatoldgicos e, consequentemente, no
impacto dos surtos e epidemias em uma dada comunidade. Visamos, portanto, realizar a
caracterizacdo molecular, analise filogenética e estudos “in vitro” de cepas de DENV,
ZIKV e CHIKV detectadas a partir de casos ocorridos no pais. Além disso, associar
sorotipos/genétipos com as manifestagdes clinicas, laboratoriais e imunoldgicas
apresentadas pelos pacientes. Constituem se como perspectivas, identificar possiveis
biomarcadores relacionados ao hospedeiro e aos virus capazes de predizer um risco
aumentado de desenvolvimento de formas graves da doenca e de, consequentemente,
contribuir para as decisOes terapéuticas mais precoces. A identificacdo destas
caracteristicas podera nortear o desenho racional de terapias antivirais/ e ou
imunomodulatorias, que possam também contribuir para a prevencdo de formas graves
apresentadas pela infeccdo pelos DENV, ZIKV e CHIKV, tendo em vista as varias lacunas

ainda existentes no conhecimento acerca, principalmente, das duas Gltimas arboviroses de
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impacto. O impacto das epidemias causadas pelos DENV, CHIKV e ZIKV para a
infraestrutura da satde puablica brasileira, turismo e economia esta aumentando e ja foi

reportado (Teixeira et al., 2013).

Diante da problematica que atualmente vive o pais, com a ocorréncia de epidemias
simultaneas das trés arboviroses e o desconhecimento de como estd cocirculacdo podera
influenciar na gravidade da doenca, mais estudos sdo necessarios, especialmente sobre a
co-infeccéo e o efeito da infeccdo sequencial com diferentes virus. Nossos estudos poderao
auxiliar no esclarecimento da patogénese induzida por estas trés arboviroses, nos
mecanismos associados a resposta imune do hospedeiro bem como, no entendimento da

influéncia do vetor na selecéo das variantes genéticas.
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9. Anexos
9.1. Outras produgdes geradas durante a tese:

Artigo 7: Dengue virus type 4 in Niterdi, Rio de Janeiro: the role of molecular techniques

in laboratory diagnosis and entomological surveillance.

Artigo 8: Evaluation of a generic RT-nested-PCR for detection of flaviviruses in suspected
fatal cases of dengue infection, Rio de Janeiro, Brazil.
Artigo 9:A review on dengue diagnosis and epidemiology by a regional reference

laboratory from 1986 to 2011, Rio de Janeiro, Brazil.

Artigo 10: Impact of the emergence and re-emergence of different dengueviruses’

serotypes in Rio de Janeiro, Brazil, 2010 to 2012.

Artigo 11: Insights of the genetic diversity of DENV-1 detected in Brazil in 25 years:

Analysis of the envelope domain I11 allows lineages characterization.

Capitulo de livro: Advances in Medicine and Biology - Chapter Title: Molecular Biology
Approaches For Dengue Diagnosis And Research in Brazil: an overview.
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Artigo 7: Dengue virus type 4in Niterdi, Rio de Janeiro: the role of molecular
techniques in laboratory diagnosis and entomological surveillance. (Artigo 9)

Classificacdo QUALIS: Aréa de Medicina Il — B2

Referéncia: Castro MG, Nogueira RM, Filippis AM, Ferreira AA, Lima Mda R, Earia
NR, Nogueira Fde B, Simdes JB, Nunes PC, Sampaio SA, Lourenco-de-Oliveira R, Santos
FB.

Resumo: In Nitero6i, state of Rio de Janeiro, dengue virus type 4 (DENV-4) was isolated
for the first time in March 2011. We analysed the laboratory findings of the first cases and
evaluated the use of molecular techniques for the detection of DENV-4 in Aedes aegypti
that were field-caught. Conventional reverse transcriptase-polymerase chain reaction (RT-
PCR) and Simplexa™ Dengue real-time RT-PCR confirmed DENV-4 infection in all
cases. Additionally, DENV-4 was confirmed in a female Ae. aegypti with 1.08 x 10(3)
copies/mL of virus, as determined by quantitative real-time RT-PCR. This is the first time
the Simplexa™ Dengue real-time assay has been used for the classification of cases of
infection and for entomological investigations. The use of these molecular techniques was

shown to be important for the surveillance of dengue in humans and vectors.
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Dengue virus type 4 in Niter6i, Rio de Janeiro: the role of molecular
techniques in laboratory diagnosis and entomological surveillance

Marcia Gongalves de Castro', Rita Maria Ribeiro Nogueira’, Ana Maria Bispo de Filippis®,
Anielly Alves Ferreira', Monique da Rocha Queiroz Lima?, Nieli Rodrigues da Costa Faria?,
Fernanda de Bruycker Nogueira’, Jaqueline Bastos Santos Simoes®, Priscila Conrado Guerra Nunes?,
Simone Alves Sampaio’, Ricardo Lourenco-de-Oliveira', Flivia Barreto dos Santos?/*

'Laboratério de Trasmissores de Hematozodrios “Laboratério de Flavivins, Instituto Oswaldo Cruz-Fioruz, Rio de Janeiro, R}, Brasil

In Niteroi, state of Rio de Janeiro, dengue virus type 4 (DENV-4) was isolated for the first time in March 2011.
We analysed the laboratory findings of the first cases and evaluated the use of molecular techniques for the detection
of DENV-4 in Acdcs acgypti that were field-caught. Conventional reverse transcriptase-polymerase chain reaction
(RT-PCR) and Simplexa*™ Dengue real-time RT-PCR confirmed DENV-4 infection in all cases. Additionally, DENV-
4 was confirmed in a female Ac. acgypti with 1.08 x I(F copiesimL of virus, as determined by quantitative real-time
RT-PCR. This is the first time the Simplexa™ Dengue real-time assay has been used for the classification of cases
of infection and for entomological investigations. The use of these molecular technigues was shown to be important
Sor the surveillance of dengue in humans and vectors.

Key words: dengue virus type 4 - dedes aegypti - RT-PCR - real-time RT-PCR - Simplexa™ Dengue real-time RT-PCR

Dengue 1s widespread in the tropical and sub-tropi-
cal arcas of Asia. Africa and the Americas and the trans-
mission of the virus is primanily associated with dedes
aegypti. In Brazil, a dengue outbreak that was caused by
dengue virus (DENV) type | and DENV-4 was reported
in 1981-1982 in a city in the Amazon Region (Osanai ct
al. 1983). However. it was only after DENV-1 was intro-
duced in Rio de Janciro (RJ) in 1986 (Schatzmayr et al.
1986) that the discase became a nationwide public health
problem. Additionally. a virological and entomological
program was cstablished to monitor DENV in human
sera and vectors in 1986 (Nogucira ct al. 1988, 1999,
Lourengo-de-Oliveira et al. 2002). RJ has assumed an
important role in the epidemiology of dengue, with the
first case of DENV-2 identified in 1990 (Nogucira ¢t al.
1993) and the first case of DENV-3 identified in 2000
(Nogueira et al. 2001).

DENV-4 was reintroduced into Brazil in 2010 in the
municipalitics of Boa Vista and Canta, state of Roraima
(RR) (Temporao et al. 2011). The virus then spread to the
different regions of Brazil. Cases of infection have been
identified in northern, northeastern and southeastern Bra-
zil (MS/SVS 2011). Sequencing of the viral isolate genom-
s revealed that the DENV-4 Brazilian strains belonged to
genotype 11 (de Sousa et al. 2011). In RY, the first DENV-4
cases that were detected occurred in the Cafuba neigh-
bourhood. Cafuba is located in the occanic region of the
municipality of Niteroi which is located in the metropoli-
tan region of RJ. Brazil (Nogueira & Eppinghaus 2011).
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The entomological surveillance of DENV in adult
and immaturc mosquito stages is an important tool for
the carly prediction of dengue epidemics. Additionally,
the virological surveillance of ficld-caught dengue vee-
tors using molecular techniques, such as conventional
reverse transcriptasc-polymerase chain reaction (RT-
PCR), has been useful for the rapid detection of dengue
outbreaks in endemic regions and/or for the detection of
the introduction of novel DENV variants (Chow et al.
1998, Pinheiro et al. 2005, Mendez ct al. 2006, Chen ct
al. 2010, Guedes et al. 2010).

In this study, we aimed to characterise the first DEN V-
4 cases and demonstrate the role of rapid molecular
techniques. such as conventional RT-PCR and real-time
RT-PCR. in the entomological surveillance of the newly
introduced DENV-4 variant in vector populations from
Niteron after it was isolated from humans. Furthermore,
we evaluated a real-time PCR commercial kit that has
recently become available for the detection and typing of
DENYV in serum samples and mosquito macerates.

Human serum samples were obtained dunng a surveil-
lance program of the Laboratory of Flavivirus, Oswaldo
Cruz Institute, Oswaldo Cruz Foundation (Fiocruz), RJ.
This program was an on-going project that was approved
by the Fiocruz Ethical Committee in Rescarch (CEP
274/03, resolution CSN196/96), Ministry of Health.

The investigation of DENV-4 cases was performed
during the RJ DENV-1 epidemic in 2011. The first two
confirmed cases were two sisters who lived in the Ca-
fuba neighbourhood of Niteroi. Both experienced an
onset of symptoms on March 6 2011 (Nogucira & Ep-
pinghaus 2011). We mvestigated nine other suspected
cases of individuals who experienced an onsct of symp-
toms from March 23 2011-April 11 2011 and who lived
in Cafuba, Sao Francisco, Sdo Domingos and Engenho
do Mato (Fig. 1A).
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Fig. |: dengue vires type 4 (DENV-4) imroduction in Niterdn, state of
Rio de Janciro, Brazil, 2011. A: Niterdi neighbourboods with DENV-
4 confirmed cases. Dates shown are DENV-4 confirmed cases in the
different neighbourhoods; B: entomological survesllance in the Sdo
Domingos neighbourbood. White crosses represent the four collee-
tion sites within an area with confirmed DENV-4

Ae. aegypti adult mosquitoes were collected at mine
residential and non-residential sites (Sio Domingos)
where DENV-4 human cases had been confirmed. The
collection of the mosquitoes was performed at four sites
(Fig. 1B) on May 4 2011, using battery-operated aspira-
tors. Mosquitocs were anacsthetised at 4°C, identified.
sexed and stored 1n liquid nitrogen on the same day of
collection. Seventy-two Ae. aegypri (33 females and 39
makes) adult mosquitoes were collected. Of these mos-
quitoes, 47 (18 females and 29 males) were collected
from a single site in a village-like residential arca (site
#1) that was comprised of six houses. Ae. aegypti were
individually macerated in 1 mL of Leibovitz L-15 me-
dium (Sigma) with antibiotics (penicillin-streptomycin,
10,000 units; Invitrogen) and centrifuged (6,000 rpm at
4°C for 30 min). The supernatant was then transferred
to an Eppendorf tube that contained 100 mL of strepto-
mycin/fungizone and penicillin. The tube was kept in
an ice bath for 1 h and centrifuged (3.000 rpm at 4°C for
15 min). The supernatant was then transferred to an Ep-
pendorf tube that contained 0.3 mL of foctal calf serum
(Invitrogen) and frozen (-70°C).

Virus isolation was performed by inoculating the
C6/36 Aedes albopictus cell line (Igarashi 1978) and the
viral isolates were identified by an indirect fluorescent
antibody test using scrotype-specific monoclonal an-
tibodies (Gubler et al. 1984). Infected supernatant was
clarificd by centrifugation and the virus stocks were
stored in [-mL aliquots at -70°C until use.

Viral RNA was directly extracted from mosquito mac-
erates using the QlAamp Viral RNA Mini kit (Qiagen) ac-
cording to the manufacturer’s instructions. The RNA was
stored at -70°C for DENV detection and genotyping.

RT-PCR for the detection and genotyping of DENV
was performed as described previously (Lanciotti ¢t al.
1992). DNA products of a size unique to DENV-4 (392
bp) were amplified and then analysed by agarose gel
clectrophoresis and cthidium bromide staining.

For the gquantification of the virus, the RNA that
was isolated from the individually macerated Ae. ae-
Zypti mosquitocs was subjected to a quantitative real-
time RT-PCR according to the protocol described by
Drosten et al. (2002).

Simplexa*™ Dengue real-time RT-PCR - For the qual-
itative detection and typing of the viral isolates, the RNA
from individually maccrated Ae. aegypti mosquitoes was
subjected to the Simplexa™ Dengue real-time RT-PCR
assay (Focus Diagnostics, Cypress, CA) according to the
manufacturer’s protocol. The assay uses the 3M Integrat-
ed Cycler instrument for the in vitro detection and geno-
typing of DENV-1 through DENV-4. The assay is based
on a real-time RT-PCR that detects DENV-1 and DENV-
4 in one reaction and detects DENV-2 and DENV-3 in
a scparate reaction. The assay uses bi-functional fluo-
rescent primer-probes and reverse primers for the fol-
lowing specific regions of DENV: DENV-1 (NS5 gene),
DENV-2 (NS3 gene), DENV-3 (NS5 gene) and DENV-4
(capsid gene). An internal RNA control 1s used to moni-
tor the efficiency of the extraction process and to detect
RT-PCR inhibition. In real-time RT-PCR, a positive re-
action is detected by the accumulation of a fluorescent
signal. The cycle threshold (C1) 1s defined as the number
of cycles that are required for the fluorescent signal to
cross a particular threshold exceeding the background
level. Ct values are inverscly proportional to the amount
of target nucleic acid present in the sample. Therefore,
the lower Ct value, the greater the amount of target nu-
cleic acid that 1s present in the sample. The Simplexa™
Dengue real-time RT-PCR assay stipulates 40 cycles of
amplification. The Simplexa'™ Dengue kits from Focus
Diagnostics were kindly provided for the evaluation. The
evaluation was performed for rescarch purposes only and
the authors have no competing financial interests.

Anti-dengue IgM antibodics in human scrum were
measured using the commercially available Panbio Den-
gue IgM capture ELISA. The results were classified as
positive. negative or equivocal according to the manu-
facturer’s instructions,

For the NSI antigen capture. two commercial kits
were used for the analysis of human serum and mac-
crates. The Platelia™ Dengue NS1 Ag ELISA (Biorad
Laboratories, Marnes-La-Coquette, France) 1s a onc-
step. sandwich format microplate enzyme immunoassay
that 1s used to detect the DENV NSI antigen in human
scrum or plasma. The Dengue NS1 Ag STRIP (Biorad
Laboratories. Marnes-La-Coquette, France) 1s an im-
munochromatographic test for the rapid detection of the
NS antigen. This assay was performed according to the
manufacturer’s protocol.

During March and April 2011, a total of 11 DENV-4
cases were confirmed using the following routine labo-
ratory diagnostic techniques: MAC-ELISA, NSI capture
ELISA and rapud test, virus isolation and conventional
RT-PCR. Two of the first cases were previously analy-
sed. both consisting of individuals who experienced an
onsct of symptoms on March 6 2011 (Nogucira & Ep-
pinghaus 2011). Three of the other cases occurred in the
same neighbourhood as the first cases (Cafuba). three
cases occurred in Sdo Domingos. two in Sdo Francisco
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and onc occurred in Engenho do Mato (Fig. 1A). The
age of the paticnts ranged from 14-46 years (mean + 24.7
years). Six patients were male and three were female. All
paticnts had acute mnfections (up to 4 days of infection)
and two of the ninc paticnts (22.2%) were positive by
MAC-ELISA. The isolation of virus was possible in five
out of ninc patients (55.5%) and all patients were positive
by conventional RT-PCR. Four patients (44.4%) were
positive when analysed by both the NSI capture ELISA
and the NS1 Ag Strip test. We further analysed all cases
using the Simplexa™ Denguc real-time RT-PCR assay
and all of the cases (99) were confirmed as DENV-4
using this method (Table). Ct values that were obtained
from the DEN V-4 human samples ranged from 16.8-35.1
(mean = 25.0) (Fig. 2).

Because of the establishment of a sentinel network
for DENV surveillance, which includes blood collections
from febrile cases for virus detection, in 1986 in Niteron,
it was possible to detect the introduction of DENV-2
and DENV-4 into the human population carly, in 1990
and 2011, respectively (Nogueira et al. 1990, Nogucira
& Epppinhaus 2011). Immediately after DENV-4 was
isolated. an intensive study was conducted to monitor
the distribution of the virus. Ninc other DEN V-4 cases
from the neighbourhoods of Cafubd, Sao Francisco. Sio
Domingos and Engenho do Mato were confirmed by
laboratory analysis (Fig. 1A).

The development of conventional RT-PCR and real-
time RT-PCR techniques has significantly reduced the
processing time required to permit the detection of both
the virus in the cary stages of the infection in humans
and its transmission by viral vectors. The DENV-4 cascs
that were investigated in this study were initially de-
tected by conventional RT-PCR, which 1s established as
a routine diagnostic test for all suspected acute dengue
cases. Conventional RT-PCR results arc usually released
24-48 h after samples are received in the laboratory. Ad-
ditionally, for novel serotypes, all DENV-4 cases were
re-tested separately using genotyping primers to con-
firm the new genotype. Concomitantly, cases were sub-
Jected to MAC-ELISA, NSI ELISA and virus isolation.
Because the cases studied consisted of paticnts in the
acute phasc of discase, MAC-ELISA was able to con-

firm only two out of nine cases. Samples were obtained
from both of these patients within four days after the
onsct of symptoms, Samples from all of the other cases
were acquired within the first and second days after the
onsct of symptoms. The most common technique used to
serologically diagnose denguc 1s still based on the detec-
tion of anti-DENV IgM using MAC-ELISA (Huang et
al. 2001). However, one of the limitations of this method
is that there are variations in the detection rate during
the acute phase of discase.

A previous study showed that the NS1 capture ELI-
SA has a higher detection rate during the first four days
after the onsct of symptoms compared with the MAC-
ELISA (Lima ct al. 2010). In this study, both of the NSI
tests confirmed four out of the nine cases up until the
fourth day after the onsct of symptoms. During the acute
phasc of discase, the NS1 protein exists as a secreted and
membranc-associated protein. Both forms of the protein
have been demonstrated to be immunogenic (Young ct
al. 2000). High levels of NSI have been demonstrated
to circulate during the acute phase of dengue infection
and they are found in the serum of patients with both
primary and secondary DENYV infections until the ninth
day after the onset of symptoms ( Young ct al. 2000).
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Fig. 2 Simplexa™ Dengue real-time reverse transcriptase-poly-

merase chain reaction amplification on dengue type 4 cases (n = 9)

from Niteros, state of Rio de K Brazl ding to the b

of days afler the onset of the symptoms. Cycle threshold (Ct) values

are shown. NA: not available.

TABLE
Human dengue virus type 4 cases laboratorial investigation in Niterok, state of Rio de Janciro, Brazil
Newly available
Routine laboratorial diagnosis methodologies diagnosis methodology
positive/tested positive/tested
Virus NSl NSI Ag Conventional ~ Simplexa™ Denguc

Denguc cascs MAC-ELISA solation ELISA STRIP RT-PCR real-time RT-PCR
Males (n=6) 26 46 36 26 66 o6

Females (n = 3) 03 13 13 23 33 33

Total [n (%)] 29(22.2) 39 (35.5) 490444) 40444 99 (100) 99 (100)

RT-PCR: reverse transcriptase-polymerase chain reaction.
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Despite the increased time required to produce a
final result, virus isolation is still the “gold-standard™
technique for the diagnosis of dengue infection. After
the inoculation of C6/36 cells with the viral isolates,
DENV-4 could be recovered and genotyped in five of
the human cases. This technique is important because
virus can be isolated from the supernatant and used for
molecular epidemiologic studies by partial or complete
viral genome sequencing. Sequencing and phylogenetic
analysis have characterised Brazilian DENV-4 as be-
longing to genotype 11 (de Sousa et al. 2011).

All individual macerates were initially subjected to
conventional RT-PCR, virus isolation and Simplexa™
Dengue real-time RT-PCR. Of the 19 total adult mos-
quitoes (13 maks and 6 females) that were collected,
DENV-4 was identificd by conventional RT-PCR in a
single female de. aegypti mosquito (1/72; 1.4%) that was
captured in one of the residences (15.2). Duc to the nature
of the genctic material of these mosquitoes. there were
many non-specific bands that were visualised on the
agarose gel (Fig. 3); therefore, all of the macerates were
scparately retested using conventional RT-PCR with all
four typing primers (TSI, TS2, TS3 and TS4). The same
Ae. aegypti female, designated 15.2.4/11, was also the
only mosquito that was found to be positive for DENV-
4 when all macerates were subjected to the Simplexa™
Dengue real-time RT-PCR assay and the mosquito was
identified as having a Ct value of 23.5 (Fig. 4). No vi-
ruscs were recovered from any of the 72 macerates when
viral isolation using C6/36 cells was attempted. Real-
time RT-PCR detected 1.08 x 10° copics/mL of DENV-4
in the maccrate from the single de. aegypti female that
was naturally infected.

A single Ae. aegypri female collected at a residence
in site #1 was identified to be positive for DEN V-4 infec-
tion by molecular techniques. Additionally, we performed
both a NSI capture ELISA and a NS1 Ag Strip test on
all of the 47 macerates that were available from the same

Fig. 3: conventional reverse transcnptase-polymerase chain reaction
agarose gel electrophoresis analysis from deder acgypti adult mos-
quitoes, individually maceratod from the entomological surveillance
performed in mine residential and non-resadential locations in the Sio
Domingoes acighbourhood, Niterci, state of Rio de Janeiro, Brazil
in 2011, Lanes 1, 14, 15, 25: 100 bp molecular weight {Invitrogenk
2-12, 16-19: fe. aegypti macerates: 5: dengue virus type 4 (DENV-4)
positive de. aegypdi individually macerated: 13: DENV-1-4 positive
controls mix: 20: pegative control (water): 21-24: DENV-1-4 positive
controls. respectively

location. The same female mosquito (15.2.4/11) was posi-
tive by both of the NS1 tests. Interestingly, both tests also
detected NSI in a maccrate from an Ae. aegpypti make
mosquito (15.2.3). The usc of the NSI antigen capture
kit for the detection of DENV antigens from Ade. aegypti
mosquitocs has recently been demonstrated (Tan ot al.
2011). However, none of the other techniques that were
available could confirm infection or verify the infecting
scrotype. The transovarial transmission of DENV, which
occurs when the virus is transmitted to the progeny of an
infected female, has been reported previously (Khin &
Khin 1983, Joshi <t al. 2002, Le Goff et al. 2011).

DENV detection rates from Aedes mosquitoes by
RT-PCR may vary depending on the geographical loca-
tion. epidemiological background or the vector popula-
tion. In Taiwan, only 0.2% of de. aegypti females that
were analysed were positive for DENV (Chen et al.
2010). However. it has been shown that 16.1% of the
Ae. aegvpti femakes that were collected from Mexican
schools were infected with DENV (Garcia-Rejon ct al.
2011). In Brazil, previous studics showed that 17% of the
Ae. aegypti mosquitocs were infected in a DENV-3 sur-
veillance program that was initiated during an epidemic
in the city of Manaus, located in the northern region of
Brazil (Pinhciro et al. 2005). Converscly. only 0.1% of
adult mosquitoes were found to be infected with DENV-
3 in an entomological surveillance study performed in
RJ during the inter-cpidemic year of 2006 (unpublished
observations). In Recife, located in northeastern Brazil,
10% of the tested pools were infected and. despite the
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Fig. 4: Simplexa™ Dengue real-time reverse transcriptase-polymerase
chain reaction amplification oo . fedes aegyvpli mosquitoes collecied
in the neighbourhood of Slo Domingos, Niterds, state of Rio de Ja-
oeiro, Brazil and mdividually macerated. Experiment report sheet
after reaction. Samples SC-E. G, H: negative de. aegipti macerates
samples #ISLUTL #I54.2711 #ISAVIL #I53.511 and #15.467101,
respectively; SF: de. aegypti female #15.2. 411 positive for dengue
virus type 4 (DENV-4) at a cycle threshold of 23.5; red line: DENV-4
probe fluoropbore CFR61: purple line: internal control (10); green
line: probe fluorophore Q670.
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predominance of DENV-3 in human cases of dengue in-
fection, both DENV-2 and DENV-| were also detected
in mosquitoes (Guedes <t al. 2010).

During an entomological surveillance program per-
formed in RJ by our group in 2001, DENV-1 was also
detected in Ae. aegypti mosquitoes when the presence of
DENV-3 was being investigated. Likewise, DENV-1 was
also detected during a DENV-4 surveillance study in RR
in 2010 (MG dc Castro et al., unpublished observations).
It has been suggested that a predominant scrotype may
persist for one or two years until it is replaced by a new
scrotype (Chow ct al. 1998), In the present study. infec-
tion with DENV-4 in humans and mosquitoes was con-
firmed during an explosive DENV-1 epidemic in RJ, as
well as in other Brazilian states. During this epidemic,
approximately 87% of the confirmed dengue cases that
were reported in 2011 were confirmed to be DENV-1
infections (MS/SVS 2011).

Real-time RT-PCR methods have been established as
a more rapid and sensitive technique for the detection
and quantification of DENYV in clinical samples (Dros-
ten ct al. 2002, Lai et al. 2007). In this study. we used
quantitative real-time RT-PCR to quantify the DENV-4
viral titre (1.08 x 10’ copics/mL) from a singlc de. ae-
gypti female mosquito that was naturally infected and
individually maccrated.

We also evaluated, for the first time. the effectivencess
of the Simplexa™ Denguc real-time RT-PCR kit for the
detection and genotyping of DENV in both human cases
and Ae. aegypti samples. All of the DENV-4 human cas-
¢s that were analysed in this study were confirmed using
a commercial real-time RT-PCR kit. The Ct values that
were observed ranged from 16.8-35.1 (mean + 25.0). The
Ct values in a real-time PCR assay arc inversely propor-
tional to the amount of target nucleic acid that is present
in the sample. Because all of the samples were obtained
during the acute phase of discase (2 samples within 4
days of the onset of symptoms, 3 samples within 2 days
of the onset of symptoms, 3 samples within 1 day of the
onsct of symptoms and 1 sample in which the timing
was unknown). high viracmia levels would be expect-
ed. resulting in lower Ct values (Fig. 2). From all of the
Ae. aegypti macerates that were subjected to the Sim-
plexa™ Denguc real-time RT-PCR analysis, only female
15.2.4/11 was positive for DENV-4 and was observed to
have a low Ct value (23.5). This suggests that there was a
high viral load in the single female (Fig. 3).

Despite the confirmation of DENV-4 cases in RJ,
a major DENV-1 cpidemic was cstablished at the same
time. In December 2011, a new DENV-4 case was iden-
tified in Niterér and confirmed by the laboratory meth-
ods that were available. This case was identified cight
months after the first cases were confirmed. Thercfore,
our overall results with regard to the laboratory diag-
nosis and entomological surveillance of dengue using
molecular techniques. such as conventional RT-PCR and
real-time RT-PCR. show that these approaches arc fast,
reliable, sensitive and specific for dengue serotype sur-
veillance. Furthermore. these techniques were found to
still be effective when a new serotype is introduced or
when a scrotype re-emerges during a dengue epidemic
of a different serotype.
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Artigo 8: Evaluation of a generic RT-nested-PCR for detection of flaviviruses in
suspected fatal cases of dengue infection, Rio de Janeiro, Brazil.

Situacdo do manuscrito: Publicado

Referéncia: de Aradjo JM, Gomes GM, da Costa Faria NR, de Araujo ES, de Filippis
AM, dos Santos FB, Schatzmayr HG, Nogueira RM.

Resumo: Flaviviruses are significant causes of disease worldwide and can be classified
serologically into several antigenic complexes. The purpose of the present study was to
evaluate the effectiveness of a generic RT-nested-PCR for detection of flavivirus during a
dengue outbreak in Brazil in 2008. A total of 105 serum samples were collected from
patients with fatal outcome and examined by generic RT-PCR, conventional RT-PCR, and
IgM serology. The generic RT-PCR confirmed 19 of 105 (18%) cases. Conventional RT-
PCR performed on 105 serum samples detected 45 (42.8%) dengue virus infections. The
IgM serology confirmed 44 of 102 (43.1%) cases. The infecting serotype was identified by
generic RT-PCR in 19 cases (18 DENV-2 and 1 DENV-3) and by conventional RT-PCR in
45 cases (40 DENV-2 and 5 DENV-3). In addition, we analyzed the performance of the
generic and conventional RT-PCRs and IgM serology on serum samples stratified by the
day of onset of symptoms. Our results indicate that different methods should be included

in flavivirus surveillance programs, including virological and serological approaches.
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ABSTRACT

Articie history: Flaviviruses are significant causes of disease worldwide and can be classified serologically into several
Received 0 March 2012 antigenic complexes. The purpose of the present study was to evaluate the effectiveness of a generic
Received in revised form 17 August 2012 RT-nested-PCR for detection of flavivirus during a dengue outbreak in Brazil in 2008. A total of 105 serum
o o :;?:‘: A’” 12 S samples were collected from patients with fatal outcome and examined by generic RT-PCR, conventional
Bz RT-PCR, and IgM serology. The generic RT-PCR confirmed 19 of 105 (18X) cases. Conventional RT-PCR

B % performed on 105 serum samples detected 45 (42.8%) dengue virus infections. The IgM serology con-
D:"'“’:“ firmed 44 of 102 (43.1%) cases. The infecting serotype was identified by generic RT-PCR in 19 cases (18
Fat:?:m DENV-2 and 1 DENV-3) and by conventional RT-PCR in 45 cases {40 DENV-2 and 5 DENV-3). In addition,
Generic RT-nested-PCR we analyzed the performance of the generic and conventional RT-PCRs and IgM serology on serum sam-
Brazil ples stratified by the day of onset of symptoms. Our results indicate that different methods should be

included in flavivirus surveillance programs, including virological and serological approaches.
© 2012 Elsevier B.V. opm access under the Qe 08 Lgne,
1. Introduction In South America, the West Nile virus (WNV) has been reported

The genus Flavivirus is characterized by a single-stranded plus-
sense RNA genome of approximately 11 kb, constituted by a single
open reading frame (ORF) flanked by an untranslated region (UTR)
in the 5" and 3’ termini (Lanciotti et al., 2000). The ORF codes for
three structural proteins are capsid (C), membrane (prM/M), and
envelope (E), while those for seven non-structural proteins are NS1,
NS2A, NS2B, NS3, NS4A, NS4B, and NS5 (Chambers et al,, 1990).

The genus Aavivirus includes more than 70 arthropod-borne
viruses that can cause severe encephalitis, hemorrhagic fever, and
febrile illness in humans (Monath et al, 1996). Mosquito-borne
flaviviruses represent a serious public health issue in Brazil, with
Dengue viruses (DENV), Saint Louis Encephalitis virus (SLEV), Bus-
suquara virus, Cacipacore virus, Iguape virus, llheus virus, Rocio
virus and Yellow Fever virus (YFV) being isolated from mosquitoes,
animals, or humans (Figueiredo, 2000).
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in neighboring countries of Brazil, including Venezuela (Boschetal,,
2007), Colombia (Berrocal et al, 2006), and Argentina (Morales
et al,, 2006). For these reasons, the implementation of virological
methods may play an important role for rapid diagnosis of new fla-
viviruses in the country. The purpose of the present study was to
evaluate the effectiveness of a generic RT-nested-PCR for detection
of flavivirus during a dengue outbreak in Brazil in 2008.

2. Materials and methods
2.1. Patients and samples

The 105 suspected dengue fatal cases included in this study had
acute febrile iliness with two or more of the following clinical symp-
toms: headache, retrobulbar pain, myalgia, arthralgia, rash, and
hemorrhage. All samples were received refrigerated and separately
from private and public hospitals in the metropolitan area of Rio
de Janeiro city and stored at — 70 C until tested. All samples were
collected between January and May 2008 from patients ranging in
age from 5 days to 90 years old. Ethical clearance was obtained with
the approval resolution number CSN 196/96 from the Oswaldo Cruz
Foundation Ethical Committee in Research (CEP 274/05), Ministry
of Health, Brazil.
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2.2, RNA extraction

Viral RNA for the conventional RT-PCR and generic RT-PCR
assays was extracted from 140 uL serum samples by the QlAamp
Viral RNA Mini Kit {QIAGEN, Valencia, CA), in accordance with the
manufacturer’s suggested protocol. RNA was eluted in 60 pul of
buffer AVE and stored at -70 C.

2.3. Conventional reverse transcriptase PCR assay

The conventional RT-PCR protocol for DENV detection and typ-
ing was performed on 105 serum samples, as described previously
by Lanciotti et al. (1992). Briefly, cDNA copies of a portion of the
viral genome (capsid/prM) were produced and amplified using
two consensus primers designed to anneal to any of the four
dengue virus types. Second-round amplification with type-specific
primers results in different bands of DNA, charactenistic of each
dengue virus type, which can be observed directly in 1% agarose
gel stained with ethidium bromide. Positive and negative controls
were included in all steps.

24. Genenc reverse transcriptase PCR assay

The generic RT-PCR protocol for Flavivirus detection was
performed on 105 serum samples, as described previously by
Sanchez-Seco et al. (2005). Degenerated primers were designed
based on conserved motifs in a region of gene NS5. Positive con-
trols tested by this method were DENV-1, DENV-2, and DENV-3
(obtained from Flavivirus Laboratory, Fiocruz, Brazil), and YFV
(17D) (obtained from Biomanguinhos, Fiocruz, Brazil).

2.5. Nucleotide sequencing and phylogenetic analyses

Products from the second round of generic amplification were
purified using the PCR purification kit or gel extraction kit (Qiagen,
US). Sequencing reactions on both strands were performed with the
BigDye Terminator Cycle Sequencing Ready Reaction kit (Applied
Biosystems, US), and analyzed using an ABI Prism 3730 Sequencer
(Applied Biosystems, US).

Electropherograms were visualized by Chromas software
version 145 (Technelysium Pty. Ltd, Queensland, Australia).
Nucleotide sequences were aligned and analyzed using the Clustal
X program (Thompson et al,, 1997) and later edited by hand. All
alignments are available from the authors upon request.

Representative sequences from 10 flaviviruses and arboviruses
were retrieved from Genbank (www.ncbinlm.nih.gov), including
DENV1-4, SLEV, YFV, WNV, Tick-borne encephalitis virus, Powas-
san virus, and Japanese encephalitis virus. A phylogenetic tree was
constructed using MEGA 4 software (Tamura et al., 2007), using the
Neighbor Joining (NJ) method and the Tamura Nei model. A boot-
strap of 1000 replications was used to estimate the reliability of the
predicted tree.

2.6. Serological test

Dengue IgM-capture enzyme-linked immunosorbent assay
(ELISA) (PanBio, Brisbane, Australia) was performed on 102 serum
samples, according to the manufacturer’s instructions.

3. Results

Atotal of 105 serum samples were collected from patients with
fatal outcome and examined by generic RT-PCR, conventional RT-
PCR, and IgM serology to evaluate the effectiveness of the generic
RT-PCR for use as a diagnostic tool for flaviviruses. Dengue infec-
tion was confirmed in 60% (63/105) of cases by the combined
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Fig. 1. Agarose gel electrophoresis of generic RT-PCR amplicons. Line 1, 100-bp DNA
ladder; lines 2-3, positive controls: line 2, DENV-1; line 3, DENV-2; line 4, DENV-3;
line 3, YFV (17D); line 0, negative control; line 7, 100-bp DNA ladder.

results obtained by generic RT-PCR, conventional RT-PCR, and IgM
serology. The generic RT-PCR confirmed 19 of 105 (18%) cases.
All positive controls tested by generic RT-PCR (DENV1-3 and YFV)
rendered positive amplification (Fig. 1). Conventional RT-PCR per-
formed on 105 serum samples detected 45 (42.8%) DENV infections.
From those 45 cases pasitive by RT-PCR, 8 (17.7%) were positive
only by this method. The IgM serology confirmed 44 of 102 (43.1%)
cases. From those 44 cases positive by IgM serology, 18(40.9%) were
positive only by this method.

The infecting serotype was identified by generic RT-PCR in 19
cases (18 DENV-2 and 1 DENV-3) and by conventional RT-PCR
in 45 cases (40 DENV-2 and 5 DENV-3). All 19 cases positive by
generic RT-PCR were confirmed by the conventional RT-PCR. The
performance of the generic RT-PCR and conventional RT-PCR (RT-
PCRs) and IgM serology in serum samples, stratified by the day of
onset of symptoms, is shown in Fig. 2. As expected, the molecu-
lar methods were more efficient until the fifth day of illness, and
1gM serology was more efficient after the eighth day of illness
(Fig. 2).

Double-stranded DNA products amplified in the generic nested
PCR were directly sequenced as described in Section 2.5. The
dengue sequences obtained in this study were submitted to Gen-
Bank (accession nos. FJ390025, FJ390026, Fj390027, Fj392583,
FJ392584, FJ392585, F|392586, FJ392587, Fj302588, F|392589,
FJ392590, FJ392591, F392592, FJ392503, FJ392594, FJ392595,
F]392596, Fj392597, and FJ392508). DENV-2 and DENV-3 were
identified by phylogenetic analysis (Fig. 3), confirming the results
obtained by conventional RT-PCR.

8 B
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® IgM Serology
ORT-PCRs

N° of dengue cases
3 &

o

Fig. 2. Detection of dengue virus by day of iliness by IgM serology and molecular
methods (conventional RT-PCR and generic RT-PCR) in fatal cases during an outbreak
in Ko de Janeiro, Brazil, 2008,
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Fig. 3. Phylogeny of 67 flavivi q using 143 nucleotides from the NS3 gene. Strains are denoted by accession numbers from Cenbank and viruses are indicated by

brackets. Horizontal branch lengths are drawn to scale. Bootstrap values of statistical support for major branches are shown as percentage equivalents.

4. Discussion

The State of Rio de Janeiro is an important epidemiological
site for the introduction of flaviviruses, as observed previously for
DENV-1 (1986}, DENV-2 (1990), and DENV-3 (2000) (Schatzmayr
et al, 1986; Miagostovich et al,, 1993; Nogueira et al, 2005). Cur-
rently, the emergence of new flaviviruses has become an important
issue of great public health concern due to the recent incursion
and continued transmission of WNV in the Americas (Hayes et al.,

2005; Berrocal et al., 2006; Morales et al., 2006; Bosch et al., 2007).
In Brazil, the first isolation of SLEV from a human case that was
thought to be dengue occurred in the city of Sio Pedro, State of
Sao Paulo (Rocco et al., 2005). Previous to this case, only two SLEV
human infections had been reported in Brazil, both in the Amazon
basin (Vasconcelos et al, 1998; Figueiredo, 2000). However, an
outbreak of SLEV occurred concomitantly with a large DENV-3
outbreak in S3o José do Rio Preto, State of Sao Paulo. During this
outbreak, some SLEV patients showed hemorrhagic manifestations
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identified by a positive tourniquet test, petechiae, and bleeding
(Mondini et al., 2007). Sporadic cases of encephalitis, like those
caused by the enzootic flaviviruses, require effective surveillance
programs to identify areas of transmission and to enable the
immediate implementation of procedures aimed at reducing
transmission to humans, including vector control and vaccination.

Several RT-PCRs have been developed for detection of flavivirus
RNA by using different pairs of primers for differentiating between
species of viruses {Eldadah et al, 1991), including flavi-universal
primers for mosquito-borne flaviviruses (Tanaka, 1993) and seven
published primers pairs permitting complete detection of the Fla-
vivirus genus (Scaramozzino et al., 2001: Chang et al., 1994; Chow
etal., 1993; Fulop et al., 1993; Kuno, 1998; Meiyu et al, 1997; Pierre
etal, 1994) The generic RT-PCR applied in this study is a very useful
method for detection of a wide spectrum of flaviviruses {Sanchez-
Seco et al, 2005) and can be used as a complementary method
for diagnosing these viruses in Brazil. The amplified flavivirus is
identified by sequencing the resulting fragment, and the sequence
obtained is compared with those of known flaviviruses in order to
identify with precision the detected virus, as shown in Fig. 3. Here,
this assay was thoroughly evaluated using a large number of clini-
cal samples during a dengue outbreak in Rio de Janeiro in 2008. The
comparison of generic RT-PCR with conventional RT-PCR revealed
lower sensitivity of generic RT-PCR, which may be attributed to
degenerated primers. As expected, the application of IgM serology
showed the importance of serodiagnosis after the eighth day of ill-
ness (Fig. 2). These results clearly indicate that different methods
should be included in flavivirus surveillance programs, including
virological and serological approaches.

Phylogenetic trees of flaviviruses derived from NS5 gene
sequences have been described previously (Kuno, 1998; Lanciotti
et al,, 1999; Scaramozzino et al., 2001; Sanchez-Seco et al., 2005).
Furthermore, the phylogenetic tree designed by comparison of the
amplification of the nested products in the NS5 location (143 bp)
allowed finding all of the complexes of medical interest: the DENV,
JEV, YFV, and TBE groups. By using this method, it was possible to
identify DENV in 19 patient samples (Fig. 3).

Finally, this generic RT-PCR strategy coupled with DNA sequenc-
ing represents a valuable tool for the molecular diagnosis of
flaviviruses. However, a definitive identification obviously requires
both complete sequencing and the appropriate expertise in fla-
vivirus identification.
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Resumo: Dengue fever (DF) activity in Brazil during the past 25 years has been evidenced
by a large number of cases in most states. Dengue viruses 1 to 3 (DENV-1, DENV-2 and
DENV-3) were introduced in Rio de Janeiro in 1986, 1990 and 2000, respectively. In 2010,
DENV-4 re-emerged 28 years after its first isolation. DENV-1 caused an explosive “virgin
soil” epidemic in 1986-1987. The introduction of DENV-2 in 1990 caused the first cases of
dengue haemorrhagic fever (DHF) and dengue shock syndrome (DSS). Introduction of
DENV-3 caused severe epidemics in 2002, with the largest number of DF/DHF cases and
deaths. In 2007-2008, the country experienced the most severe epidemic in terms of
morbidity and mortality and severe cases in children. Phylogeny performed on DENV-2
identified distinct lineages of the Asian—American genotype. In 2009 and 2010, DENV-1
re-emerged and was prevalent in many Brazilian states. Phylogenetic studies also
demonstrated distinct lineages of DENV-1. Since 1986, when virus isolation and
immunoglobulin M (IgM) enzyme-linked immunosorbent assay (ELISA) were first used,
laboratory diagnosis has played an important role in disease surveillance and epidemiology.
After the introduction of DENV-2 in 1990, the characterization of immune response
performed by the haemagglutination inhibition test was replaced by IgG-ELISA. In the
1990s, real-time reverse transcriptase-polymerase chain reaction (rtRT-PCR) and
sequencing were used for nucleic acid detection and characterization. rtRT-PCR and
immunohistochemistry proved to be essential for the confirmation and study of fatal
dengue cases. NS1 capture tests were used for the early diagnosis of DENV infections after

2007. Since the introduction of DENV, a total of 47 346 suspected dengue cases were
229



received by the Laboratory of Flavivirus, IOC/FIOCRUZ, Rio de Janeiro, a regional
reference laboratory for dengue diagnosis for the Brazilian Ministry of Health, from March
1986 to December 2011. The authors’ experience has shown that the implementation of
new diagnostic techniques over the years has constituted important and reliable tools for

dengue surveillance in Brazil.
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Abstract

Dengue fever (DF) activity in Brazil during the past 25 years has been evidenced by a large number
of cases in most states. Dengue viruses 1 to 3 (DENV-1, DENV-2 and DENV-3) were introduced
in Rio de Janeiro in 1986, 1990 and 2000, respectively. In 2010, DENV-4 re-emerged 28 years
after its first isolation. DENV-1 caused an explosive “virgin soil” epidemic in 1986-1987. The
introduction of DENV-2 in 1990 caused the first cases of dengue haemorrhagic fever (DHF) and
dengue shock syndrome (DSS). Introduction of DENV-3 caused severe epidemics in 2002, with
the largest number of DF/DHF cases and deaths. In 2007-2008, the country experienced the
most severe epidemic in terms of morbidity and mortality and severe cases in children. Phylogeny

on DENV-2 identified distinct lineages of the Asian-American genotype. In 2009 and
2010, DENV-1 re-emerged and was prevalent in many Brazilian states. Phylogenetic studies also
demonstrated distinct lineages of DENV-1. Since 1986, when virus isolation and i lin M
(1gM) enzyme-linked immunosorbent assay (ELISA) were first used, laboratory diagnos played
anlmponantmlemd!seasemmanmandepudenﬁology Mterd\eintmducﬂonofDENv-z in
1990, the characterization of immune response performed by the haemagglutination inhibition
test was replaced by 1gG-ELISA. In the 19905, real-time reverse transcriptase-polymerase chain
reaction (MRT-PCR) and sequencing were used for nucleic acid detection and characterization.
ftRT-PCR and immunohistochemistry proved to be essential for the confirmation and study of fatal
dengue cases. NST capture tests were used for the early diagnosis of DENV infections after 2007.
Since the introduction of DENV, a total of 47 346 suspected dengue cases were received by the
Laboratory of Flavivirus, IOC/FIOCRUZ, Rio de Janeiro, uegaonalteiemnoe laboratory for dengue
diagnosis for the Brazilian Ministry of Health, from March 1986 to December 2011. The authors’
experience has shown that the implementation of new diagnostic techniques over the years has
constituted important and reliable tools for dengue surveillance in Brazil.
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Introduction

Currently, an estimated 2.5 billion people living in urban areas in tropical and subtropical
countries in South-East Asia, the Pacific and the Americas are at the risk of infection with a
dengue virus (DENV)." In 2012, the geographical distribution of dengue covered more than
125 countries, and the Americas have hyperendemic dengue with indigenous transmission
in almost all countries.” In 2012, Brazil reported 565 510 dengue cases, 4055 severe cases
and 284 deaths, or 52% of all dengue cases reported in the Americas.” By the second
epidemiological week of 2013, the country had already reported 25 879 dengue cases and
five deaths.

The state of Rio de Janeiro (R)) has a land mass of 43 780 172 km® and 15 989 929
inhabitants, is divided politically and administratively into 92 municipalities in distinct
geographical regions,” and has experienced dengue epidemics in the last 25 years. It is an
important tourist centre, with a major human population passing through its international
airport.

Dengue was first recognized in R} 90 years ago, when Antonio Pedro described a disease
clinically resembling dengue fever in the city of Niteroi.® Aedes aegypti is considered the main
vector for DENV in Brazil,” despite the presence of Aedes albopictus. After the eradication of
Aedes aegypti in 1950, the country became dengue free. However, the disease re-emerged
with re-infestation of the country with Aedes aegypti. Since then, the disease incidence and
vector abundance follow seasonal patterns in RJ, with peaks during the summer when both
the rainfall and temperatures are high.** The Laboratory of Flavivirus at the Oswaldo Cruz
Institute, as a regional reference laboratory for dengue diagnosis for the Brazilian Ministry
of Health, supports the dengue surveillance programme in the state.

Despite the outbreak caused by dengue virus serotypes DENV-1 and DENV-4 in Boa
Vista, state of Roraima, in 1981-1982, and the reintroduction of Aedes aegypti in the 1970s,
the minimal circulation of arboviruses in Rio de Janeiro'® did not encourage research in this
field, particularly in light of the state’s public health priorities.""'? However, Dr Schatzmayr, a
renowned virologist at the Oswaldo Cruz Institute, envisaged dengue as a potential threat to
R) and attended an International Dengue Course in Venezuela in March 1986, sponsored by
the Pan American Health Organization. By April, serology and virus isolation were established
at the Laboratory of Flavivirus at the Oswaldo Cruz Institute. In the same month, the first
DENV-1 case was isolated during an outbreak of exanthematic disease in the city of Nova
Iguagu,™ and, since then, R) has become an important centre of epidemiological studies of
dengue, with the introduction of DENV-2 in 1990™ and DENV-3 in 2000." DENV-3 was
prevalent in the majority of Brazilian states from 2002 to 2006 and, from 2007 to 2008,
DENV-3 was displaced by DENV-2. In 2008, Brazil experienced a severe dengue epidemic,
with 806 036 reported cases, and R] alone accounted for 255 818 cases. In 2009, DENV-1
re-emerged in the south-east region and was detected in 50.4% of isolated viruses, displacing
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DENV-2 and DENV-3."" Despite the introduction of DENV-4 in RJ in 2010 and its subsequent
spread to other states of the country, DENV-1 was the most prevalent dengue virus and was

responsible for epidemics, with more than 2 million reported cases in Brazil in 2010 and
201 ‘l -I7,|8

The dramatic increase of dengue cases in Brazil has led to the establishment and
consolidation of a National Dengue Diagnosis Network in 1989, to monitor DENV
transmission and spread. Since then, DENV surveillance has been accepted as one of the
most important tools for the prediction of dengue epidemics.™ Each Brazilian state has a
Central Laboratory (LACEN), where samples from suspected dengue cases at health centres
and public hospitals are tested. The national network is supported by regional reference
laboratories responsible for the five Brazilian regions (North, North-east, Midwest, South and
South-east): Evandro Chagas Institute (IEC); the National Reference Laboratory, Adolfo Lutz
Institute (IAL); LACEN/Distrito Federal; LACEN/Recife; and the Laboratory of Flavivirus at the
Oswaldo Cruz Institute (FIOCRUZ/R)).* The latter maintains a surveillance programme in
the state of RJ, to detect the role of the state in the introduction and spread of the disease.
This paper reports and analyses the epidemiological and laboratory aspects of data obtained
during DENV surveillance performed by a regional reference laboratory in R), Brazil, between
1986 and 2011.

Materials and methods
Suspected dengue cases

The specimens analysed in this study were collected between March 1986 and December
2011. Suspected dengue cases (n = 47 346) were received during a surveillance programme
performed by the Laboratory of Flavivirus, 10C /FIOCRUZ, regional reference laboratory for
the Brazilian Ministry of Health, located in R). Acute serum samples (collected <7 days after
the onset of the symptoms) were stored at =70 °C and submitted for virus isolation, reverse
transcriptase polymerase chain reaction (RT-PCR) and NS1 antigen-capture enzyme-linked
immunosorbent assay (ELISA). Convalescent samples (collected >7 days after the onset of
symptoms) were stored at —20 °C and used for immunoglobulin M (IgM) antibody-capture
(MAC)-ELISA, haemagglutination inhibition (HI) and immunoglobulin G (1gG) antibody-
capture ELISA (IgG-ELISA) tests.

Virus isolation

Virus isolation was performed by inoculation into C6/36 cells,”" and isolates were identified
by indirect fluorescent antibody test, using DENV type-specific monoclonal antibodies.*?
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Generic reverse transcriplase-nested polymerase chain reaction
(generic RT-nested-PCR)

Generic RT-nested-PCR for flavivirus detection was performed as described previously,” as
an alternative molecular tool to detect and confirm DENV infection during the epidemic
that occurred in 2008.

Ethics statement

The samples were drawn from a collection belonging to an ongoing project approved by
resolution number CSN196/96 from the Oswaldo Cruz Foundation Ethical Committee in
Research (CEP 274/05), Ministry of Health, Brazil.

Results and discussion

DENV infection was first confirmed in the state of R in April 1986, when DENV-1 was isolated
during an outbreak of exanthematic disease in the city of Nova Iguagd.™ From 1986 to 1987,
DENV-1 was the only DENV type isolated and was detected in 46.8% of cases, with 95% of
isolated viruses producing a cytopathic effect in C6/36 cells.™ Anti-DENV IgM antibody was
detected in 926 DENV-1 cases during the early phase of the disease (day 2) and persisted
for 3 months after the onset of symptoms.™ About 59% of cases analysed by virus isolation
and/or MAC-ELISA were confirmed, and the infecting DENV type was detected in 80% of
isolations performed <4 days after the onset of the symptoms.** At that time, the evaluation
of clinically based dengue surveillance had demonstrated the need for laboratory-based
surveillance. ™ A serological survey estimated that, owing to intense DENV transmission from
1986 to 1987, more than one million persons were infected with DENV-1.%

In April 1990, 4 years after DENV-1 had first been isolated, DENV-2 was isolated from
a 56-year-old patient with dengue in the city of Niteroi;™* however, the first death due to
dengue shock syndrome (DSS) occurred in June 1991, * after the introduction of DENV-2. The
introduction of DENV-2 in 1990 resulted in establishment of the HI test for characterization
of immune response, as secondary infections led to hospitalizations and severe cases. In
fact, the predominant circulation of DENV-2 from August 1990 to 1991 was associated
with more hospitalizations,™ and dengue haemorrhagic fever (DHF) cases were analysed.*
A seroepidemiological survey conducted in schoolchildren inhabiting the city of Niteroi,
RJ, after sequential epidemics caused by DENV-1 and DENV-2, characterized secondary
DENV infection in 66% of the children tested by HI test.™ However, owing to its laborious
and time-consuming characteristics, the HI test was replaced with IgG-ELISA in 1995. The
protocol described by Miagostovich et al.** showed that 1gG titres were reliably associated
with primary and secondary infections for characterization of the patients” immune response.
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found in the samples from fatal cases. Moreover, as more than half of the fatal cases were
primary infections, antibody enhancement alone would not have explained the deaths.*
The RT-PCR also yielded the highest rate of positivity in detecting DENV-3 RNA in tissues
from those fatal cases.** This approach may play an important role for rapid diagnosis of
dengue infections, given its accuracy and effectiveness.

DENV-3 was prevalent in R) and most Brazilian states from 2002 to 2006; however, in
2007, DENV-2 re-emerged and displaced DENV-3. The re-emergence of DENV-2 in 2008
caused the most severe epidemic reported in Brazil and, in RJ, a total of 255 818 cases were
reported. Increased disease severity and deaths were observed in children aged 15 years
and under.*” A combination of factors, such as climate, mosquito abundance, susceptible
population because of previous low transmission, or viral evolution, could explain the severity
of this epidemic.*® In fact, a phylogenetic analysis of DENV-2 circulating in the 1990s, and
after its re-emergence in 2007, identified two distinct lineages within the south-east Asian
genotype.** Moreover, a study with DENV-2 strains isolated over 20 years confirmed these
observations and further characterized these strains.™

A recent report by the authors’ study group described the results of active DENV
surveillance in R} during an inter-epidemic period (2004-2005): DENV-3 dirculation in 2006,
re-emergence of DENV-2 in 2007, and a severe epidemic caused by DENV-2 in 2008. From
2004 to 2006, DENV-2 was not evidenced and its detection rate increased from 10.7% in
2007 to 66.6% in 2008. Confirmation of DENV cases by any of the methodologies used
(MAC-ELISA, RT-PCR and virus isolation) ranged from 2.3% in 2004 to 20.7% in 2006,
characterizing an inter-epidemic period with case confirmations of 34.4% and 46.8% in
2007 and 2008, respectively. In this study, 69 fatal cases were confirmed and 79.7% were
due to DENV-2.*'

Suspected dengue cases in 2008 were tested by a generic RT-nested PCR, as an alternative
molecular tool to detect and confirm DENV infection. By using this approach, 18% of the
suspected cases were confirmed. Despite its usefulness in detecting a wide range of Flavivirus,
this method was shown to be less sensitive than the conventional RT-PCR that confirmed
42.8% of the cases, maybe because of the use of degenerated primers by the protocol.*
Another inconvenience is the need for sequencing amplified RNA.

The NS1 antigen-capture ELISA was established in late 2007 as an alternative approach
for the early diagnosis of DENV infections. As previously discussed, the most used techniques
for dengue serodiagnosis are based on anti-DENV IgM and IgG detection by using MAC-ELISA
and IgG-ELISA. However, one of the limitations consists of the variations on the detection
rate during the acute phase of the disease. The Brazilian Ministry of Health established this
new approach in sentinel clinics throughout the country after the 2008 dengue epidemic,
although this occurred before the evaluation of available commercial tests. Evaluation of
the sensitivity and specificity of three commercially available dengue NS1 antigen kits was
performed and demonstrated its potential use for early laboratory confirmation of acute
DENV infection. The highest sensitivity (89.6%) was obtained by the NS1 Ag Strip (Biorad
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Laboratories); however, a lower sensitivity was observed for DENV-3 cases for all three kits.
The usefulness of the NS1 tests was also described as an alternative tool to confirm DENV
infection on tissue specimens from fatal cases.™

In 2009, DENV-1 re-emerged in the south-east region of Brazil and was detected in
50.4% of isolated viruses, thereby displacing DENV-2 and DENV-3. Despite the introduction
of DENV-4 in Roraima state in 2010, and its subsequent spread to other states in the
country, DENV-1 remained the most prevalent DENV type and was responsible for epidemics
with more than two million cases in Brazil in 2010 and 2011.77'% In the state of R}, a total
of 29 824 dengue cases were reported in 2010, an increase of 274.5% when compared to
2009. Distinct from what was observed in the whole country, DENV-2 was still prevalent in
the state and was detected in fatal-case patients who presented with comorbidities.” For
the first time, distinct lineages of DENV-1 were reported in R in 2010 and 2011.%

The first DENV-4 cases reported in R} in 2011 occurred in two young sisters living in
Niteroi,”” and, at the same time, this DENV type was recovered from an individual Aedes
aegypti female collected in the field during entomological surveillance. Using molecular
techniques, DENV-4 was identified and quantified in a single specimen of vector.™®
Phylogenetic studies on Brazilian DENV-4 characterized those viruses as belonging to
genotype 11,>*5* and a recent report on DENV-4 isolated in R} describes the emergence of
genotypes | and Ilb in the state ™

As reported here, dengue has become a major public health problem in R), owing to
many factors such as the human-host susceptibility, virus emergence and re-emergence and
shifts in circulating DENV types/genotypes, vector abundance, and environmental factors.
Since the establishment of dengue activity in R] and Brazil, laboratory diagnosis of dengue has
proven to be imperative in surveillance, by serving as an early warning tool. In this scenario,
the implementation of the National Dengue Network in the country, and establishment of
the reference laboratories for dengue diagnosis have constituted an important effort aiming
to help control the disease.

Overall, during the last 25 years (March 1986 to December 2011), a total of 47 346
suspected dengue cases were received in the Laboratory of Flavivirus, IOC/FIOCRUZ, and
41 614 (87.89%) were subjected to one or more of the routine diagnosis techniques available
(MAC-ELISA, 1gG-ELISA, HI, virus isolation, RT-PCR and NS1 ELISA). The yearly distribution
of suspected dengue cases diagnosed by the different methodologies from 1986 to 2011 is
shown in Table 1 and Figure 1.

A total of 32 374 cases (77.8% of the total) were tested by MAC-ELISA; 25 037 (60.2%)
were subjected to virus isolation, 181 cases (0.4%) to HI test and 829 cases (2.0%) to IgG-
ELISA. RT-PCR was performed in 7441 cases (17.9%) and the NS1 antigen-capture ELISA
in 1124 cases (2.7%). The distribution of diagnosis and confirmation of suspected dengue
cases, according to the methodology implemented and used over the 25-year period, is
shown in Table 1.
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Figure 1: Yearly distribution of diagnasis of suspected dengue cases by
different methods lw_;n-., 19862011
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In a retrospective analysis, the overall case confirmation, independent of the methodology
used, was 33.8%; however, case confirmation during epidemic years was 59.7% and 58%
in the DENV-1 epidemic that occurred in 1986 and 1987, respectively; 52.8% during the
DENV-3 epidemic in 2002; 52% during the DENV-2 epidemic in 2008; and 47% and 45%
during the DENV-1 epidemic in 2010 and 2011, respectively (see Figure 2).

The implementation of RT-PCR in 1997 constituted an important advance in diagnosis,
by detecting the infecting DENV type and identifying DENV in cases that were negative by
virus isolation. In some years, RT-PCR identified the infecting DENV type in 40% of cases
where the virus was isolated. Virus isolation and RT-PCR identified the infecting DENV type
in a total of 4990 dengue cases, and characterized epidemics caused by DENV-1 in 1986
and 1998, caused by the co-circulation of DENV-1 and DENV-2 in 1990, and caused by
the co-circulation of DENV-1, DENV-2 and DENV-3 in 2001 (see Table 1, Figure 3). An
important benefit of the virus isolation is that low-passage viruses are available for molecular
characterization and phylogenetic studies.

Despite the limitations and distinct sensitivities and laboriousness that some diagnostic
techniques may present, their contribution to disease surveillance is clear. In the authors’
experience, implementation of new techniques may improve diagnosis, increasing viral
detection and case confirmation during dengue epidemic and inter-epidemic periods.
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Figure 2: Suspected dengue cases confirmed by any of the routine diagnosis
methods used, 1986-2011
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Figure 3: Dengue virus serotypes identified by virus isolation and/or RT-PCR by the
Laboratory of Flavivirus, IOC/FIOCRUZ, 1986-2011
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Artigo 10: Impact of the emergence and re-emergence of different dengue viruses’
serotypes in Rio de Janeiro, Brazil, 2010 to 2012.

Situacdo do manuscrito: Publicado na Transactions of the Royal Society of Tropical
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Classifiacdo QUALIS: Area de Medicina Il — B1

Referéncia: Heringer M, Nogueira RM, de Filippis AM, Lima MR, Faria_NR, Nunes
PC, Nogueira FB, dos Santos FB.

Resumo: BACKGROUND: Rio de Janeiro (RJ) has been of major importance for the
epidemiology of dengue viruses (DENVS) in Brazil. After the DENV 1-4 introductions in
1986, 1990, 2000 and 2011, respectively, the state has suffered explosive epidemics. We
aimed to describe laboratorial, epidemiological and clinical aspects due to the emergence

and re-emergence of distinct DENV in a 2-year period.

METHODS:

Suspected dengue cases (n=2833), including 190 fatal cases, were submitted to virus
isolation, RT-PCR and non-structural 1 (NS1) antigen capture ELISA, IgM antibody-
capture (MAC)-ELISA and IgG-ELISA.

RESULTS:

Case confirmation was 47.5%. MAC-ELISA confirmed 32.6% of the cases, RT-PCR
confirmed 56.3%; DENV was recovered in 33.1% of samples inoculated and NS1 ELISA
confirmed 27.5% of the cases. DENV-2 was prevalent in 2010, DENV-1 in 2011 and
DENV-4 in 2012. Individuals infected by DENV-3 and over 65 years-old, and children 15
years-old and under infected by DENV-2 had a significantly higher risk of developing a
severe disease. Fatal cases confirmed (n=67) were due to DENV-1 (26.8%), DENV-2
(14.9%), DENV-3 (2.9%) and DENV-4 (7.4%).

CONCLUSIONS:

It has been shown here that viral emergences or re-emergences may play different roles
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Background: Rio de Joneiro (RJ) has been of major importance for the epidemiology of dengue viruses (DENVs) in
Brazil. After the DENV 1-4 introductions in 1986, 1990, 2000 and 2011, respectively, the state has suffered explo-
sive epidemics. We aimed to describe laboratarial, epidemiological and dlinical aspects due to the emergence and
re-emergence of distinct DENV in a 2-year period.

Methods: Suspected dengue cases (n=2833), including 190 fatol cases, were submitted to virus isolation, RT-PCR
and non-structural 1 (NS1) antigen capture ELISA, IgM ontibody-capture (MACQ)-ELISA and [gG-ELISA.

Results: Case confirmation was 47.5%. MAC-ELISA confirmed 32.6% of the cases, RT-PCR confirmed 56.3%;
DENV was recovered in 33.1% of samples inoculated and NSI ELISA confirmed 27.5% of the cases. DENV-2
was prevalent in 2010, DENV-1 in 2011 and DENV-4 in 2012. Individuals infected by DENV-3 and over 65
years-old, and children 15 years-old and under infected by DENV-2 had a significantly higher risk of developing
a severe disease. Fotol cases confirmed (n=67) were due to DENV-1 (26.8%), DENV-2 (14.9%), DENV-3 {2.9%)
and DENV-4 (7.4%).

Conclusions: It has been shown here that viral emergences or re-emergences may play different roles in the dis-
ease epidemiology, especially when many serotypes co-circulate.

Keywords: Brazil, Dengue, Fotal coses, Laboratorial diognosis, Survedlance

Introduction

Dengue viruses (DENV 1-4) belong to the fomily Floviviridoe and
the genus Flavivirus.! WHO estimates that between 70 and 500
million people are infected with DENV annually worldwide.” In
Brazil, reinfestation by vectors in the 1970s led to epidemics in
1981-1982 in Boa Visto, Roraima.® In 1986, dengue became o
public health problem in the country, when the DENV-1 was iden-
tified in the serum of patients in an epidemic in the state of Rio de
Janeiro (RJ).* The introduction of DENV-2 in 1990, also in the state
of RJ,” led to an increase in the disease severity and the first den-
gue hemorrhagic fever (DHF) cases were reported in the country.®
The introduction of DENV-3 occurred in the municipality of Nova
Iguogu, RJ and the emergence of this new serotype coused one
of the most severe epidemics reported in the country.”® In
2007-2008, the country experienced the most severe epidemic
in terms of morbidity and mortality and severe cases in children
due to the re-emergence of DENV-2. A total of 255 818 cases
werereported in RJ).% ** In 2009, DENV-1 re-emerged in the south-
east region of the country and it was this serotype detected in

50.4% of the viral isolations, displacing DENV-2 and DENV-3,**
In July 2010, DENV-4 was isolated in Roraima,** 28 years after
its first detection in that same state and soon this serotype spreod
to other states, including RJ.'* Despite the epidemic caused by
DENV-1, DENV-4 could be isolated during the disease surveillonce
supported by the laboratonaol diognosis performed.

Dengue has becorme a major public health problem in RJ due to
many factors such as the human host susceptibility, virus emer-
gences, re-emergences and serotype shifts, vector abundance
ond enwironmental factors. Since the establishment of dengue
octivity in Brozil, the loboratoriol diognosis has proven to be
imperative for disease surveiliance and in many occasions ploying
a role as an early wamning tool. The existence of an ongoing pro-
gram of virological survedlance aims to detect and monitor the
octivity of DENV serotypes in the state, where the four serotypes
co-circulate.

This study aimed to evaluate the epidermiological, loboratorial
ond clinical impoct of the emergence and re-emergence of dif-
ferent DENV serotypes in the state of RJ, from suspected dengue
cases received by the Loboratory of Flavivirus-Regional Reference
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Laboratory of the Oswaldo Cruz Institute, FIOCRUZ at RJ from
2010 to 2012.

Materials and methods

Dengue suspected cases

The specimens analyzed in this study comprised the period of
January 2010 to December 2012. Dengue suspected case sam-
ples (n=2833) were received during a Surveillonce Program per-
formed by the Laboratory of Flavivirus, IOC/FIOCRUZ, Regional
Reference Laboratory for the Brazlion Ministry of Health, located
in RJ. Acute serum samples (up to the 7th doy after the onset of
the symptoms) stored ot -70°C were submitted to virus isolation,
RT-PCR and NS1 antigen copture ELISA. Convalescent samples
{more than 7 days ofter the onset of the symptoms) stored ot
-20°C were tested by MAC-ELISA and IgG-ELISA.

Dengue cases classification

Dengue cases were dassified as dengue (cases with or without
warning signs) and severe dengue, according to the WHO das-
sification,’* with modifications due to the lock of information in
some cases. The clinical manifestations described in the
epidemiclogical records from each patient were analyzed and
positive dengue coses presenting fever with one or more
of the following symptoms: hemorrhagic manifestations, cen-
tral nervous system involverment, shock and transaminases
alterotions, were considered as severe dengue cases in
this study.

Virus isolation

Virus isolation was performed by inoculation into C6/36 Aedes
albopictus cell line*® and isolates were identified by indirect fluor-
escent antibody test (IFAT) using serotype-specific monoclonal
antibodies."’

Serological diagnostics

MAC-ELISA: the Panbio dengue IgM Copture ELISA (E-DENO1M)
was used for the qualitative detection of anti-DENV IgM anti-
bodies in serum for case confirmation occording to the manufoc-
turer's instructions.

1oG antibody detection ELISA (IgG-ELISA): the [gG-ELISA previ-
ously described was performed for the characterization of dengue
immune response as primary or secondary infections, '* in dengue
cases previously confirmed by virus isolation, RT-PCR and/or
MAC-ELISA.

NS1 antigen capture ELISA: for the NS1 antigen capture, the
Platelic™ Dengue NS1 Ag-ELISA kit (Biorad Laboratories, Marnes-
La-Coquette, France) was used according to the manufocturer's
protocol.

Molecular methods

Viral RNA was extracted from sera using Q1Aamp Viral RNA Mini kit
(Qiagen, Hiden, Germany) following the manufocturer's instruc-
tions and stored at -70 C for DENV typing.

RT-PCR for detecting and typing DENV waos performed as
described previously.’

The y* and/or Fisher exact tests were used to assess the signifi-
cance by using Epi Info 7.0.9.34 (CDC, Atianta, GA, USA).

Results

The highest percentage of the 2833 cases analyzed in this study
were from the metropolitan region of RJ (67.2%), and the counties
most affected by DENV activity in 2010-2012 were RJ and Niterai,
followed by Campos dos Goytacazes located in the north region of
the state.

Dengue was confirmed in 47.5% (1323/2833) of the cases
onalyzed considering any method used for diognosis. By RT-PCR,
56.3% (1022/1814) of the cases were confirmed; viral isolation
confirmed 33.1% (520/1569) of the cases inoculated, MAC-
ELISA confirmed 32.6% (376/1153) and NS1-ELISA 27.5% (547/
1989). DENV 1-4 were identified by virus isolation and/or RT-PCR
in 362 (27.3%), 238 (17.9%), 11 (0.83%) and 423 (31.9%) cases,
respectively, out of the 752 samples tested.

In 2010, DENV-2 was the prevalent serotype identified (153/
216, 70.8%), however, in 2011 DENV-1 re-emerged and
became the serotype responsible for most cases confirmed
(253/514, 49.2%). In Aprd of that same year, the first DENV-4
isolations were reported in the state, from cases occurring in
the city of Niterdi, located in the Metropolitan Region. The intro-
duction of DENV-4 in 2011 in RJ resulted in the emergence of
this serotype in 2012; it was responsible for 67.9% (411/605)
of dengue confirmed cases and, for the first time, the
co-drculation of the four serotypes was reported in the state
(Figure 1).

A significant increase {p<0.05) was observed in children
under 15 years-old among the dengue suspected cases as well
as in the confirmed cases (131/247, 52.9%), mainly from 2010
to 2011. An increased case confirmation was olso reported in
the oge group over 65 years (p<0.001) from 2011 to 2012
(Table 1).

Overall, dengue classification was performed in 1265 con-
firmed cases: 6.9% (88) were characterized as severe dengue
and 93.1% (1177) as dengue fever. There were fewer severe
dengue cases observed among young adults, regardless of
the year analyzed. However, a higher number of severe cases
among children under 15 years-old was cbserved in 2010, and
in 2011 in the oge group over 55 years (Figure 2).

A relationship between the disease severity ond type of infec-
tion {primary or secondary) was shown (Table 2). Individuals
infected by DENV-3 and over 64 years-old hod a significantly
higher risk of developing severe disease. Furthermore, children
15 years-old and under also hod a higher risk for severe disease
amang patients infected with DENV-2 (p<0.05, Table 3).

During the study, the fotal cases of confirmed dengue (n=67)
were due to DENV-1 in 26.8% (18) of the cases, to DENV-2 in
14.9% (10), to DENV-3 in 2.9% (2) and to DENV-4 in 7.4% (5).
Moreover, fotal cases were more frequently observed in chiidren
15 years and under in 2010 and 2011 (Table 4). Immune response
characterization was possible in 67.1% (45/67) fotal cases and
40.0% (18) were due to primary infections and 60% (27) due to
secondary ones. In the 18 fatal cases due to DENV-1, eight were
from primary infections and six from secondary ones. In nine fatal
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1. Monthiy distribution of dengue viruses serotypes detected by viral isolation andfor RT-PCR in the Stote of Rio de Joneiro, Brazd, from 2010

to 2012.
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Toble 1. Age distribution of dengue suspected cases analyzed and confirmed by ony methodology used in the laboratory, Rio de Janeiro, Brazil,

2010-2012
2010 2011 2012
Positive cases/Total onatyzed (%)
Age group (years)
0-5 624 {25) 29r87 [333) 2158 362)
6-10 10130 333) 53/84 (63.9) 3055 [54.5)
10-15 15132 {26.8) 43176 (64.4) 69117 (58.9)
16-20 13133 (393) 49/105 (46.5) 51/98 (52.0)
21-25 18135 {51.4) 53111 (67.7) S&122 (47.5)
26-30 11132 (34.3) 461104 [54.2) 57121 (%7.1)
31-35 13730 (333) 37187 (825) 467107 (42.9)
36-40 1127 {40.7) 25/81 (20.8) 50110 (53.6)
4145 1033 (60.5) 35/79 (44.3) 44190 (48.8)
46-50 2636 {55.5) 35/66 {53.0) L4/87 (50.5)
51-55 15131 (483) 34/65 (52.3) 3160 (51.6)
56-60 821 (38.0) 14135 (40.0) 3257 (56.1)
61-65 8/18 {4h.5) 13126 (50.0) 1837 (48.6)
=65 621 (28.5) 10024 (515) 27152 (51.9)
Totol 1741412 (42.2) 48211030 (46.7) 5871111 (52.8)

DENV-2 cases, three were characterized as the primary infection

and six as secondary. Fatal cases of DENV-3 and DENV-4 (one

Discussion

each) were due to secondary infections. [n 19 coses (42.2%),
the infecting serotype identification wos not possible, but the
immune response was characterized as secondary infection in
13 of those.

The Laboratory of Flavivirus ot the Oswaldo Cruz Institute, as a
Regional Reference Laboratory for Dengue Diagnosis for the
Brazilian Ministry of Health, has supported the dengue survedlance
programin the state of RJ, since the first dengue case confirmation
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Figure 2. Yearly distribution of dengue and severe dengue cases by oge group ond year of occurrence, Rio de Janeiro, Brozil, 2010 to 2012

Toble 2. Analyss of foctors ossocioted to dengue coses severity in fio de Jonero, 8razi from 2010-2012

Factors Dengue Severe dengue p-volue OR(95% (1)
n % n %
Age group (years)
<15 261 913 25 87 NS
830 94.2 52 58
&5 845 7 135 0.02
339 95.0 18 5.0 NS
196 047 11 53 NS
75.0 2 250 0.02
406 974 11 26 NS
Type of infection
Primary 19 79.2 5 208
Secondary 14 326 2 674 <0.001 7.87 {2.15-3050)

NS: not significant.

in April 1986, when DENV-1 was first isolated during an outbreak of
exanthematic disease in the city of Nova Iguogu.**“ Since then, RJ
has been impartant to the epidemiology of dengue, with the intro-
duction of DENV-2 in 1990° and DENV-3 in 2000."*

Despite the introduction of DENV-4 in Roraima in 2010 and its
subsequent spread to other states of the country, DENV-1 was the
maost prevalent serotype and responsible for epidemics with more
than 2 million cases reported in Brazi in 2010 and 2011. However,
in RJ, 2010 was charocterized by low activity compared to subse-
quent years, with 29 824 notifications. In 2011, the number of

cases increased by over 100% (76 404 caoses) and in 2012, on
increase of over 200% compared to 2010, was observed with
184 123 coses reported ”* As observed in other biennia epidernics,
most cases occurred in the first months of the year, during the
warmer and rainy season

In 2010, dengue suspected coses received by the Laboratory of
Flavivirus, IOC/FIOCRUZ constituted 1.6% of reported cases in the
state. In 2011 and 2012, 1.4% and 0.6% of the reported cases in
the state of RJ, respectively, were analyzed in the laboratory and
this sampling reflected the characteristics of the epidemics.
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Table 3. Age and infecting serotype poired andlysss and its association to the disease severity in cases studied in flio de Janesro, Brazd, 2010-2012

Age group (years)finfecting serotype Dengue Severe dengue oR (95% CI) p value
n % n %
=15
DENV-1 79 930 3 10 208 044-100 NS
DENV-2 32 865 5 135 427 082-242 004
DENV-3 1 100 NA NA NA NA NA
DENV-4 82 96.5 3 35 NA NA NA
16-65
DENV-1 230 96.2 9 38 1.05 052-433 NS
DENV-2 153 9.8 5 32 106 038321 NS
DENV-3 5 833 2 16.7 1530 1.74-1141 <0.01
DENV-4 306 980 B 20 NA NA NA
>65
DENV-1 12 857 2 163 038 0.03-432 NS
DENV-2 5 100 NA NA NA NA NA
DENV-4 15 100 NA NA NA NA N&
NA: not ovailoble; NS: not significant.

Table &. Ace ond dengue infecting serotype distribution in fatol cases occurning from 2010 to 2012 in the state of Rio de Janeiro, Brazl

2010 2011 2012
Confimed decths/deaths analysed (%)
Age group (years)
<15 618 (333) 10714 (71.4) 312 25)
16-65 633 (18.1) 17/38 (44.7) 16445 (31.1)
=65 U5 (20.0) 3/5 (60.0) 2720 (10.0)
Serotype Deaths with serotype identified (%)
DENV-1 3/14 (21.4) 15/33 (45.4) Ni
DENV-2 614 (42.8) 3/33(9.0) 1(5.0)
DENV-3 NI 1(3.0) 1(5.0)
DENV-4 NI N 5(25.00
NI: not identified.

The metropoliton areo was responsible for most cases occur-
ring during the studied period, mainly in the municipalities of RJ
and Niterdi. This region has a high population density and high-
traffic, which partly explains the concentration of the coses
studied.””

Almost half of the suspected dengue cases analyzed in this
study (47.5%; 1323/2833) were confirmed by using any of the
methods performed in the loboratory for dengue diagnosis.
There was o significant increase (p<0.001) in the rate of confirm-
ation of these cases during the study period, mainly in the muni-
cipalities of RJ aond Niterdi, accompanying the increase in
notifications during the whole period in the state. In 2011, the

number of cases in the stote accounted for 21.6% of the number
of notified cases in the country.

In a retrospective study, confirmation of dengue cases by the
Laboratory of Flavivirus, I0C/FIOCRUZ over a period of 25 years,
using any of the methods avoilable, was 33.8%.™"

Serological methods are still the most useful tool for the diog-
nasis of the disease during epidemics, as observed since its estab-
lishment in 1986 in RJ. In thot year, 68.7% of cases tested by
MAC-ELISA were confirmed.”* In this study, 32.6% were con-
firmed between 2010 and 2012. In the study by Mocedo et ol.
performed in suspected coses occurring between 2004 and
2008, the test confirmed 23% of the cases analyzed.”™
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In 33.1% of the cases analyzed this study, the four DENV ser-
otypes were identified by virus isolation using mosquitoes cell cul-
tures. In 1986/1987 when the first DENV-1 outbreak in virgin sod
was characterized, the percentoge of virus isolation was 41.2%.
The co-circulation of this serotype with DENV-2 in 1990/1991
was identified by virus isolation in 16.7% of the coses tested. In
1995/1996 and 1998, DENV-1 and DENV-2 were the serotype iso-
lated in 9.8% and 18.4% of the patients, respectively.™

Between 2004 and 2006, the low activity of DENV was charac-
terized by the low percentoge of viral isolation (from 0.35 to
1.1%). However, the re-emergence of DENV-2 resulted in a higher
percentage of viral isolation in 2007 and 2008 (5.7% and 10%,
respectively).”® Despite the emergence of DENV-1 in 2009, this
study demonstrated that DENV-2 wos still the prevalent serotype
isolated in 70.8% of the cases tested in 2010. The re-emergence
of DENV-1 was evident in 2011, when this serotype was respon-
sible for 49.2% of confirmed cases.

The introduction of DENV-4 in the state of Roraima in 2010
worned of the possibility of a new outbreak of dengue in
Brazil.** In 2011, the first isolation of DENV-4 in RJ, from cases
that occurred in the city of Niteroi resulted in the emergence of
this serotype in the state in 2012, characterized by isolation of
this serotype in 69.3% of confemed cases. That same year, the
co-circulation of the four DENV serotypes was reported for the
first time in the state.

Although the virus isolation method is considered the gold
standord for diognosis of dengue fever, the sensitivity of maolecu-
lor detection of the virol genome offers a great odvantage in epi-
demnic periods, as shown by the resuits presented here. It allowed
the viral detection in 56.3% of cases tested in the period, with
91.0% (183/201) of case confirmation in 2010. However, it is
noteworthy that the high positivity rate obtained in this study
may be the result of the selection criteria of the samples currently
odopted in LABFLAJIOC, FIOCRUZ for performing RT-PCR, which
includes the saomples testing in the acute febrile phase (up to
the 5th day of symptoms) and in many cases, previously screened
and positive for NS1 antigen. However, previous studies have
demonstroted the usefulness of RT-PCR in confirming cases and
identifying the infecting serotype when virus isolation was not
possible.’ 127,28

The NS1 antigen capture test is a more recently developed
serological method which enables the early diagnosis of DENV
infections, during the initial stage of the disease, even in lobora-
tories with limited human resources and equipment.®® The hex-
americ form of the NS1 protein is highly conserved in the four
serotypes and found circulating in the serum of patients from
the first to ninth day after the onset of fever.”®*7 In the
Laoboratory ot FIOCRUZ, this test was first introduced in 2007
and evoluoted as on alternative diagnostic method presenting o
sensitivity of 89.6% in confirmation of DENV 1-3 cases.™ In 2008,
the Braziian Ministry of Health established the NS1 antigen cap-
ture test in sentine! units for early identification of suspected
cases in several states. That same year, the ELISA Platelia™
Dengue NS1 Ag-ELISA confirmed 49% (27/55) of the cases ana-
lyzed in LABFLA / 10C, FIOCRUZ, however in this study, the con-
firmation of cases were 36.5, 29.8 and 25% in 2010, 2011 and
2012, respectively.

The introduction of a new serotype of DENV is associated with
the occurrence of major epidemics and increased proportion of
severe cases,” ' more frequent in individuals susceptible to the

new serotype circulating. Due to the lock of information on
some patients’ records, the classification of cases according to
the new WHO criteria’ was not possible. In this study, hemor-
rhoge, shock, increased transaminases levels and central nervous
system involvernent was considered for severe case classification.
From 2010 to 2012, 6.9% of the coses confirmed were dlossified
as severe dengue cases and this observation is in ogreement with
those reported for the state of RJ.

Our results suggested a significantly higher risk for developing
severe disease among children 15 yeors-old ond under in 2010,
and individuols over 65 years-old in 2011, while in 2012 there
was a more homogeneous distribution among age groups.
However, disregarding the period studied there was a significant
difference between age groups. It has been demonstrated that
individuals infected with DENV-3 had a greater chance of present-
ing signs and symptoms associoted with severity (OR=12.30,
95% CI 1.52-80.98, p<0.05), however this should be carefully
addressed due to the small number of DENV-3 cases represented
in this study. It also demonstrated an increased risk of severity in
individuals older than 64 years (OR=2.51, 95% CI 0.98-6.15,
p-0.05). Additionally, it demonstrated an increased risk of severe
dengue in secondary cases.

The higher fatal case confirmation in this study was observed
in 2011, when a prevalent circulation of DENV-1 was observed in
the state. Despite this, an increased number of deaths from sec-
ondary infections and due to DENV-2 were reported. However, an
increase in deaths due to primary infection was also described.

As previously described, the four DENV serotypes were reported
simultaneously for the first time in RJ, however one of the limita-
tions of the study was the low number of DENV-3 cases identified
during the period.

Dengue has becorme a major public health problem in RJ due to
many factors such as the susceptibility of the human host, emer-
gence and re-emergences with alternating dirculation of sero-
types, high rote of infestation of mosquito vectors and
environmental foctors. In this scenario, it also became evident
that loboratory diognosis has a major role in disease surveillance,
both in inter-epidemic periods and epidemics, and acting prevent-
ively as a tool for early detection of dengue cases. Furthermore, it
has been shown here that viral emergences or re-emergences
may play different roles in the disease epidemiology, especially
when many serotypes co-circulate.
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Artigo 11: Insights of the genetic diversity of DENV-1 detected in Brazil in 25 years:

Analysis of the envelope domain I11 allows lineages characterization.
Situacdo do manuscrito: Artigo publicado na Infection, Genetics and Evolution

Classificagdo QUALIS: Area de Medicina Il — A2

Referéncia: de Bruycker-Nogueira F, Nogueira RM, Faria NR, Sim&es JB, Nunes PC, de
Filippis AM, dos Santos FB

Resumo: Dengue virus type 1 (DENV-1) was first isolated in Brazil in 1986 in the state of
Rio de Janeiro (RJ) and during 25 years, this serotype emerged and re-emerged causing
explosive epidemics in the country. Here, we aimed to present the phylogeny and
molecular characterization based on the envelope gene (E) of DENV-1 (n=48) isolated
during epidemics occurred from 1986 to 2011. Six full coding region genomes of DENV-1
were fully sequenced and possible genomic recombination events were analyzed. The
results showed that the Brazilian DENV-1 isolates analyzed belong to genotype V
(Americas/Africa), but grouping into distinct clades. Three groups were identified, one
dating from 1986 to 2002 (lineage 1a), a second group isolated from 2009 to 2011 and a
representative strain isolated in 2002 (lineage 2), and a group of strains isolated from 2010
to 2011 (lineage 1b). The lineages 1a and 1b were more closely related to the American
strains, while lineage 2 to the Asian strains. Amino acids (aa) substitutions were observed
in the domains | and 11l of the E protein and were associated to the lineages segregation. A
substitution on E297 differentiated the lineage 1a from the lineages 1b and 2. Substitutions
on E338, E394 (domain I11), E428 and E436 (stem region) differentiated lineages 1a, 1b
and 2. With the exception of the C gene, all the others genes analyzed allowed the DENV-1
classification into the distinct genotypes. Interestingly, the E gene's domain Il and stem
regions alone were able to characterize the distinct lineages, as observed by the analysis of
the entire E gene and the complete coding region. No recombinant events were detected,
but a strain belonging to lineage la was closely related to a known recombinant strain
(AF513110/BR/2001).
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Dengue virus type 1 (DENV-1) was first isolated in Brazil in 1986 in the state of Rio de Janeiro (K]} and
during 25 years, this serotype emerged and re-emerged causing explosive epidemics in the country.
Here, we dmed to preent the phylogemy and malecula characterization based an the emelope gene
(E) af BENV-1 (n = £4) isolated during epidemics oooured fram 1286 to 21011, Six full ooding region gen-
ames of DENV-1 were fully ssquenced and possible genomic remmbination events wene anayzed. The
results showed that the Brazilian DENV-1 isolates analyred belong to genotype V (Amerias Wria),
but grouping into disting dades. Three groups were identified, one dating from 1986 to 2002 | lineage
lal. a serond group isolated from 2009 to 2011 and a tmtive strain isolated in 2002 (lneage
2), and a group of sirains isoluted from 2010 to 2011 (lineage 1b). The lineages 12 and 1 b were mare do=
sely redaied to the American sirains, while lineage 2 to the Asian sirains. Amino adds (2a) substitutions
were observed in the domains | and I of the E proiein and were assocated to the lineages segregation. A
substitution an Ezge differentiated the linsage 12 from the linmges 1b and 2 Substitnions on E; . Exs
(domain M} Eqs and Eiz (stem region) differentiated lineages 12, 1b and 2. With the exception of the C
gene, all the others genes analyzed allowed the DENV.1 dasifiction into the distind genotypes.
Inierestingly, the E gene’s domain Il and seem regions alone were ahle to chamcterize the disting line
eage, & observed by the analysis ofthe entire E gene and the complete anding region. Nao remmbinant
events wene detected, but 2 strain belonging to lineage 12 was closdy related @ 2 known remmbinant
strain (AFS 1311 0/BR 2001

& 301 5 Elsevier BA All rights resenved.

1. lnvirsdhe thom

Dengiie virises (DENV 1-4) belong to the Findviridoe family
Al Flanvivirus genors and @xist in either syl vac or humnan iransmis-
sion cycles most prevalent in tropical and subtropicsl aress
(Vasilakis et a1, 2011) The ditesse has become 3 major piblic
health problem with relevant social and economical impact due
o the increxted geographic extension, number of cases and disease
severity (Guzman and Harris, 20050 The viral genome of approxi-
mately 11kb in sire, encoded thee structural proteins (capsid |C).
membrane |M] and envelope |E| seven non-structural proteins
[N51, N52A, N52E, N53, N54A, NS4B and NS5) and is flanked by
appraximately 100 nucleatides (i) at the 5° untranslited regon
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(UTR) and 388-462 nts at the 3 UTR (Chambers et al, 15950,
Shurtlell et al, 2001, Miller et al, 20010}

The four DENV dhare 3 65-70% genome seqienie
homalogy and are clustered into different genotypes due to high
mutation rates (Holmes and Twiddy, 2003 ) DENV-1 (a5 into five
distinet genotypes designated 39 genotype | [ Southesst Asis, Ching
and Exit Africa ), genotype 1 (Thailand), genotype 01 (Maliysia ),
genotype 1V (South Pacific) and genotype V (Americxsiirica)
and, the existence of lines ges with disting geographic and tempo-
ral relationships, have been reported previously in the Americas
(Myat Thu et al, 2005; Kukreti et al, 2009) and Asia (Zhang
et al, 205, 2014, Carillo-Valenzo & al, 2000; Duong &t al.,
2013; Lambrechits et al, 20012; Shin et al, 2003 ) The bem =T neage™
hadbean ided to charaoteripe thite virused clustened in claded in s
taxondmic level benesth genotype (Mender e al, 20100
Furthermore, thise genetically distinct lineages may temporally
emerge or disappear on 2 regular basis (Drumond et al, 2012,
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Choudhury et al, 2014) however, the mechanisms involving lin-
eage’s replacement, emergences or disappearances are not fully
known.

DENV evolution has a major impact on its virulence to humans
and epidemiology of the disease worldwide. Although antigenic
and genetic differences in viral strains are evident, the lack of an
animal model of the disease, difficulties the studies on DENV
pathogenesis. The patients immune status and genetic characteris-
tics of the host are also determinants for the disease outcome.
However, phylogenetic studies also allow the correlation between
specific genotypes and disease severity. Although genetic variants
of DENV have been implicated in disease severity, it was with
the advances in evolutionary studies based on phylogenetic analy-
sis combined to epidemiological data that, genotypes within each
serotype may be associated with a greater or lesser disease
severity.

Phylogenetic studies based on either partial and/or complete
viral genomic sequences have contributed for the understanding
of DENV evolution and diversity, including recombination events
{Weaver and Vasilakis, 2009). Evidences for DENV-1 recombina-
tion have been reported previously (Tolou et al, 2001; dos
Santos et al., 2002; Aaskov et al,, 2007; Chen et al, 2008; Weaver
and Vasilakis, 2009; Carvalho et al, 2010; Shin et al, 2013; Chu
et al, 2013).

In Brazil, more than eight million dengue cases were reported
over the past 20 years (Silva, 2013; SV5/MS, 2013, 2014) and, the
state of Rio de Janeiro in particular, has been important for the dis-
ease epidemiology, since DENV-1 introduction and spread in 1986.
After epidemics caused by the introduction of DENV-2 in 1990,
DENV-3 in 2000 and the re-emergence of DENV-2 in 2008,
DENV-1 re-emerged in 2009, displacing DENV-2 and DENV-3 and
caused more than 1 million probable cases in 2010 (reviewed in
dos Santos et al. 2013). The phylogeny of DENV-1 recently
re-emerged characterized the existence of multiple lineages for
the first time in the country (dos Santos et al, 2011). However, a
more detailed analysis, broader characterization of strains and pos-
sible recombination events within this serotype, was not per-
formed. Therefore, herein, we aimed to perform the phylogeny,
molecular characterization and analysis of possible recombination
events of based on the analysis of the E gene (1,485 nucleotides
|nts]) and complete coding region (10,176 nts) of Brazilian
DENV-1 isolates over the 25 years (1986-2011)

2. Materials and methods

2.1. Ethical statement

The strains analyzed in this study belong to a previously gath-
ered collection from the Flavivirus Laboratory, IOC/FIOCRUZ, Rio
de Janeiro, Brazil, obtained from human serum from an ongoing
Project approved by resolution number CSN196/96 from the
Oswaldo Cruz Foundation Ethical Committee in Research (CEP
274)05), Ministry of Health, Brazil. Samples were chosen anony-
mously, based on the laboratorial results and clinical manifesta-
tions available on the Laboratory database.

22, Dengue viral strains

The DENV-I strains (n = 48) analyzed were detected in serum
samples from patients positive for dengue by virus isolation and/or
RT-PCR, received at the Favivirus Laboratory (LABFLA)
IOC/FIOCRUZ, Regional Reference Center for Dengue and Yellow
Fever Diagnosis from epidemics occurred between 1986 and
2011. Viral strains were selected according to the year of isolation,
state of origin and dinical manifestation presented, according to

the WHO (2009) classification: dengue without waming signs
(DWWS), dengue with warning signs {(DWS) and severe dengue
(SD). The Brazilian states represented were: Rio de Janeiro (R]),
Minas Gerais (MG), Espirito Santo (ES), Mato Grosso do Sul (MS),
Ceara (CE), Alagoas (AL) Rio Grande do Norte (RN) and Piaui (PI).
Forty-three strains were derived after one or two passages of the
original isolate on cell culture and five were analyzed directly from
the serum sample. Virus isolation was performed by inoculation
into (636 Aedes albopictus cell line (Igarashi, 1978) and isolates
were identified by indirect fluorescent antibody test (IFAT) using
serotype-specific monoclonal antibodies (Gubler et al, 1984)

2.3. Viral RNA extraction

Viral RNA was extracted from 140 pL of supernatant from cul-
tures isolated or serum using the QIAmp Viral Mini Kit (Qiagen,
Inc., Germany) according to the protocol described by the manu-
facturer and stored at -70°C

24. Reverse transcription followed by the polymerase chain reaction
(RT-PCR)

The methodology described by Lanciotti et al. ( 1992) was used
to confirm the positivity of DENV-1 strains. This protocol detects
all four serotypes simultaneously in a semi-nested procedure, gen-
erating amplification products with specific size in base pairs (bp)
of each DENV serotype.

2.5. Dengue virus genome amplification, sequencing and
recombination analysis

For E gene sequencing of DENV-1, primers sets 1-4 were used to
amplify overlapping fragments of approximately 900 bp and 16
sets to amplify the complete genome coding region (Table 2)
Five microliters of the extracted RNA was reverse transcribed into
¢DNA and amplified for sequencing using AccessQuick™ RT-PCR
System (Promega Corporation, Wisconsin, USA). The thermocycling
parameters consisted of one cycle of reverse transcription
(42 “C/60 min), followed by 40 cycles of denaturation (94 *C/35 s),
annealing {63 °C/1 min) and extension (72 “C/2 min), ending with
a final extension cycle (72°C/10min), in a GeneAmp* PCR
System 9700 (Applied Biosystems”, California, USA). PCR products
were sequenced in both directions using the BigDye Terminator
Cycle Sequencing Ready Reaction version 3.1 kit (Applied
Biosystems”, California, USA) and the thermocycling conditions
consisted of 35 cycles of denaturation (94 °C/1 min), annealing
(63°C/2min} and extension (72 “C/3 min). Sequencing was per-
formed on an ABI 3730 DNA Analyzer, Applied Biosystems”,
California, USA (Otwo et al, 2008) and the sequences generated
were deposited on GenBank (Table 1). The sequences analysis
was performed using the Chromas® 1.45 (hup://www.technely-
sium.com.au/chromas!4x. hitml). The percentages of nts and amino
acid (aa) identities were determined using BioEdit (http:/ www.
mbio.ncsuedu/bioedit/bicedithtml), sequences’ identity was per-
formed using BLAST (http://blast.achinim.nih.gov/Blast.cgi) and
alignments using CLUSTALW2 (http://www.ebiac.uk/Tools/
msza/clustalw2/) Phylog enetic trees were constructed using the
MEGA 6 (http://www.megasoftware.net/), by the “Maximum-Like
lihood" method, according to the Tamura-Nei 93 model and
Gamma distribution (TN93 + G), with a bootstrap of 1000 replica-
tions. The trees were built based on the analysis of the best-fit
model for each dataset, as provided by the software. Six discrete
Gamma categories were used to model evolutionary rate differ-
ences among sites. The Brazilian strain AF226685.2/BR/90 was con-
sidered as a reference sequence for comparison purposes and
strains representative from the five genotypes available in
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Table 1
DENV-1 strains used in this study for partial (E gene; » =43} and complete coding region sequencing (= = 0) of the genome.
1Dstate year of Origin of strain  Passage in C6/30 Case Classification (WHO Genes Cenhank accession References
isolation culture 2009) sequenced number
31708/R)/1980 1solated (C0/30) 15t DWWS C/prM/MJE HOO20700 dos Santos et al
(2011)
31807Rj/1980 Isolated (CO/30) 1st DWWS CJprM/MIE IN122280 dos Santos et al
(2011)
I0034/R)(1988 Isolated (C8/30) 2nd DWWS (€ —~NS3) KFO72761 This study
38155(R|/ 1989 Isolated (CB/30) 1st DwWws [C <~ NS) KFo72702 This study
43907/M5/1991 Isolated (CO{30)  1st DWWS CJpeMMJE KF672791 This study
38483/MG[ 1997 1solated (CO/30) 1st s CJpeM/MJE KFo72709 This study
38322/MG[1997 Isolated (C0/30) 1st NI ClpeM/MJE KFB72770 This study
38340/R} /1997 lsolated (CBy30) st DWS C/peM/MJE KFG672771 This study
38010/R](1997 Isolated (CBy30) st DWWS C/peM/ME KFO72772 This study
S8724/RN[1957 Isolated (CB/30) 1t NI CJprMMJE KFO72773 This study
60008 R}/1998 Isolated (C/30)  1st s C/peMIME KFG72774 This study
60443/CE/1998 Isolated (C6/30) 1st DWWS CJpeM/MJE KFO72775 This study
G0800/MG/(1958 lsolated (C0/30) st ows C/peM/MJE KFO72776 This study
600 19/MG/1998 Isolated (CO/30)  1st 50 ClpeM/MJE KF072777 This study
62114/E5/1998 lsolated (CBy30) st DWWS C/peM/MJE KF672778 This study
62189/£5/1998 Isolated (CO/30) 1st ows ClpeMMJE KFG72779 This study
64450(R)/ 1995 Isolated (C8/30) 2nd Dws C/peM/MJE KF672780 This study
64451/R)( 1999 Isolated (C30) 15t DWWS C/peMIME KF672781 This study
04010/R}( 1999 1solated (C6/30) 1t DWWS CJpeM/MJE KFO72792 This study
60308 R/ 2000 lsolated (C0y30) 15t DWWS C/peM/ME KFO72782 This study
©O094/ES/2000 Isolated (CO/30) 1st NI (€« NS3) Kfo727603 This study
67993/P12000 lsolated (CBy/30) st NI (€ —<Ns3) KFG72787 This study
GEH20(R|(2001 Isolated (C0/30) 15t oWwWS CJpeM/MJE KFO72704 This study
71002/Rj(2001 Isolated (C6/30) 1t DWS CJpevMJE KFe72788 This study
73424/ES{2002 lsolated (C030)  1st DWWS C/prMIMJE KFO72783 This study
15_2010/MS/2010  Serum DWWS C/peM/MJE HNO56a12 dos Santos et al
(2011)
£70_2010/MS/2010  Isolated (CO/30)  1st NI ClpeM/MJE KFB72768 This study
2070 2010/R)/2010  1solated (C0Y30) 2nd Fatal case C/peM/MJE KFOT2780 This study
1141_2011/AL2010 Isolated (C0y30) 15t NI C/peMMJE J0I3184 This study
1142_2011/AL/2010  Isolated (CO30)  1st NI C/prM/MIE J0131Es This study
122_2011/Rj2011 lsolated (COy30) 15t DWWS CJpeMIMJE INI22281 dos Santos ef al
(2011)
169_2011/Rjj2011 Isolated (C0/30) 1st Fatal case ClpeM/MJE KFo72763 This study
3252011 /Rj[2011 Isolated (C0/30) 1st 50 ClpeM/MJE KFB72700 This study
1049_2011/Rj/2011 Isolated (CBy/30) st ows C/peM/MIE KFO727%0 This study
1200 2011/RY/2011  Isolated (CO/30) 1st Fatal case [C—NS3) KFG72700 This study
T3B34/E5/2001 Isolated (C0/30)  1st owWws C/peM/ME KFO72789 This study
53_2009)ES/2009 Isolated (CO/30) 15t NI ClpeMIMJE HMU043709 dos Santns ef b
(2011)
1433_2003/R}/2009  Serum DWWS C/peM/MJE HOO20761 dos Santos et al
12011)
1433 _2008/R} 2009 Serum owws ClpemIMIE HMO043710 dos Santos et Al
(2011)
19_2010/R{/2010 Serum owws C/peM/MJE HOo20762 dos Santas ef al
12011)
20_2010/RY2010 Serum DWWS C/peM/MJE HNOSGA13 dos Santos et al
(2011)
188_2010/R)/2010 Isolated (CO/30) 1st WS ClpeM/MJE HI096a14 dos Santos ef al
[2011)
242 2010/R}[2010 Isolated (CB/30) 1st DWWs |C -+ NS3) KFO727%8 This study
3102010/ES/2000 Isolated (CB/30) st Fatal case C/peM/MJE KFO72783 This study
368_2010/ES/2010  lsolated (COy/30)  1st Fatal case C/peMIMJE KF719187 This study
394 2011)CE/2010  Isolated (C0Y30) 1st N CJpeM/MJE JNaE2I62 This study
312_2011/Rjj2011 lsolated (C0y30) 15t DWWS C/peM/MJE KFO72767 This study
314_2011/Rj/2011 Isolated (C0/30) 1st Fatal case ClpeM/MJE KFO72784 This study

1D: identification; BR: Brazil; R): Rio de Jameiro, ES: Espirito Santo; MG: Minas Cerais: MS: Mato Grosso do Sul; EC: Ceard; AL: Alagoass PE: Plaui: NE No information: SD:
severe dengue; DWWS: dengue without waraing signs: DWS: dengue with warning signs; C: capsid; prM: pre-membrane; M: membrane; E- envelope; NS3: noastructural

protein 3; WHO: World Health Organization

Genbank (www.ncbinlmonih.gov) were also used for the analysis.
The analysis of the aa substitutions in the E gene was performed
using the Bioinformatics Toolkit (http://toolkit.tuebingen.mpg.
de/). The Visual Molecular Dynamics Program (Humphrey et al,
1996; http://www.ks.uiuc.edu/Research/vmd/) was used for the
aa localization on the E protein. The analysis to detected possible
recombination events among DENV-1 isolates was performed
using the RDP and BOOTSCAN methods in the Recombination

Detection Program 3 (Martin et al., 2010; http:/ /darwin.uvigo.es/
rdp/rdp.html), by using default parameters.

3. Results
Aiming to perform the molecular characterization and phyloge-
netic analysis of DENV-1 during 25 years of viral activity in Brazil

(1986-2011), viral strains (n = 48) isolated from patients present-
ing different disease manifestations were sequenced. Partial
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Table 2
Oligemucieotide primers used for the amplification of the E gene and the complete coding region of Braziian DENV-1 strams.
1D prsmer Primer sense A (3-3) Primer antisense B(¥-3') Position in the genome Amplacon (bp) Tm | 'C)AB
1 TTA GTC TAC GTG GAC CCA CAA CAA GCC TAT TCC CAC CCA TCG 6-938 532 62/03
2 TCGA CCT ATC GCGA CCTGTTCTC A CAG TCC AAT CTC AGC GCT CC 600-1405 805 63/03
3 GAC GCG AAC TTT GTG TGT CC GGC CCA TCT GTT CCT TCG TA 1193-1500 707 03/04
K CTC CGA TCA CAA GAA CGA CCA CCAATC CCT GCT CAC ACT CTT 1091-233% 848 6303
3 GCC ATT AAA TTCAAC CAC CAC © ACT TGC CTA GAT GLC ATC CC 2332-3217 883 62/o2
o TCT GTC ACC ACC CCCTAA TG CAT TGC AAC TCC ATC CCC TAG 2932-3842 890 63/02
7 CCT AGC CTT GAT GCC TACTCT CA GCC CAA CAC TCC TCT TTG CA 3097-4350 859 62/04
8 CCACTT TGC TGG CAG TCT €A TGT AAT TGG GAA CTC TCA CTG GG 4431-331 504 63/o2
9 CTC CCA CAA GAC TTG TCC CC TCC COC TCT ATT GCT GCA CT 31870008 881 63/03
0 TGC CCA AAC GAG AGG AAC AAT GTCCTC TCC ACTCCC TG T 3884-0731 867 02/03
1 TCA CCGC YT TCT TCC TAT CAC G CCA GAA TTT TCC TOG AGATCC € G379-7447 808 62/03
12 CTC GAC GGG ATT GTT GCA AT CCC TOC ATC TTT CCT TTG €A T208-8100 892 03/03
13 CTC AGA AAT GTC ACA CCC TTC TGT TTC GTT TTC ATC AAC CAA CAC TG T983-8802 819 62/a2
4 CAC ACC CTT CGG ACA ACACA CCA TCT TIT TCC AAC CAG TCA AC £008-5300 852 02/63
13 AATCC AAC CCTCATCCATET T TCY CAT TCC CCA TCA GCC TT 9323-10183 28 63/o2
16 GTG GAA TAC GGT TTG GAT AGAGGA A TTC TGT GCC TG AAT GAT CCT 10000-10073 005 03/03

According to the DENV-1 strain Cenbunk Accession number AF313110.

genome sequencing (C/prM/M/E genes; 2325 nts) was performed
in the 48 DENV-1 strains and full-length genome sequencing (com-
plete coding region; 10,176 nts) was performed in 6 strains. A total
of 22 DENV-1 strains were from DWWS cases, 7 from DWS, 4 SD
and 6 from fatal cases. The geographical origin of the strains repre-
sented the Southeast region - Rio de Janeiro (RJ), Minas Gerais
(MG) and Espirito Santo (ES): Northeast region-Alagoas (AL),
Ceara (CE), Piaui (PI) and Rio Grande do Norte (RN); and the
Midwest region - Mato Grosso do Sul (MS), Table 1.

3.1. Phylogeny and molecular characterization of DENV-1
strains based on the analysis of the E gene

Phylogenetic analysis based on the E gene of the 48 DENV-1
showed that all strains analyzed belong to genotype V
(Americas/Africa), but the DENV-1 isolated during this serotype’s
reemergence (2009-2011), grouped into distinct clades. The
groups were differentiated into two lineages, one sub-divided into
two lineages. Samples representing the DENV-1 intreduction in
Brazil (1986-2002) and strains isolated from 2010 to 2011 were
grouped in lineage 1. Those two groups were phylogenetically
related, but one sub-division was evidenced and those considered
as lineages 1a and 1b, respectively. Another distinct group repre-
sented by strains isolated from 2009 to 2011, and a strain repre-
sentative of 2001, were considered as lineage 2, Fig. 1.

The E gene sequences alignment demonstrated conserved nts
substitutions among strains of the same lineage, and it was respon-
sible for the changes of some aa in domains [ and 111 of the E gene.
In the domain I, a substitution in Exy (T —+ M) was observed
between lineage 1a and the lineages 1b and 2, respectively. Four
substitutions were detected in domain Ill, at positions Esss
(S~ L) Eygq (K—=R]), Egzy (V— L) and E 5, (V —1). The substitu-
tions occurred at positions E,,,, E,,, and E,,, were conserved on
strains from lineage 2, while strains from lineage 1be, showed con-
served modifications in the position Eyus (Table 3). The domain Il
and stem region of the E gene presented the highest number of
substitutions causing changes in conserved aa among the strains
and, the phylogenetic analysis based on this domain was sufficient
to segregate the different lineages (Table 3 and Fig. 2). The aa
replacements in the ectodomain of the E protein is represented
in a three-dimensional model (Fig. 3) The nts sequences identity
of the E gene from 48 DENV-1 strains ranged from 956% to
07.2% between lineages 1a and 2, from 96.6% to 98.1%, between lin-
eages 1a and 1b and, from 95.2% to 96.2% between lineages 2 and

Ib. Comparing those with genotypes L 1, [l and IV, the nts diver-
gences observed, ranged from 6.3 to 8.7%.

3.2. Phylogeny and molecular characterization of DENV-1

strains based on the complete genome’s coding region
(C - NS5)

The phylogenetic analysis based on the sequences of the entire
coding region of six DENV-1 strains, corroborated the analysis of
the E gene and characterized those strains as belonging to geno-
type V (Americas/Africa), Fig. 4. In order to determine which
DENV-1 genes could be used to differentiate the distinct lineages,
phylogenetic trees were constructed based on the C, prM/M, E,
NS1, NS2A, NS2B, NS3, NS4A, NS4B and NS5 genes. Except by the
C gene analysis, all genes allowed the genotype V characterization.
The analysis of the E, NS3 and NS5 genes enabled the DENV-1
grouping into two different lineages (lineages 1 and 2). However,
only the analysis of the E gene was able to characterize the
sub-lineages 1a and 1b, with bootstrap support »>75%.

The companson of the 3,392 aa corresponding to the 10,176 nts
of the six Brazilian DENV-1 to the strain AF2266852/BR/90,
showed 82 aa substitutions along the entire region (Table S1).
The strains 36034/R]/1988 and 38159/R|/1989 showed six and
seven substitutions, respectively. The strains 66694/ES/2000 and
68826/R]/2001, belonging to the lineage 1a, showed a higher num-
ber of substitutions, nineteen and sixteen, respectively. In the
strain 1266_2011/R]/2011, representative of the lineage 1b, a total
of 26 aa substitutions were identified and the strain
242_2010/R]/2010, representative of lineage 2, presented 43 sub-
stitutions. Most substitutions were unique to the sequences, but
sixteen were conserved among the strains studied. In the strains
isolated in 2000 and 2001 (lineage 1a), nine substitutions were
detected in NS1, NS4B and NS5 genes. Three substitutions were
found in strains representative of lineage 1b and 2 in E,;,
(T — M), NS2A47 (K — R) and NS5gy (I - T). The nucleotides iden-
tity of the six complete coding region sequences ranged from 96.1%
to 96.5% between lineages 1a and 2; from 97.3% to 97.9%, between
lineages 1a and 1b and 95.4%, between lineages 1b and 2.

The analysis of the E gene from Brazilian strains belonging to
genotype V and other genotypes available in GenBank, showed
no evidence of recombination. However, the analysis of the com-
plete coding region identified a possible recombination event in
the strain AF513110.1/BR/2001 isolated in the state of Parand in
2001. The strain 36034/BR/R]/ 1988 isolated in R} in 1988 was more
closely related to that possible recombinant, indicated by P values
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Fig. 1. Phylogenetic analysis based on the E gene of 43 Brazilian DENV-1 isolates during the epademic periods (1986-2011) Maximum-likelihood method, TNSS + C model

with 6 discrete Camma categonies (parameters = 0.2030). The DENV-1 sequences analyzed are represented asc circle [lineage 12), triangle (lineage 1b} and diamond (lineage
2). DENV strains were named as follows: GenBank accession number jcountry year.
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of 639 « 107, 5.75 « 10°™, obtained by the RDP and BootScan
methods, respectively. The region indicated as recombinant, ranges
from nts position 8037 to 8677 (aa 2679-2893) within the NS5
gene, and overlaps the coding region for the Fts] methyitransferase
(aa 2548-2714) and Flavi_NS35 (aa 2743-3386).

4. Discussion

In Brazil, DENV-1 was first detected in 1982 in Roraima during
an outbreak that did not spread (Osanai et al, 1983). However, in
1986 the introduction of this serotype in Rio de Janeiro resulted
in more than 60000 cases and the spread of the virus
(Schatzmayr et al, 1986) establishing a new national public heaith
concern (Nogueira et al., 2007; Rodriguez-Barraguer et al, 2011).
In 2009, DENV-1 reemerged and caused a major DENV-1 epidemic
in 2010 and, for the first time, distinct viral lineages were reported
(dos Santos et al., 2011).

131

DENYV are highly diverse {Wang et al, 2002; Aaskov et al,, 2006;
Thai et al, 2012) and this genetic diversity has been described in
different genotypes within each serotype (Rico-Hesse, 1990,
2003; Weaver and Vasilakis, 2009). The genotype V of DENV-1
has been previously investigated and the circulation and replace-
ments of lineages have been reported in Brazil and in other
American countries (Mendez et al, 2010; dos Santos et al, 2011;
Yamanaka et al, 2011; Cameiro et al, 2012; Drumond et al,
2012; Mufioz-Jardan et al, 2013; Adez and Rips, 2013; Dash
et al, 2015) It has been shown that this serotype had three intro-
ductions events in Brazil (Drumond et al., 2012)

In this study, the analysis of 48 sequences of DENV-1 represent-
ing strains isolated in 25 years in Brazil, characterized distinct lin-
eages and showed that, lineages 1a and 1b are more closely related
to DENV-1 of Latin American origin and lineage 2 with viruses of
Asian origin. Aa substitutions were observed in all sequences ana-
lyzed, mainly in the domain Ill of the E gene and corroborate

Table 3
Amino acid substitutions predicted to differentiste the distinct Brazilian DENV- kineages based an analysis of the envelope (E) gene.
ID state year of isolation E gene (position|jsubststution of amino acid Cenotype Rico-Hesse (2003}, Weaver and Vasilakis (2005 Lineage
Domain 1 Domuin It
Exar Eye Exn Eqn Eos

31708/R)/1980 T s K v v Americas/Africa (V) Lineage 12
31807/RY/ 1986 . . > X Americas/Africa (V) Lineage 13
30034/R)/ 1988 : > £ Americas/Africa (V) Lineage 13
38139/R}/1989 ) 3 : Americas/Africa (V) Lineage 12
43507/Ms/1991 : 2 8 Americas/Africa {V) Lneage 12
38483/MG/1997 . 2 A Americas/Africa (V) Lineage 12
58322)MC1997 . & . Americas/Africa (V) Lineage 12
38340/R)/ 1997 : % > Americas/Africa (V) Lineage 12
38010/RY/ 1997 . A : Americas/Africa (V) Lineage 13
38724/RN/1997 : 3 : Americas/Africa (V) Lineage 13
0000E] RY/ 1998 : d £ Americas/Africa (V) Lineage 12
00443/CE/1938 R i R Americas/Africa {V) Lneage 12
00000/ MG/1938 . A . 3 A Americas/Africa (V) Lineage 12
00015/MC/ 1998 . L . & : Americas/Africa (V) Lineage 12
62114 ES/1998 i . : % ” Americas/Africa (V) Lineage 12
62189/ES/1998 2 . : A . Americas/Africa (V) Lineage 13
04430/R 1999 3 A 3 > ¢ Americas/Africa (V) Lineage 13
04431 R}/ 1999 . ‘ ‘ . . Americas/Africa (V) Lineage 12
O4010/R)/1999 : 3 3 2 8 Americas/Africa {V) Lineage 12
00368 /R}/2000 : A : 7 A Americas/Africa (V) Lineage 12
00054 [ES/2000 . g . & . Americas{Africa (V) Lineage 12
67993 /P1/2000 . R . . £ Americas/Afrka (V) Lineage 13
08320/R}/2001 A : 2 A . Americas/Africa (V) Lineage 13
71002/R}/2001 3 A : > £ Americas/Africa (V) Lineage 13
73424/ES12002 2 ‘ . d . Americas/Africa (V) Lineage 12
13_2010/MS[2010 M ; R 3 - Americas/Africa {V) Lineage 1b
876_2010/MS/2010 M A R . A Americas/Africa (V) Lineage 1b
2676_2010/R[{2010 M . i . . Americas/Africa (V) Lineage 1b
1141_2011/AL)2010 M S R . 5 Americas/Afrka (V) Lineage 1b
1142_2011/ALJ2010 M . R . . Americas/Africa (V) Lineage 1b
122 2011 (Rjj2011 M f R 5 v Americas/Africa (V) Lineage 1b
105_2011/%)/2011 M : R . : Americas/Africa (V) Lineage 1b
323_2011/R}j2011 M ; R 3 . Americas/Africa {V) Lineage 1h
1048 _2011/Rj(2011 M . R . . Americas/Africa (V) Lineage 1b
1206_2011/8j/2011 M . ] . . Americas/Africa (V) Lineage 1b
73834)ES/2001 M L , L 1 Americas/Africa (V) Lineage 2
33_2009/E5/2009 M L L I Americas/Africa (V) Lineage 2
1433_08(R]/2009 M L L 1 Americas/Africa (V) Lineage 2
1433_09/R)/ 2009 M L L 1 Americas/Africa (V) Lineage 2
19_2010/K)[2010 M L L 1 Americas/Africa {V) Lineage 2
20_2010/RJ2010 M L L 1 Americas/Africa (V) Lineage 2
188_2010(R}/2010 M L L 1 Americas|Africa (V) Lineage 2
242_2010{8)2010 M L L 1 Americas/Africa (V) Lineage 2
316_2010/£5/2010 M L L 1 Americas)Africa (V) Lineage 2
368_2010/£5/2010 M L L 1 Americas/Africa (V) Lineage 2
3594_2011/CE/2010 M L L 1 Americas/Africa (V) Lineage 2
312_2011/R)2011 M L L 1 Americas/Africa (V) Lineage 2
314_2011/Rj2011 M L L ! Americas/Africa (V) Lineage 2

T: threonine: S: serine; X: lysine: V: valine: M: methionine: L- Jeocine: R arginine: I isolewcine.
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Fiz. 2. Phylogenetic analysis based on the coding sequence for the domain 1l and stem region of the E gene of Brazilian DENV- 1 isolates during the epademic periods [ 1980
2011} Maximum-likelihood method, TN93 + G model with six discrete Camma categories (parameters: =0.2941) The DENV-1 sequences analyzed are represented as: circle
(lineage 1a), triangle (Eneage 1b) and diamond [lineage 2). DENV strains were named 35 follows: GenBank accession number/country year.
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previous observations

Substitutions on domain lll may alter thL viral p\nn\lg immuno-
geniaty, may influence pathogenicity and determine the receptor
specificity, type of vector, host and cell :m;‘/zsm (

. As some regions in du’mm i
are target for neutralizing amlhw’m in humans, mutations in this
region could have important functional consequences i
201: ‘ described aa substitutions at the posi-
tion E,, in four DENV-1 strains from severe dengue patients, how-
ever in this study, substitutions at this position were observed in
strains isolated from patients with all clinical presentations.
Substitution at Eygs (M — V) and Eyoe (T -+ P), considered as viru-
lence markers (! g ., were not identified in the
strains analyzed in this study.

Three substitutions were observed in prM, but at prM.,, a single
strain representative of the lineage 2, presented a valine instead of
an alanine and this observation has been described previously
when Indian strains were compared to strains globally (}

. Substitutions at positions NS1,, and NS1,; identified
in two strains from lineage 1a are located immediately by the lin-
ear epitope "' "HKYSWK. As the NS1 glycoprotein is involved in the
early stages of viral replication, it would be important to determine
whether those aa differences among the strains studied, would
affect the antigenicity and the biologic ._l activity of NSI

i t al,, 2002) ! 2007 ) analyzing a
mutant DENV-1 NSI demonstrated that a tyrosine {Y) residue at
position NS1.4», highly conserved in DENV-1, would be important
for NS1 function. In this study, a substitution was observed in a
strain from lineage b, where the tyrosine (Y) was replaced by a
phenylalanine (F). Substitutions at NS3,., NS3,,,. NS3,.. and
NS3,,, were reported on the strains analyzed, and three of them
were reported in a strain representative of the lineage 2. At
NS34us. an asparagine residue was detected in the six complete
genomes analyzed, differentiating those, from the reference strain
BR/OO ( t al, 2002). In NS4B, the only conserved substi-
tutions observed were on NS4B,, (R —+ H) and NS4B_, (R~ L) in
two strains isolated in 2000-2001, representative of lineage 1b.
This protein has strong interactions with NSI and is associated
with viral replication (I . Substitutions at
the NS5 protein can directly affect viral replication, since this pro-
tein acts as a RNA-dependent RNA polymerase and, along with
NS3, can act by stimulating both NTPase activity of NS3 and
RTPase i 2 . The substitutions at NS5,
I - V) and NS5;44 (I - V) observed in this study were prevalent
among the strains, and different from BR/90. Two strains isolated
in 2000-2001 belonging to lineage 1a, shared aa substitutions at
NS5, (L —+F) and NS5,,, (T —S). not detected in the other
strains. Although several aa substitutions were observed among
the strains studied, no changes in the aa's biochemical character
were identified

The divergence analysis showed that the strains are quite sim-

ilar among the groups, and that the lineages 1a and 1b are more
close lated when compared to lineage 2, as those are phyloge-

ncl;cal.. separated and supported t). The strains from lincage
2 analyzed here, shared a high similarity with strains of Asian
origin.

Phylogeny based on the C gene did not allow genotyping of the
strains studied. The lineages separation on 1a, 1b and 2 was only
possible by analyzing the E gene or the entire genome coding
region. Moreover, the same grouping was observed by analyzing
on"' the domain Il and stem region from the E protein, supporting

he fact that the substitutions on this region are associated to the
Imm:cs <c;>ar3bnn
Previous studies dL scribe recombination among DENV-1 strains

ne

4

s and Evoluhon 34

2013

|, however no evidence

e of recombina-

tion was Obn rved in the analysis of the 48 Brazilian strains in this
study.

AL 3. Three-dimen
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Fiz. 4 Phylogenetic analysis based on the complete coding region of 0 Brazilian DENV-1 isolates during the epidemic peniods {1986-2011 ) Maximum-Likelihood method,
TN + G model with six discrete Gamma categories (parameters: «0.2104 | The DENV-1 sequences analyzed are represented as: circle (lineage 1a). triangle (ineage 1b) and
diamand (lineage 2. DENV strains were named as follows: GenBank acvession mamber/countryjyear.

The co-circulation of two distinct lineages in Brazil in recent
years has been characterized and, the involvement of both lineages
on mild, severe and fatal cases demonstrate that, those are not
restrict to a particular disease outcome. It is unknown whether
the explosive outbreaks occurred in Brazil in 2009 and 2010,
mainly caused by DENV-1, was due to the lineages circulation.
The susceptibility of the population to a serotype that did not cir-
culate intensively for nearly a decade, and the occurrence of sec-
ondary infections in a hyperendemic country, could have also
played a role in the disease epidemiology. Due to Brazil's geogra-
phy and dengue epidemiology, the surveillance of viral

populations, lineages and genotypes is necessary, as the impact
of those lineages replacements and co-circulation are yet not fully
understood.

5. Conclusions

The phylogenetic analysis of Brazilian DENV-1 confirmed the
circulation of the genotype V in the country, and the analysis of
the domain Ill of the E gene and stem region was sufficient to dif-
ferentiate the distinct lineages identified. A single substitution at
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Ezer was able to differentiate the strains belonging to lineage 1a
from lineages 1b and 2. Moreover, substitutions at positions E; s,
Eyea. Eqz and E,,, were responsible for the segregation of lineages
1b and 2. Lineages 1a and 1b were more closely related to strains of
American origin and lineage 2 to the strains of Asian ongin. The cir-
culation of multiple lineages in the country in 25 years was
reported, with co-circulation and replacement, over time. No
recombination events on the strains analyzed in this study was
reported.
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Resumo: Dengue is a major public health in tropical and subtropical regions of the
world and currently there are no specific therapies and vaccines available. In Brazil,
explosive epidemics have been occurring since the 80’s and over the years, the
dramatic increase of dengue cases in the country has led to the establishment of a
National Dengue Diagnosis Network in 1989 to monitor dengue viruses (DENV)
transmission and spread as surveillance has been accepted as one of the most
reliable tools for the prediction of dengue epidemics. The implementation of
molecular techniques in the 90°s was imperative for DENV diagnosis. The use of
conventional reverse transcriptase-polymerase chain reaction (RT-PCR) technique,
such as the one described by Lanciotti and colleagues and suggested by Pan
American Health Organization is the most widely used protocol. The two steps
semi-nested RT-PCR was used to confirm cases, deaths and for the surveillance of
DENYV in Aedes aegypti mosquitoes and it has contributed to the diagnosis during
28 years of dengue activity in Brazil. A generic RT-PCR that detects dengue and
other flaviviruses was also used in some opportunities. Several protocols for real
time RT-PCR (rtRT-PCR) using specific primers and probes for each serotype are
available. The use of fluorescent probes allows the detection of the amplified
products in real time, faster, with lower risk for contamination and higher
sensitivity, without the need for electrophoresis. The technique is one of the most
reliable for the quantification of viral load and, studies on patient’s viremia and its
association to a more severe disease and death was performed. Furthermore, rtRT-
PCR protocols were also useful for viral detection and quantification on Aedes
aegypti saliva. The molecular surveillance of DENV is very important to observe
the introduction, spread and shifts of potentially virulent strains, genotypes and
lineages as well as to assess their impact on the population during an outbreak. The

partial and/or complete DENV genome sequencing has allowed studies on DENV
265



genotypes surveillance and recombination by phylogenentic studies and molecular
characterization. During an infection the host can present variants of a same
infecting serotype, which may not be detected by the conventional Sanger’s
nucleotide sequencing method. By the recent advent of next generation sequencing
(NGS), viral populations within a host are now more easily studied. Despite the
several molecular tools available for DENV diagnosis and investigation, the
establishment of new ones may improve even more the sensitivity of the viral
detection and quality of data generated. Our experience has shown that the
implementation of new techniques over the years has constituted an important

strategy for the disease surveillance and research in Brazil.
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ABSTRACT

Dengue 1s 2 major public health in tropical and subtropical regions of the world and
currently there are no specific therapics and vaccines available. In Brazil, explosive
epidemics have been occurming since the 80°s and over the years, the dramatic increase of
dengue cascs in the country has led to the establishment of a National Dengue Diagnosis
Network in 1989 to monitor dengue viruses (DENV) transmussion and spread as
surveillance has been accepted as one of the most relizble tools for the prediction of
dengue epidemics. The implementation of molecular techniques m the 90's was
imperative for DENV diagnosis. The use of conventional reverse transcriptasc-
polymerase chain reaction (RT-PCR) technique, such as the one descnibed by Lanciotti
and collcagues and suggested by Pan American Health Organization is the most wadely
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uzed protocol. The two steps semi-nested RT-PCE. was used to confim cazes, deaths and
for the swrveillance of DENV in Aeder gegypii mosquitees znd it has contributed to the
dizgnesis durmg 28 vears of dengue zetivity m Brazil A generic RT-PCE. that detects
denpue znd other flavivimses was zlso used i some opporhmities. Several protocels for
real time RT-PCE. (B T-PCE) using specific primers and probes for each serotype are
avzilzble. The use of flucrescent probes zllows the detection of the amplified products m
rezl time, faster, with lower nisk for cont=mination and higher sensitivity, without the
need for electrophoresis. The technique i3 one of the most relizble for the quantification
of virzl load and, stmdies on patient’s viremia and its association to 2 mors severs diseass
and death was performed. Furthermers, R T-PCE. protocels were zlso useful for virsl
detection and quantification on Aedes aegypdi szliva. The melecular suwrveillance of
DENW is very important to cbserve the introduction, spread and shifts of potentizlly
virulent straims. genotypes and lineapes as well 25 to 233233 their impact on the pepulation
during an outbreak. The pertial and'er complete DENV genome sequencing has allowed
studies on DENV genotypes swrveillance and recombination by phylogenentic smdies
and meleculzr charscterization. During an mfection the host can present variants of 2
same infecting serotype, which may not be detected by the conventional Sanget’s
nuclectide sequencing methed. By the recent advent of next generation sequencing
(MNGE), virzal populztions within 2 host are now mors ezsily studied. Despite the seversl
molecular tools availzble for DENY diagnoesis and mvestigation, the establishment of
new ones may mprove even mors the sensitvity of the viral detection and quality of data
generated. Our experience has shown that the implementation of new techniques over the
vears has constituted an important strategy for the disease swrveillance and research in
Bramil.

Kevwords: Dengue, Molecular Biology, Surveillance. Diagnosis, Research Brazil

INTRODUCTION

Dengue wimses (DENV) exists m ether sylvatic or human transmission cycles, which are
most prevalent m tropiczl and subtropical aress, and it hzs become 2 major public heslth
problem with relevant socizl an economical effect due to the meressed geographic extension,
number of cases and disease severity (Guzman & Harris, 2013).

DENW 1 to 4 belong to the family Flviviridae and the genus Flaviviens (Lindenbach &
Eice, 2007) znd canse one of the most important mfections dizezses m the wetld i terms of
motbidity and meottality. In the last 30 vears, the disease has gradually reached the stztus of 2
pandemic, hospitslizmg more than 5 million childten and resultng m mere than 70,000
deaths (WHO, 2013). In Brazil more than eight million cases have been reported since the
30°s, with the yemrs of 2002, 2008, 2010 and 2013 the most critical for the country (Siva Jr.,
2013). The virel genome from 1006 to 11 kb i size, encodes three structural protems (capsid
[C]. membrane [M] znd envelops [E] and seven non-structural protems (NS1, NS2A, NS2EB,
WS83, N54A, N54B and N53) and is flanked by zpproxmimately 100 nucleotides (nts) at 3
untranslated region (UTE) and 333—462 nts at the 3" UTE (Shurtleff ot 21, 2001; Miller =t 2l
20100.

The dramatic mcresse of dengue cases m Brezil has led to the estzblishment and
consolidation of 2 Natonzl Denpgue Dizemosis Network m 1989 to moniter DENWV
transmission znd sprezd as DENW surveillnee has been aceepted a2z ome of the most
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impoertant toels for the prediction of dengus epidemics. The lsboratorial dizgnesis can be
carried out using several approzches for the detection of the virus, viral ENA, antigens or
spectfic amtibodies, or even 2 combmation of these methods (revised m Lima et 2l 2014).
The mplementztion of meleculzr techniques m the 90°s constimted zn mmportant zdvanes m
dizgnosis for detecting the mfectng DENVserotypes, identifymg the viruses m cases negative
by wvirus isclation, meleculer cheracterizmg znd genotypmg cireulatmg strams znd sccessing
itz impzet over the population. In this chapter, we zim to present =m overview on the
moleculzr biology  zpproaches mest commoenly used for denpue surveillance i Bramil
presenting some experiences on its use for lzboratorizl dizgnosis, melecular characterization,
phylogeny and viral resesrch.

VIRAL RNA EXTRACTION FOR MOLECULAR DETECTION

The extrzetion =nd purification of nuelsic zeids (BNADNA) m biologicsl samples zre
important steps for efficacy m moleculzr detection and many protocols have besn described.
The first step i3 cell lysis, which iz the disruption of the cell membrane that ean be achieved
by using chemical or physical metheds that disrupt hydrophebic associztions and destroy the
liptd bilayer. Among the substnces used are detergents, chaotropic agents, enzymes and
zcids and basic agents. In the physical methods, the cells may be subjected to mechanical
shock, freeze-thzw, somication and homogenization. The nuceic zcid  purification s
performed to emclude cell debris and proteins and, orgamic selvents, such zs phenel and
chloroform, are the moest commoenly used. The precipitztion step usually uses zlechel to
decrease the water molecules around the nuclsic acid.

The protocel described by Boom m 199 i3 widely used for DNABNA extraction from
semples of blood or urme, on 2 small scale It uses conventional silica znd can be performed
mznuzlly or automated. The method iz besed on the lysmg and nuclease mactivating
properties of the cheotropic zgent gusmidme thiocyanate together with the bindmg properties
of nucleie acids to the siica particles or distoms m the presence of this agent After the
implementation of the melecular biclogy metheds m the 30°: m Brasil thiz protocol was
widely used to extract DENV BENA from clinical samples of dempme suspectsd cases.
However, currently, there zte several commetcial kits for nucleic acid extraction bazed on
organic extrzction, silica-based technology, magnetic separation and ion change technology,
usad i routine and research laboratories.

MOLECULAR BIOLOGY APPLIED TO LABORATORIAL DIAGNOSIS AND
RESEARCH: POLYMERASE CHAIN REACTION (PCR)

The pelymetase cham reaction (PCE) iz based on the i vifrs enzymatic smplification, of
spectfic sequences of DNA (tzrget) diected by cligonucleotide primers that results m the
generstion of an exponentizl number of copies. The techmique consists m repeated cycles of
mucleic acid densturation, primers hybridization on the tzrget znd chein synthesis by 2 DNA
polymerase. The DNA denamrztion ocours 2t zn elevated temperztire i order to convert 2
double-stranded nucleic 2cid to single-stranded. The hybridization of the primers occurs when
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the tempersture i3 decrsased below the disscciztion tempersture of the primers =nd the
synthesiz of the new DNA strand iz performed by 2 thermostsble DNA pelymersse that
mcotporates the deoxynuclectide triphosphates m the free 3-OH end of the DNA duplex
formed between the DNA-target and the iitiztor. The nucleotide sequence of the new chzin
is complementzry to the tmrget sequence znd the number of copies of the generated product
mcrezses exponentially. Other variations of the polymerzse chain reaction have zlso been
developed, for mstancs, the RT-PCE, Semi-Nested-PCE and Nested PCE, Multiplex-PCER
and Rezl-Time PCE. (tPCE).

The reverse transcriptese-polymerase cham  reaction (RT-PCE) i3 used for the
amplification of BINA, and to do se, the synthesis of 2 complementzry DINA (cDINA) to FINA
iz nesded by using = reverss wamscriptase (RT) enzyme. The semi-nested- PCE aznd nestsd
PCE. result m zmplicons obtzmed from s PCE rezmplification. Semi-nested PCE uses 2
primer zlrezdy emploved previously m the PCR reaction while, the Nested- PCR uses for the
amplification. 2 new pair of primers, differsnt from those used previously m the PCE
rezction. Those metheds result m mereased semsitivity and specifieity, however it can zlso
mer=ase the nisk of contammation by the manipulation of amplicons. In 2 multiplex-PCE., two
of mots primers zre used, zllowing the detection of different vimses zmd genotypes, however
itmay rasult i 2 lower sensitivity.

The RT-PCE. protocol described by Lancioti et 2l (1992) znd suggested by Pan
American Hezlth Oiganization iz the most widely used protocoel for dengue melscular
diagnosis. The viral BIWNA may be detected i serum szmples, plasma infected cells,
mosquitees, fresh tissues and tissues formalin-fived. In 2 fust step, consensus primers (D1
and D) are used to annesl to C and prh genss of any of the fowr DENW serotypes and
amplify 2 511-bp product m 2 BT reaction. After 2 second round of amplification (nested
PCE) with type-specific primers (T51 to T34, for DENV-1 to 4, respectively), DNA products
specific for DENV type are generated.

The protocol by Lancioti et 2. (1992) was estzblished m 1993 i Brasil as 2 rapid and
specific melecular zpproach for detecting and typimg DENV i the Regionzl Refersmcs
Leboratory at the Oswalde Cruz Instiute, Rie de Jmewro and allowsd the identification of
DENV-1 and DENV-2 m 41% of previously confumed dengue cases (Mizgestovich et 2l
1997). In Brazil DENV-3 was fust isolated m 2000 from a2 patient and from namrelly
mfected dedes aegypri collected durmg an entomeological surveillanes and by usmg RT-PCE
sndior witns iselation, DENW-3 was identified m 13%% of the cases. The RT-PCR played 2
defmitive role m surveillance 23 2 rapid disgnestic tool thet guided the fmplementation of
control messures 23 local authorities were notified of confumed DENV-3 cases. Furthermors,
i combination with virms isolation, RT-PCE. mcreased czse confumation dus to DENY
mfections. The mplementation of BET-PCE m 1993 constituted an important zdvance in
diagnoesiz by detecting the infectng DENV type and identifying DENV in cases negative by
virus iselztion. In some wears, BET-PCR identified the mfectmg DENV type in 20% of cases
whers the virus was not isolated. From 1997 to 2011, vius isolation and RT-PCE. identifi=d
the mfectmg DENV type m 2 totzl of 4990 dengue cases. In the same peniod, BET-PCR
confumed 24.7% (1,8407.441) of the dengue cases anzlyzed (reviewsd m dos Santos et al,
2013). The fust DENV-4 cases reported m Rie de Jaewo m 2011 were recoversd by using
RT-PCE. from infected patients and from an imdividual deder aegypri female collect=d m the
field (Castro et zl, 2012). In 2 recent smdy analyzmg the epidemiclogical and lasborstorizl
aspects of the emergence an re-emergence of the disctinet DENV seroyipes m Rio de Janeiro,
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from 2010 to 2012, the RT-PCE. confimead 56 3% (1,022/1,814) of the cases tested and when
the co-cireulation of the four serotypes was reported for the first tme m the State (Heringer ot
al., 2015).

However, other RT-PCE. protocels for meleculsr detection of DENV wete previously
described and are available. The protocol described by Morita et al. (1994), for instance, used
serum  from denpue infected patients diectly subjected to the reverse tramscription and
zmplification, without EINA extraction, and the viral was detected i 3 howrs, suggesting that
the direct BT-PCE procedure greatly facilitztes the rapid dizgnesis of dengue nfection.
Hearris et 2l (1998) adapted the nested RT-PCE. protocel described by Lancioth et 2. (1992),
for 2 multiplex reaction m 2 single tube i order to maxmize the smplicity and minimize the
risk of sample cross-contzminztion. The same showed = eguivelent semsitivity to the two-
step protocol. Wang et &l (2000) developed 2 competitive RT-PCE. methed to quantify the
ENA of the four DENV serotypes. A pair of primers was designed m a highly conserved
region of the C gene and the zssay sensitivity was estimated to be 10-30 copies of BNA per
rezction.

REAL-TIME PCR

The Rea-Tme PCE (nPCE) i3 =n amplification syst=m based on the conventionzl PCE.
approach, but with zn anslysis m real tme, where primers and specific probes for each DENV
serotype of hybridizmg to 2 conserved region of all serotypes may be used. The use of
fluorascence m probe, zllows the detection of the products, 2s they zre produced. m rezl time,
without the need of 2 post-reaction electrophoresis. The emission of fluorescent compounds
generates 3 signal that imcresses i direct proportion to the smount of the PCE product The
pomt that detects the eycle m which the resction reaches the threshold of the exponentizl
phase, iz called Ct (Cycle Threshold), and allows the exact nucleic 2cid quantification. A low
Ct value indicates 2 highet concentration of the imitizl temrget The zmplification efficiency m
rPCR. should be 90 to 100%, and can be calculated using datz collected from a standard
curve using the followng formula: Efficiency = [10 (-1/slope)] — 1. The slope is the real
mdicator of amplification and represents the anpular coefficient of the straight lme formed by
the points of the standard curve. A high efficiency 15 associzted with approximately 3.32
slope for each 10-fold dilution of the target.

Two distinet systems are commenly used. The SYEBR Green binds nonspecifically within
the double-stranded DNA and the Taghdan system, uses probes doubly marked by distmet
fluorascent dyes, 2 reporter (=g, FAM) and 2 quencher (2g, TAMEA). When the two dyes are
close, znd the probe still mtact the quencher shsorbs the energy relezsed by reporter, thus
avoiding the emission of fluorescence. The Tag polvmersse Yexonuclezse zctivity degrades
the probe durmg the PCE zmplifiction. separating the fluerophores, resulting m the relezse of
fluerescence.

In 2003, the fRT-PCE was estzblizshed i the Begionsl Beference Laboratory at the
Oszwalde Cruz Instinite, Bio de Janeiro 2z 2 novel resesrch tool for DEWNW detection and
quantification i dengue suspected cases. The rnRT-PCE alse yiclded the highest positivity
rate i detecting DENV-3 FNA in tissues from those fatal cases (de Araijo et al., 20092). The
amount of DENV-3 FINA m 42 patients with fatal and non-fatal outcomes during the 2002
epidemic m Fie de Jmeire and its correlation with primary or secondary infection was
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evaluated and a significantly higher vius titer was found m the samples from fatal cases.
Moreover, 23 more than helf of fatsl cases were primary mfections, antibedy enhancement
glone would not explain the deaths (de Aradje =t al., 2009k).

A SYER Green onestep ntRT-PCE protocel described by Dos Santos et al. (2008) was
developed for the emly disgnosis of dengue, and presemted z higher semsitivity compared to
serology, standerd virns isolztion and the qualitatrve RT-PCE. Howewver, despite 2 lower cost,
the zssay iz less specific than the TaqMan system. Severasl commercisl nRT-PCR kits for the
detection of DENV m climiczl samples zre avamlzble and have been evzluated previously
(WNajioullzh et al., 2014).

Protocels detectimg one DENWV serotype (de Oliveirz Poersch ot 21, 2003) or 2l four
setotypes i 2 single resction have been described (Johnzon et 2l 2003; Kong et al., 2006;
Santizge et 2l, 2013). A study performed i dengue suspected cases assisted in hospitals and
clinics from Goifnia, Centrzl Brazil, evaluated a commercizl B T-PCR. kit that proved to be
feazible for confiming dengue cases i 2 timely manner, however stressed that the cost would
pose 2 burden (Levi et 2, 2007). In Fie de Janeire, Brazil, 2 study by de Aradjo et 2. (20092)
reported =n increzsed sensitivity of B T-PCR i confuming dengus mfection m tissues from
fatzl cases durimg 2 DENV-3 epidemic ccouwrred m 2002, Viral genome quantification is zlse
possible by using nRT-PCE protocels and dengue viral quantitation by using R T-PCE. was
used to determine the corrslation between the amount of virzl particles and the diseass
severity. In that same epidemic, de Araije et 2l (2009%) reported 2 higher virsl load in fatzl
cases due to DENV-3 when compared to classic dengue cases. In zn mvestigation performed
m Szo Paulo, Brazml DENWV-2 mnd DENWV-3 were the serotypes recoversd m the saliva and
urme from patients by fRT-PCE (Polont et 2l 2010). An R T-PCE procedure for detection
and quantification of DENV- 1 to -3 successfully identified distmet DENWV strams m climiezl
samples and moesquitoss m Brazil (Conesiglo et 2, 2010). By using RT-PCE, Nunes (2012)
correlated DENV virzl load with disease severity i patients infected by two distinet DENV-2
linezges from the Southezst Asian genotype citculating i Brazil m 90°z znd 2000°s. Patients
mfected by linezge IT had 2 wiral lead significantly higher than patients infected by the lineage
I, moreover, severe cases from lmeage IT had 2 virzl load higher than the classic cases form
that szme lineage. The dizgnostic performance of a R T-PCE protocel and of serclogical
metheds for dengue disgnosis was evaluzted m 2 real epidemic occurred m Belo Horizonts,
Minas Gersis, Brazil (Ferraz ot 2l 2013). The rRT-PCE. protocol by Johnson et 2l (2003)
was used zlong with other dizgnestic tests during dengue cases surveillance performed m Bio
Grande do Sul, South Brazil, from 2007 to 2013, to characterize the epidemiclogical pattems
of the disezse m 2 region with recent zutochtonous cases (Tumiote et 2, 2014).

GENETIC VARIABILITY AND PHYLOGENY OF DENGUE VIRUSES:
TARGET GENES AND RESOURCES

ENA wviruses have genstic varizbility due to the high degres of mutation zsseciated with
the error-prons ENA-dependent BENA polymerzse, which does not have preof readmg
capacity and iz lmown to produce approximetely ome mutstion per round of genomes
replication (Stemhauer et al 1902 Dirzke 1993). In DENV, this results m the existence of
genstic varizhility of the four smtigenically distmet serotypes (Holmes & Twiddy, 2003). The
first gemetic evidence for differemces between DENV serotypes were determined by BNA
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fmgerprintng technique, using snzymes to digest the ENA stram (Fico-Hesse, 2003; Chen &
WVasilzkis, 2011). However, with the mmprovement of melecular techniques, whels genoms
sequences could be pgenersted by the reverse tramseription of the wirzl ENA mte =
complementzry DNA  (cDNA) and multiple round of amplificaion by BET-PCR. The
sequencmg  of the virzl genome zllowed, with greater efficiency md  zccuracy, the
characterization of DENV strzms and mmproved evelutionary relationships between serotypes.
The tem "genotype” was defmed 23 the groupmg of DENV with nucleotide divergence =6%
for = given region of the genome (Rico-Hesse 1990; Chen & Vasilakis, 2011). The four
DENY setoyipes share amine scids similarities rangmg from 60-70% over the E gene and
within the szme serotype homolegous zmine zcids present m 2 ratio of 90% or mote
However, within each serotype differences of 6% and 3% at the nudeotide and 2mine acid,
respectively are observed (Pierson & Diamond, 2013). Given the reported genstic diversity,
genomic sequencing techniques zim to analyze the nucleetide sequences and characterize
genotypes znd possible virzl variants within the same genotype.

The zdvances on melecular techniques, reagents and bomformatic softwarss allowed the
anzlysiz of longer frapments and larger sequences subsets, mors and more frequently avalble
on public gene banks online such as the GenBank® (http:/www nebinlm nih gov, European
Nucleotide  Archive (htpr/wwwebiacukenz) =amd DNA Datz Bamk of Japan
(http:www ddbjnigzejp’).  The Thiomformaties  tools  hewve zlse contributed m
phylogeographic smdies zllowmg analysis on the DENV evolutionary patterns and dynamies.
Some softwares  for editmg  sequences mclude,  for mstanes, Chromas® 243
(http:www technelysim com.au) and EioEdit
(http:www mbic nesu edubiceditbicedithmml), for the mzlysizs of nucleotide =and zmime
zeid identiies, BLAST (httpo/blastnebinlm nih gov’ Blastepi), nucleotide mmd amine zeid
glignments, CLUSTAL OMEGA (htprwww.ebiacukTeols/ msa'custale) =md MAFFT
(http-www.ebi. 2cukTeelsmsamafit)), phylegeny by MEGA 6 (hitp:/www megasoftware.
net; Tamura et al., 2013), PhyML3.0 (http:www atge-montpellier frphyml;, Gunden et 2.,
2010), MiBayes (http:'/mrbayes sourceforgenst. Ronguist and Huelsenbeck, 2003),
evolutionary znd phylegeographic malysis, BEAST (htip:/beastbio.ed.zcuk’; Drummeoend et
al., 2012).

DENGUE VIRUSES GENOTYPES

Currently, DENV genotyping znd phylegenstic analvsis are besed on the genomic
sequencing of the E gene, the most widely used, smee this structural gene is the more liksly to
go under nuclsotide and zamine acid changes, 23 i3 zssociated with the mmunegsnicity of the
virus particle and the hest mtibedy response. The complete genome analysis 45 ususlly
performed when 2 more detziled melecular characterization iz mtended, llowing the anzlysis
of other stuctural and nem-structurzl genes besides the untramslated regions (UTEs),
mvolved m viral replication (Rice-Hesse, 2003; Weaver & Vasilalas 20090

Phylogenstic studies based etther on the partizl and'or complete virsl genemic sequences
have contributed for the understandmg of DENV evelution and diversity, mecludmg
recombimation events. The phylogeny bezsed on the analysis of the EWNEL jumetion or E gene
characterized five genotypes for DENV-1: Genotype I representing strzins from Southeast
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Asziz Chinz and East Africa; Genotype I, representing strains from Thailand collected in the
1950z and 1960s; Genotype III, representing a wild strain isclated m Malaysia; Genotype IV,
representing  strzins from  Western  Pacific Islands and  Australia; and Genetype V.
representing 2l strzims from the Americzs, West Africa and some strzins from Asia (Rico-
Heszze, 1990; Weaver & Vasilakis, 200%; Chen & Vasilakis, 2011).

The nuclectide sequence analysis of the E gene characterized six genotypes for DENV-2:
Asian 1, represent=d by strzims form Mazlaysiz and Thailand, Asizn 2 represented by strains
from Viemam, China Taiwan 51 Lankz and the Philippimes; Cosmopolitn Genotype,
meludimg strams of wide geopraphical distribution and strams from Austrzliz East and West
Africa, the Indizn and Pacific Islands, Indian Subcontment snd the hiiddle East; American
Genotype, represented by strams from Latm America and the oldest strams of the Caribbemn
Indizn Subcontment =nd the Pacific lslands from the 1930z and 1960s; Southeast
Asian/Americen Genotype, including strams from Theiland, Viemam and from the Americss
m the last two decades. approximately; zmd Wild Genotype, representing strzin: of human
wild mosquitoes, of sentinel monkeys m West Africa and South East Asiz (Rico-Hesse et 2l
1997; Twiddy et al., 2002; Weaver & Vasilakiz, 2009; Chen & Vasilakiz, 2011).

Originally, four distinct genotypes were characterized for DENV-3 (Lanciotti et 2l
1994) and were corroborated by other analysiz based on the partial or complete genome
sequencing (Chaoe et 2l 2003; King ot 2., 2003; Aradje ot 2., 200%z; Amarilla et 2l 2009;
Bamirer ot 2., 2010; Sharma et al., 2011). Howsever, 2 detailed analysis of DENV-3
sequences  availsble on GenBank  identified five genovipes 25 follows: Genotype 1L
represented by Southezst Asia, meinly Indonesia, Singapors, MMalaysia, the Philippines,
Tarwan and South Pzeific Islands; Genotype 11, representing strains from Theiland (1962 until
recently), 2 single stam from Smgzpors (1993), one from Indonesia (1998), Taiwan,
Viemam Beangladesh Cambodiz Chinz Japan and Mymmmear; Genotype III represents=d by
strams from Sri Lenkz India Jezpen Tarwan, Smgzpore, Samos East Africa Centrzl and
South Americz the Caribbean =nd 2 couple of mmported strams to Europe; Genotype IV,
represented by strams from Puerte Fico (1960z -1970z) =md Tzhit amd Genotype V.
representad by the DENV-3 prototype stram from the Philippines (H37), Japan, China (1987-
2009) znd strzms from Brazil sampled i the axly 20005 (Chen & Vasilakiz, 2011).

For DENV-4, only two distinct genotypes were initially characterized by the analysiz of
limited E gene sequences (Lanciotti et al., 1997). However, broader mmalysis reported four
genotypes: Genotype 1, represented by strams from Philippines, Thailand, Viemam,
Mymmar, Malaysia, 56 Lanka India and imported cases m Japan, China znd Brarzil
mcluding the This genetype mcludes the prototype iselated m the Philippines m 1936 (H241);
Genotype I, representsd by strzims from Southezst Asiz, China Western Pacific Ocsan
Islands, Austrzlia, the Caribbesn, Americas and Easter Island; Genotype I, representsd by
Thai strzims (1997- 2001) and Genotype IV, represent=d by sylvatic strams iselated from
sentine]l monkeys m Malaysiz m 1970°s (Klungtheng =t 21, 2004; Villzbons-Arenas ot 2,
2011; Chen & Vasilakis, 2011).

The emistence of lmeages within the distmet DENV genotypes, presentmg distmet
geographic znd temporal relstionships has been reported (Myat Thu et 2l 2005; Enkreti et
al, 2009) m the Americas and Asia (Fhang et 2l 2005; Carrille-Valenzo et 2l 2010; Duong
et al., 2013; Lambrechts et 2., 2012; Shin et al., 2013; Zhang et 2., 2014) and, the term
“linesge™ has been used to characterize those virnses clustered i clades m 2 texonomic level
beneath genotype (Mendez ot 21, 2010). Those genetically distinet lmsages may temporslly
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emerge of diszppear on a2 regular basis (Drumond et 2., 2012; Choudhury et 2., 2014)
howsever, the mechanisms mvolving lineages replacement, emergences or disappexrances are
not fully Imown.

The DENV evolution has had 2 major impact on its virulence to humans and
epidemiology of the disease wotldwide Phylogenstic studies allow the correlation between
specific genotypes and disezse severity, Despite the complex set of factors that contribute to
the epidemiclogy, studies have suggested that specific viral structores may contribute to the
mcrezsed replication m human target cells and enhanee the transmission by the vector
mesquite. Morsover, the patients immune status and possibly genetic characteristics of the
hest may zlso be mplicated m the disezse severity (Rico-Hesse, 2003).

DENGUE MOLECULAR EPIDEMIOLOGY IN BRAZIL

In Brazzil, mors than eight million dengue cases were reported over the past 29 vears
(Siva Jr, 2013) simce DENV-1 mtreduction and spread i 1936, After epidemics cansed by
the mtroduction of DENW-2 m 1990, DENV-3 m 2000 and the re-emergence of DENV-2 m
2008, DENW-1 re-smerged m 2009, displacmg DENV-2 and DENV.-3 and canzed mors than
| million probeble cases m 2010 (reviewsd m dos Santos et 2l 2013). Even after the DENWV-
4 mtroduction m 2010 m 2 fully susceptible country, DENV-1 was responsible for outbreaks
over two million suspected cases between 2010 and 2011, Only m 2013, 2 total of 1,006,414
czses and 377 desths wers reported i the country until May (SVE, 2013). The hyperendemic
seenztio i Brazil with the co-circulation of the for DENV zerotypes, resulting i distnet
epidemiological patters with znd imereased number of cases, sevete disezse i children high
hospitlization tates in eldetly enphasizes the need for serotypes/genotypes surveillance as
some are zssocizted with preater disease severity, as those of Asian origm. DENV melecular
characterization and phylegenstic studies has been performed and described by many
research groups i Brazil, by the partizl (E gene) or complete genome sequencing (des Santos
et al, 2002z Mizgestovich ot 21, 2006; Aragje et 21, 2009z Carvalhe et 2, 2010; dos
Santos et al., 2011; Fariz et al., 2013; Drumond et 2., 2012; 2013).

Molecular Epidemiology of Brazilian DENV-1

DENV-1 was fust mtroduced m Brazil, by the state of Rio de Janewo m 1986, resulting m
the spread of the vius zmd consequently epidemics m seversl states of the country. All
published studies so far describe the detection of the genotype WV (Americas/Africa), the only
circulatmg smee itz mtroduction, Figure 1. A study by dos Santos et 2l (2002b) mnalyzmg the
complete genome sequences of DENV-1 izelates from 1900 znd 2001 i Brasl structorzl
genes  remarkebly conserved zmong the strzins isolated m northesstern Brasil m 1997
(BR/9T), i the southem region m 2001 (BER01) and n Rie de Janeiro m 1990 (BER00), while
the non-structural genes presented 27 amino scid changes, previcusly idemtified m strzins
from Nauru Island, Asziz and Africa Among the amine acid changes, nine were unique to
strzins BEL/9T and BR01, suggestmg a local evelution of the Brarilian strains. A comperative
anzlysis of DENV-1 complste genome sequences circulztmg in the Americzs, mcluding two
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Brazilian strains isclated m Brasilia, Federal District, m 2001 and demonstrated the existence
of 2 Latn American monophyletic cluster, subdivided mto two sub-clusters. Furthermors,
three recombinant events were reported and the study suggested that pessible recombimation
betwesn DENV-1 could be underestimated (Carvalhe et al, 200100 In the ealy 2000s,
DENV-1 circulated silently in Brazil, re-emerging m 2009 and sccountmg for 2 serious
epidemic m 2010, Duwing this peried, dos Santes et 2l (2011) performing melecular
epidemiclogical swrveillanee of DENW-1 isclated m the state of Ric de Janeire, reported for
the fist time, the circulation of three distmet virzl lmeages. The mnalysis of 10 isclates
showed that DENV-1 circulatmg durimg the period of this serotype re-emergence (2009-2011)
still belonged to genotype V' (Americzs/Africz), but clustermg m two distmet clades, different
from that chserved by the strams circulatng m the 30°s. These observations wers confumed
by Drumend et 2l (2012) when analyzing the populstion dynamics from DENV-1 genotype
WV i Brazil The co-cirenlation znd replacement of distmet lineages was confimed and it was
shown that DENV-1 was mtroduced durmg four differsmt evemts. The fwst DENV-1
mtroduction oocurred m 1984-83, the second m 1997-99. and the third and fourth from 2004
to 2007, Morever, 2 potentially recombinant stram was reported and the study remforeed the
importance of molecular swrveillanes of circulating genotypes m the country. The study by
Cameire et 2l (2012) reported the DENV-1 varisbility by analyzing the genes encoding the
structurzl proteins C/prhME of 34 strzins isolated durmg epidemics ocowrred in Brazil from
1994 to 2011, confumed the circulstion of genetype WV and alse reported the different
mtroductions and linezges replacements.  The temporal divergence anzlysis mdicated that the
circulating linezges i Brazil emerged from an ancestral lineage zpproximately 4433 vyears
ago. Although smdies on cireulstnmg DENV-1 m Brazil are complementary, mdicating the
same genotype and reaffwming  circulation, co-circulztion and  lineages  replacements,
Nogueira (2013) conducted 2 retrospective study on DENW-1 circulating m 23 wears m Brazil
m the states of Rio de Janeiro, Espirito Santo, Minas Gerais, Mato Grosso do Sul, Alagoas,
Cearz Piani and Fio Grande do Norte. Phylogeny and meleculsr cheracterizetion based on
mnzlysis of E gene of 48 DENV-1 strams and the complet= codmg region of s, confumed
genotype V' a2z previeusly reported. The three clades cherscterized compromised strzing
izolated from 1936 to 2002 (lnezpe 1z), 2 second clade representsd by virnses isolazted from
2009 to 2011 and 2 representative strain isclated m 2002 (linezge 2) and a clade represented
by strains isolated from 2010 and 2011 (lmeage 1b). Furthermore the lineages 1z and 1b
were more related with the American strains and lineage 2 with Asian strzins. Amine acid
substitutions were observed i ectedomains I and IIT of the E protein and were associated to
the lineages separation. The phylogenstic analysis based on the nucleotide sequence of the
ectodomam I and stezm region was sufficient for differsmtiztion of the three lineages,
greatly contributing to the genotypes swveilance by using 2 targst of zpproximately 300 base
pait fragment. The role of zir transportation m DENV-1 and 3 disseminztion in Brazil, was
recently stressed by amalyzing complete virzl genemes (n=287), mncluding Brazilian DENV-1
isolates (n=42). The three lmesges from gemotype V characterized wers estimated to have
been mtroduced m the country m 1933, 1993 znd 2006 and it suggested that lmezges T and 1T
origmated from Caribbean and lneage 11 from Vensmelz (Nunes et 2l 2014).
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Figure 1. Phylogenetic analysis based on the E gene of representative DENV-1 strams.
Neighbor joming methed, TN93+G medel with correction value of 0.26. Bootstrap test (1000
replicates) i3 shown next to the bramches. Black circles represent the Brazilian DENV-1.
DENV strams were named zs follows: GenBank aceession number/country vear.

277



12 Femandz de Bruycker-Nogueira, Nigli Fodrigues dz Costa Fariz et 2l

Molecular Epidemiology of Brazilian DENV-2

In Brazil, DENV-2 was first isolated m the oty of Niterdd, Rie de Janewro m 1990, and
first cases of dengue hemerrhagic fever/'dengue shock syndrome (FHD/DSS) (Nogueira ot al.,
1980) were reported. By sequencing the E gens from DENV-2 isclates from distinct
geogaphical regions m Brazil from 1900 to 1993, Misgestovich et al. (1993) reported the
circulztion of the genotype III (Southezst Asiz-American genotype), 2 genotype associated
with merease disesse severity. Those dzta wers corroborated by dos Santos et 2l (2002z2) by
anzlyzsing the full length genome of a brazilian DENV-2 isolzted m 1998 m the the state of
Rio de Janewe. After a low circulation with other DENV serotypes, DENV-2 reemerged m
2007 cauzing 2 large epidemic m 2008 m Brasl with 632,680 denpue cases znd 361 deaths
(SVE, 2014z, 2014k). The epidemic was characterized by 2n imcresse number of severs cases
m children under 135 years old (Teixeira et 2., 2009). Phylogeny of DENV-2 strains izolated
during the re-emergence period (2007-2008) showed the same genotype (Southeast Asia-
American) circulating smce this serotype intreduction i 1990, howerver the emerging viruses
grouped in 2 distinct monophyletic group. The circulating viruses in the 19905 were classified
25 lineage 1 and these from the re-emergence period (2007-2008), 25 lmeage 1T (Oliveira ot 2l
2010). Anzlyzmg the E gens of DENV-2 isolzted from eightzen petients, Fomano et al
(2010) reported the remtroduction of this serotype on the coast of 580 Paule and confumed
the circulating genotype. Furthermore, it was shown that the strains were related to those from
Rio de Janeiro izelzted m 2007 and 2008 and, the most commeon ancestor dated from zbout 40
vears age. The Southeast region of the country was strongly affected during the re-emergence
of DENV-2, and 2z studies performed m Rio de Jmmeiro and 520 Panlo, Dettogni et 2. (2012)
characterized the strams iselated m the stete of Espirite Samto m 2009, confummg the
previous observations. The melecular charscterization and phylegeny of 34 strams isolated
durmg the twenty years of DENV-2 activity (1900 to 2010), representing six states m Brazil
identified two epidemiclogicelly distmet groups: one representsd by straims iselated from
1920 to 2003 mmd of isclates from 2007 to 2010, The mnzlysis of the E gene and the complets
coding region of strzin: representative of distinet clinical manifestations, showed no
mutations on the viral genome zssocizted to the dizease severity, however all straing prezented
an asparagine () o position Esm, 2 genetic marker for virulence. The Southeast Asia-
American genotype was confumed as the only detected in 20 years and the virnses isolated
between 1990 to 2003 were grouped in the lineage [ and isolates 23 from the re-smergence in
2007 grouped m the linezge 11, corroborzting Oliveira et 2l (2010) and Fomaneo et 2. (200100
Morsover, strams from lneage 11 had 2 high similarity with the stram iselzted from the
Dominican Republic n 2001 and, the high divergence with the strains iselated m the 1990%s,
suggested that the new strzim did not evelved locally, but was probebly mtroduced from the
Caribbean (Fariz ot 2., 2013). The study by Drumend et 2. (2013) described the dynemics,
moleculzr cheracterization and phylogeny of the DENV-2 lmeages belonging to the Southeast
Asia-American genotype based on whele genomes from virnses 1solated m m Szo Jose do Bie
Preto, Szo Paule m 2008. Brarilian strams were subdivided mto three lineages grouped mto
two clades. It was estmated that lmesge 1, represented by strams with broader geographic
region znd higher genstic diversity, was mtroduced m 1933-1939. Lineage 2 was estimated to
have been mtreduced in Northern Brazil probsbly from Puerto Fice between 1998 and 2000
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and lineage 3, the latest to emerge m the country, during parallel events. A report by Nunes et
2l (2014), described the results on the anzlysiz of the complets genomes of 294 DENV-2
cleatly evidencing three differemt linesges from this serotype in Brazil The estimated time
between the mtreductions of different linsages is sight veazrs (between the lines I and II) and
spproximately seven years (between strzms [T and IIT), and the lmezge 1T replaced by lmeage
1. The results zlso highlightad the nerthem region of Brarzil 2s 2 entrance and dispersal door
of this serotype m the country, especizlly those origmatmg from the Caribbean. Barcelos
Fignewsdo et al. (2014) reconstructed the phylogeographic history of DENV-2 m Brazil by
mmzlyzing the gene E of vimses isclated durimg zn outbresk in the state of Pimnd i 2006-
2007, =nd pomted out that the mtroduetion and sprezd of those virmses i Braril followed ons
Caribbean route. Az Drummond et 2 (2013), the zuthers demonstrated that linesge 2
(represented by strzims of pericd 2007-2011) may have been mtroduced m Brazil from the
Caribbean islands through two parallel events: one i the Scutheast (lineage 23) and another
m the North (lmeage 2b). This study confimed the occurrence of the first co-circulation
spatiotemporal of two DENV-2 differsnt lineages probebly mtroduced mdependently to the
state of Piani. The Caribbean islands are the mam source of DENV-2 in Brazil and the
Northeast seems to be an important route of mtreduction and spread of this virus m the
country. Figure 2 presents the phylogenstic anzlysiz on representative strams of DENV-2,
circulating i Brazil.
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Figurs 2. Phvlogenstic anslysis based on the E g2ne of reprasentative DENV-2 strains. Nezighbor
joining mathod, TN93+G modal with correction valuz 0f .24 Bootstraptest (1000 raplicates) is shown
next to the branches. Black circles raprasant the Brazilian DENV-2. DENV strains warz namad as

follows: GenBank accassion numbear/country/vear.
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Molecular Epidemiology of Brazilian DENV-3

The DENV-3 was first isolated m the municipality of Nova Iguagu, Fio de Jansire m the
end of 2000 and the mtroduction of this new serotype resulted m the followmg year, m co-
cireulation of the three serotypes (DENV-1, DENV-2 mnd DENV-3), and in the largest and
most severe epidemic reported i the country so fzr i the yesr 2002 (De Simone ot 2l 2004;
Nogueira et al., 2002).

The genetic characterization of 2 DENV-3 isolated i Ric de Janeiro m 2001 was
petformed and published by Mizgestovich et al. (2002). In 2006, the fist complete genome
genetic characterization of 2 DENV-3 isolated from the liver of a fatz] case occurred m 2002
m Rie de Jmewre was reported and the phylegeny confiumed the genotype 1T (Indian
Subcontment). The genome melecular characterization identified = msertion of 11
nucleotides m the 3 UTE. of the viral genome, charcteristic of DENV-3 of Asian onigin and
glse found i strams iselated m Martimique (MMizgostovich ot 2, 2006). In the same year,
Aguine et 2. (2006) published 2 study on the melecular epidemiolegy of DENV-3 from
Erazil and Paraguay isclated between 2002 and 2004, based on the mmelysis of the E gene and
3 =nd 3" UTEs. Genotype III was confumed and reported 25 2 common genotype m the
Americas, probzbly origmating m Southeast Asiz The 3" and 3TUTRs were highly conserved
between samples studied, but two Brazilian isolates of the North region presentsd an eight
nucleotide deletion compersd to the other 26 vius amnslyzed Phylogenstic anzlysis mdicated
that the two strainz izolzted m the North m 2002 znd 2004 were more related to izolates from
Meartmique then to the Brazilizn strams isclated i Fio de Janetro and it was suggestsd that
those strzinz did not evolved lecally, but were probzbly mtroduced from the Caribbemn,
indicating at least two DENV-3 mtroductions i Brazil In 2008, Barcelos Figueiredo ot al.
(2008) by the phylogenstic analysiz based on a conserved fragments of the genome and on 2
more varizble region reported the circulation of 2 new DENV-3 genotype (genotype I)
strzing isolated m the state of Minas Gerzis from DF, DHF and fatal cases. In the szme vear, 2
study by Noguewra et 2l (2008) described the co-circulation of genotypes 1T and WV i Nerth
Brazil (Acre =nd Fondbniz) duwring epidemics cccurred from 2002 to 2004, Araije et 2l
(2009t) performed the evelutionary history reconstruction and phylegsegraphy of the thres
mzjor DENV-3 genotypes, estimating their dispersion, based on the analysis of the E gene of
200 strzinz iselated from 31 differemt countries around the world m 2 30-vear peried (1936-
2008). The phyvlogenstic anzlysis revesled 2 geographical subdivision of DENV-3 m seversl
specific clades m each country. Migration patterns of the mam DENV-3 genotypes showed
that genotype [ was mestly circulatmg m the martime region of Southeast Asia and the South
Pacific, genotype I remamed within contmentz]l aress of Southesst Asia while genotype 110
was propagated throughout Asiz Ezst Africs and the Americes. Estimates of evelutionzry
rates revesled ne significemt differsmess betwsen the mam DENV.3 genotypes and the
average rate of evelution i endemic aress with long-term transmission was similer to that
chserved i the Americas, which have suffered 2 more recent spread of dengue. Estimated
origing of DENV-3 was zround 1590, and the emergence of the current diversity of the major
genetypes, between 1960 and 1970, coinciding with the population growth, uwrbanization and
the description of the first cases of DHF by DENV-3 i Asiz Due to the controversy in the
DENV-3 genovipes classification described i Brazil, genotype I by Barceles Figueiredo ot
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al. (2008) and genotype V by Noguetra et al. (2008). Arafjo et al. (20092) performed a
DENV-3 phylogenetic perspective study circulatmg i the country. The phylogenetic analysis
and nucleotide distance based on the E gene of 103 strams from 30 different countries around
the wotld, supported the DENV-3 subdivision mto five distmct genotype and confirmed the
classification of the new genotype from South America as genotype V. Alfonso et al. (2012)
analyzed the phylogenetic relationships of DENV-3 isolated m Brazil and Paraguay with
viruses tsolated around the wotld, and the dynamics of evolutionary divergence of the
serotype based on the complete coding region. The data obtzmed mdicated that two groups of
the genotype III circulated durmg 2002-2009 m Brazil, bemg separated as two sub-lmes A
and B, suggestmg different mtroduction events different regions of the country. In the same
year, de Araijo et al. (2012) published 2 study on the origm and evolution of DENV-3
genotype III m Brazil by analyzmg the E gene of 107 sequences isolated from 2001 to 2009
m several regions of the country. The analysis revezled that at least four mtroductions of
genotype III occurred m Brazil, represented by the presence of four distmct phylogenetic
lmeages and highlighted the mportance of the Caribbean to the frequent mtroduction of
strams m Brazil. and suggested that the North and Southeast regions are of great mportance
to the mtroduction and spread of DENV-3 strams. Aware that the DENV genetic diversity
plays an important role m the disease immumopathogenesis. and that the polymorphisms
associated with adaptive response s relevant to vaccme development, Villabona-Arenas et
2013) reported the adaptive changes of DENV-3 durmg an epidemic m Szo Jose do Rie
Preto, m 2006 and 2007. In order to characterize the role of possible gemetic changes that
would mterfere with the immune escape, the study sequenced the entire coding region from
thirty-three DENV-3 1solates. Based on the evolutionary history, at least two different DENV-
3 mtroductions were identified m the city. and ten polymorphic sites over significant positive
pressure detected were detected. Furthermore, the major polymerphic sites were found m the
E. NSI, NS2A and NS5 genes, suggesting that those could be experiencing recent adaptive
changes. Figure 3 presents the phylogeny based on the E gene analysis from representative
Brazilian DENV-3 strams.
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Figura 3. Phylogenstic analvsis based on the E gene of reprasentative DENV-3 strains. Meighbor
joiningmathod, TH93+G modal with correction value of 0.22. Bootstrap tast {1000 raplicatas) is shown
next to the branches. Black circles reprasent the Brazilian DENV-3. DEMNV strains wers namesd as
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Molecular Epidemiology of Brazilian DENV-4

The DENV-4 reemerged m July of 2010 m the city of Forzims nerthemn Brazil after
zhout 30 yezrs sinee its mtroduction m 1981-82 (Temporso ot 2l 2011). This serotype spread
throughout the country amd m 2011, co-cheulsted with DENV-1, causing =n epidemic of
764032 reported cases. In that same vexr, de Souza et 2l (2011) snzlyzed the phylogenetic
relationships based on the E gene of six DENWV-4 straims izclated i the states of S3o Paulo,
Parand and Rie Grande do Sul and reported the genotype II circulating in the country. Nunes
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et al. (2012) studied the phylogeography of DENV-4 m Brazil based on the complete genome
of sixteen isclates circulating m the North (Rorzmz Amazzonas, Parz) and Nertheast (Bahiz)
regions, from 2010 =nd 2011, It was shown that despite the confimation of genotype 11, one
DENWV-4 strzin isclated m Bzhiz belonged to genotype I Furthetmers, it was zlso rewvezled
that genotype I was mtroduced more than three times i the last decede, two from Venezuela
to Foraima and from Colombiz to the Amazen. Anslyzing ten DENV -4 izclates from Fio de
Janeire m 2011 and 2012, Campos et al. (2013) confimed the circulation of genotype I i one
strzin and genotype IIb on the remainig strains, which were closely related to those isolated in
Forzmaz m 2010 zmd Szo Paule m 2011, The co-circulation of two distmet DENV-4
genetypes was demonstrated m country (Figure 4) znd corroborated by the recent results
described by Pmhe ot 2l (2013), also analyzmg strams from Bzhia It was shown that the
Brazilian strains were similar to the circulating strams m Viemam between 2004 and 2008,
suggesting that these wers derived from this variant of genetype L
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Fignrz 4. Phvlogenstic analvsis based on the E gsne of representative DENV-4 strains. Neighbor
joining mathod, TN93+G modsl with correction value of .29 Bootstraptast {1000 raplicatas) is shown
next to tha branches. Black circlas reprasent the Brazilian DENV-4. DEMNV strains were namad as
follows: GenBank accession number/countrv/vear.
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MOLECULAR BIOLOGY APPROACHES APPLIED TO DENGUE VIRUS
SURVEILLANCE IN MOSQUITOES VECTOR

The brozd spread of the mosquite vector Adedes aeqypfi has made dengue the most
important human srbovirus dizezse i the wotld. Besides the man-moesquite-man cyele of
dengue transmission, vius maybe vertically tramsmitted from 2 female mfected to her
offspring and by veneral transmission among mosquitoes. It is possible that the transovarial
transmission represents 2 way of mamtenanes of the DENV i nature, because the virus can
petsist until the seventh generation m the moesquitess tissuss (Kow et 2l 2001; Joshi ot al.
2002; Le Goff et al. 2011).

The wviral detection i mesquitees highlights the pesition of the vector 25 2 required
element i the transmission cycle of DENV during an epidemic (Liotta et al. 2003) and the
entomelogical surveillanee of those wiruses by rapid metheds of detection and
characterization i3 @ importznt tocl not only to help to predict the cccurrence of explosive
epidemics but alse to detect the mtroduction of new virns mmd'or genotypes. DENV detection
rates from Adedes mosquitees by BET-PCE. may vary depending on the geographical location,
epidemiclogical background or the wvector populs- tion. For mstance, durmg 2 surveillance
performed m Tziwan, only 0.2%% of deder aegypdi females were positive for DENW (Chen ot
zZl. 2010). On the other hand, m 2 swveillanes performed i Memico, 16.1% of the dedes
aegypii females collected m schools were infected with DENV (Garciz-Fejon et 2. 2011).

In Brazil during =n entomological surveillanes performed m BT i 2001, DENV-1 was
detected i Aedes aeqypii mosquitoes by RT-PCR, when the presence of DENV-3 was being
mvestigated. Previous studies showed that 17% of the Adedes aegmypdi mosquitoes were
mfected m 2 DENV-3 surveillance performed m Manans, Nerth region of Brazil (Pmheiro =t
zl. 2003). Howsever, i Fio de Janewro only 0.1% of zdult mosquitoes was mfected by DENV-
3 during zn entomological swrveillance performed durimg the mter-epidemic vear of 2006, A
semi MNested BT-PCE specific to genus Flavivirus was performed dwing an entomoelogical
swveillance m 1,700 mesquitees collected m the Northeast Southeast znd South regions of
Erazil, from 1999 tp 2003, DENV-1 to 3 were detected m 3.8% of the pools malyzed and one
m 2 pool of Haemagogus lewcoceloenus suggestmg that this vims could be mvelved m 2
sylvatic cycle. DENV-3 was found mfectng pools of Aedes albopicius lzrvas and phylogeny
wdentified the DENV-3 genotype III (de Figuewredo et 2l 2010). In Recife, Northeastem
Brazil despite the predommance of DENV-3 m human cases, 10%% of the tested pools wers
mfected, and both DENV-2 and DENV-1 weare detected in mosquitoes (Guedes et 21 2010).
During the DENV-4 entomelogicel surveillanee performed by RT-PCE in Borzimz North
Brazil m 2010, after thiz serotype emetgence, DENV-1 was also detected (Castro MG,
petsonal commumication). By usmg R T-PCE., Maciel-de-Freitzs (2011) malyzed the
swvival rate, longevity and fecundity of Adedes aeqypdi females orally challenged with
DENV-2 zmd demonstrated that nfected mosquitees from a2 long-estzblished laboratory
colony presented more viral BINA copies at death than those from the Fl-generation of 2 fisld
population from Fie de Janewoe, Brazil In 2008, duwimg an entomelogical surveillancs
petformed m the district of Tancrede Newves Manaus, 2 total of 260 Adedes mosquitoes was
tested by Nested RT-PCE. One Adedes aegypid peol was poesitive for DENV -4 and the genome
sequencing characterized the DENV-4 genotype (Figuetrede ot 2., 2013). A smdy by Castro
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et al. (2012) characterizad the fist DENV- 4 cases ccourred n Fio de Janeiro m 2011, and
demonstrated the role of rapid molecular techniques, such 2z conventional RT-PCE. and niR.T-
PCE, m the entomological swveillance of the newly mtroduced DENV-4 m wvector
populations after it was isolated from humans. The nRT-PCE was used to quantify the
DENV-4 wirgl titre (1.08 x 10° copiesml) from 2 singls dedes aeoypri female mosquito that
was naturally infected and mdividuzlly macerated. In the study, the effectivensss of the
Simplexa™ Dengue rtRT-PCE. kit comercially available, for the detection =nd typing of
DENV m Aedes gegypr, was alse evaluated. A single female was positive for DENV-4 with 2
low Ct value (23.5), suggesting 2 high viral load. Naturzl vertical transmission of DENVV-2
and DENWV-3 m Aedes aegypri and deder albopiciuz was reported m 2 study performed m 40
neighborhoods m Fortzlers Cezra Brazil from March 2007 to July 2009, A total of 3 417
Aedes segypri and 336 deder albopicius was malyzed by virus isolation, RT-PCR and
genome sequencing. The study reported dedes albopicius mfected by DENV-3, dedes aegypii
mfected by DENV-2 and Adedes albopicius co-mfected by DENV-2 and DENV-3 (Martms et
zl, 2012). Aiming to contribute for DENV phylogsnetic and vector-virus-human host studies,
de Castro et 2l (2013) sequenced the entire genome of one DENV-3 isclated from natrslly
infected dedes aegypii from BJ i 2001 mnd charscterized the 3° UTR. from strzins isolated
from mosquitces and humans. The phylegeny charzcterized the DENV-3 izolzted from both
vector and human host 23 belonging to Genotype III despite the differences observed on the
3" UTR. In the DENV-3 isclated from the mosquito vector, an eight nucleotides deletion was
chserved within the elsven nuclsotides msertion on the varisble region from the 3UTE. A
study evaluzted whether those distmet DENV-3 variants presenting these characteristics
showed differsnces on the vims-vector interaction by determining the vector competence of
two populations of deder agegmypd The results suggested that the experiments]l population
proved to be compstent to transmit the two DENV-3 strams. However, the viral dissemination
m the mesquitces body presentsd heterogensously, suggesting thar thers are advantages for
the strzm with eleven mucleotides msertion m the 3UTE, onece it dissemmated mors rapidly
(Choum-Cametro, 2014). Previous studies have suggested that the sequence and secondary
structures of the 5°and 3°UTE. of flawivirnses play an mmportant role m virzl replicetion and
differsnces i these regions may mfluence virsl virnlence. Morsover, mutations and deletions
within these regions may zlter mfectivity and reduce efficiency of viral replication. A stdy
ziming to compare the DENV susceptibility of fisld-captured Adedes aegypri from nine distmet
geographic aress of the city of Belo Horizonte i 2009 and 2011, analyzed adult females
experimentally mfected with DENWV-2 and the virus was detected by ffPCE. i body and hezd
samplez. Infection rate ranped from from 40% to 82.3% m 2009 and 60% to 100%: m 2011,
vector competence ranged from 23% to 77.53% m 2009 amd 25% to 30% m 2011and
disseminated mfection rates oscillated from 63.7% to 100% m 200% znd 38.4% to 368 m
2011, concludimg that Aedes cemyptf populations from Bele Horizonts exhibited wide
varistion i vector competence to tramsmit DENY (Gongalves et al, 2014). The natural
transovarizl transmission of DENV m Adedes aegypd from Cuishi, Mate Grosso, Brazil was
evzluated by using 2 multiplex semi-nested ET-PCE to detect the fouwr DENV, Yellow Fever
virus, West Nile virus and Szt Louis encephalitis vims m mosquitees collected m 2012,
DENWV-4 was the only flavivims detected m 16.0%% of the mosquitees pooels tested, meludng
mzles. Furthermore, the nucleotide sequences present=d 26-100%% homelogy with the DENV-
4 strzms form genotype II detected m Danaus, Amezronzs (da Cruz et sl 20135).
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Az shown previously, the molecular techniques used m severzl entomelogicsl
survelllances were found be effective even when a new serotype was mtreduced or when 2
serotype re-smerged during a dengue epidemic of a different serotype

NEW APPROACHES FOR DENGUE DIAGNOSIS AND RESEARCH:
APTAMERS

With the technical development and new tools avalabdity, severzl zpproaches for dengus
dizgnesis zmd resemrch are cwrrenfly undsr mvestigation. Some promizing tocls rely on
molecular  biclogy-based  techniques. Aptamers, for instanes,  zre  simngle-stranded
oligenucleotides that bind to #s target with high affmity =nd specificity. In 1990, both the
Gold (Tuerk & Geld, 19%0) and Szestzk groups (Ellmgton & Szostzk, 1990), described 2 new
methed usmg combmatorial chemistry library of mucleie acids (DNA and BENA) to select
BEMNA ocligonuclectides that fum and selectively lmked to cortam targets. The technigue
Imown 2z "Swstematic Evelution of Ligands by Expensntisl Envichment” - SELEX - zllows
obtzining high zffinity znd specificity primers for mmy clzsz of orgzmic molecules. The
oligonucleotide ligands penerated by this technique are celled aptemers derived from the
Latin “gpaus”, able to bind to and “mers ™ derived from the Gresk, memning particle. The most
revolutionary aspect of SELEX iz the selection of binders by the use of oligonucleotide
libraries chemically synthesized without the constraint of having to be selected, or produced
m a living crganism (Steltenburg ot 21, 2007). In general, the SELEX process comprises three
steps that zre repeated to sesk more nucleotides cazpable of binding to the targst In the first
step, library selection begins with library generztion of single stranded random nucleotides. In
2 second step, oliges must be mcubated with 2 target molecule m the presence of 2 buffer and
the desired temperature. These factors control the stringency of the bindmg process of the
mucleic acid melscules of mterest. Fimally, m the third step, the library amplified by PCE to
create 2 new library. This new znd enriched oligonucleotide pool will be used m the bndmg
rezction with the target m the next cycle. The last cyele 15 stopped zfter zmplificstion and
PCE. products zre cloned to characterize the aptemers. Apte=mers have been mamly developed
for zpplications such =23 dizgnestics or therspeutics (Bunka & Stockley, 2008; Song =t 21,
2012). For dengue 2 modulsr bicsensor that 43 zble to quickly identify sequences associated
with the virus genome has been developed. The biosensor was zble to detect sequences
derived from each of the four DENV serotypes with 2 high depree of specificity. Along with
sequences specific for each serotype, 2 sequence for pan-Dengue detection of all serotypes
was produced (Fletcher et al., 2012). Furthermore, several DINA aptamers that bind to various
important arbovimses with potential diagnostic biosensor applications hzave been developed
(Brune et =, 2012). The zptamers enasbles doect application i the dstection and
quantificztion of molecules and s advantzges over altemative metheds mcude bemg 2
relatively simple technique, requiring simple egquipment for its iselation, large number of
altemative melecules that can be sorted and its chemical smmplicity (James, 2000).
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NEXT GENERATION SEQUENCING

Az previously reported, BNA viruses are Imown to rapidly adapt f2cmg selective pressure
from the host mmmune system and'or antivirals mamly due to the error-prone cheractenistic of
the BNA-dependent BENA polymersse. DMers recently, using next-gensration sequencing
(MNGE), the generated virzsl populations can be identified znd quentified. NGS and zlzo Inown
2z desp sequencing has recently emetged 2z one of the most promizing tools for genome
gequencing, evolution, ecelogy, discovery and transeriptomics (Tang & Chiu, 2010; Radford
etal., 2012; Chiu, 2013).

Thizs platform involves the analysis of millions of nucleic acid—derived sequences present
m clinical samples to detect sequences related to particular pethogens. Due to its unbiased
nature, WGS allows the identificztion of new wviruses, emerging viruses, which can be highly
diverse, with high rates of mutation and recombmation. Moreover, one can now zcourately
quantify distnct viral populations and track the changes to these populations over the course
of 2 single mfection (Chiu, 2013). Currentdy, there are many NGS platforms te choose from,
dependimg on the rezd length and depth, such as, the 454 Sequencing (Roche Dizgnostics),
SOLD sequencing (Life Technologies). llummz and Jon Torrent A recent study compared
three NGS platforms for metzgenomic sequencing and identification of pathogens m bleod
and reported that the Roche-434 Titanium platform detected DENV at titers as low as 1X10%
pfuml, corresponding to meximum 34XI10* genome copiesml The Ion Torrent and
Numina platforms, enzbled detection of virzl genomes 2t concentrations 2= low 2z 13104
geneme copiesml and platform-specific bizses were evident i saquences read distributions
and wiral gemome coverage. Owerzll the platforms performed well for the pathogen
tdentification from bleed. However, unlike the identification, the pethogen charscterization is
likely to require higher titers, multiple libraries and'or multiple sequencing runs (Frey et 21,
2014). The NGS zpproach has many advantzges over more traditionzl methods for virus
detection, such zs PCE, ELISA and virus iselation. Thess may mclude speed, the zhiity to
detect nen-culturzble pathegens or zn unlmown pathogen m 2 clinical sample. However,
difficulties asseciated to the mtensive computztionzl anzlysis, data storage, lack of refersnce
genemes for comparison i some cases, the need of high coverage to detect some pathogens
atvery low levels in a cliniczl specimen and high cost, zre some challenges still to be faced.
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