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DENGUE TIPO 4 NO RIO DE JANEIRO: INVESTIGACAO DE ASPECTOS
EPIDEMIOLOGICOS, LABORATORIAIS, CLINICOS E VIRAIS DESDE A SUA
EMERGENCIA A SUA ENDEMICIDADE

RESUMO

TESE DE DOUTORADO EM MEDICINA TROPICAL

Manoela Heringer

A dengue € hoje um dos principais problemas de saude publica no Brasil, que tem
sido marcada por epidemias extensas. Dadas as opc¢oOes limitadas de prevencao e
controle, tem sido demonstrado que o diagndstico laboratorial desempenha um
papel importante no Sistema de Vigilancia Epidemiolégica, por infeccdes de
monitoramento continuo e confirmando novos casos. O principal objetivo deste
estudo foi descrever a introducéo do sorotipo 4 do virus da dengue no Estado do Rio
de Janeiro. ApOs a epidemia causada pelo DENV-2, em 2010, e durante a epidemia
com maioria de DENV-1 em 2011, vimos a deteccdo de DENV-4 pela primeira vez
no Rio de Janeiro, caracterizando um periodo com a co-circulacdo dos diferentes
sorotipos no estado. Apés a introducdo de DENV-4 observamos uma queda na
sensibilidade do método de ELISA para deteccdo do antigeno NS1, para melhorar
esta sensibilidade fizemos um estudo com dissociacao térmica anterior ao teste de
ELISA e observamos um aumento na sensibilidade. Um estudo descritivo e
retrospectivo foi feito pela analise de uma base de dados contendo informacdes de
registros epidemioldgicos recebidos, juntamente com as amostras biolégicas
enviadas para o Laboratério de Flavivirus (LABFLA) e os resultados do diagndstico
laboratorial. Um total de 703 casos de DENV-4 foram confirmados nos anos de 2011
a 2013. A RT-PCR foi negativa para apenas 1 caso, enquanto a inoculacdo em
células C6/36 confirmou 41% dos casos. Apenas 10% foram considerados dengue
grave, com 14 mortes. Andlise filogenética indicou a circulacdo do Gendtipo Il de
provavel origem da Venezuela ou Colémbia. O perfil da epidemia de DENV-a foi
diferente das epidemias ocorridas no RJ anteriormente, principalmente em relagao

ao quadro clinico da doenca.
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DENGUE TIPO 4 NO RIO DE JANEIRO: INVESTIGACAO DE ASPECTOS
EPIDEMIOLOGICOS, LABORATORIAIS, CLINICOS E VIRAIS DESDE A SUA
EMERGENCIA A SUA ENDEMICIDADE

ABSTRACT

TESE DE DOUTORADO EM MEDICINA TROPICAL

Manoela Heringer

Dengue is now one of the main public health problems in Brazil, which has been marked by
extensive epidemics. Given as limited options for prevention and control, it has been
demonstrated that the laboratory diagnosis plays an important role in the Epidemiological
Surveillance System, due to continuous monitoring infections and confirming new cases. The
main objective of this study was to describe the introduction of serotype 4 of the dengue virus
in the State of Rio de Janeiro. After an epidemic caused by DENV-2 and during epidemics
with DENV-1 majority in 2011, we detected the detection of DENV-4 for the first time in Rio
de Janeiro, characterizing a period with the co-circulation of the different serotypes in the
state. After the introduction of DENV-4 we observed a decrease in the detection rate of the
NS1 antigen, to solve we did a study with these samples of thermal dissociation prior to the
ELISA test and observed an increase in sensitivity. A descriptive and retrospective study was
done by analyzing a database containing information from epidemiological records received,
together with the biological samples sent to LABFLA and the results of the laboratory
diagnosis. A total of 703 cases of DENV-4 were confirmed in the years 2011 to 2013. RT-
PCR was negative for only 1 case whereas inoculation in C6 / 36 cells confirmed 41% of the
cases. Only 10% were considered severe dengue, with 14 deaths. In a phylogenetic analysis
of representative strains only Genotype Il was identified with a probable origin of Venezuela
and Colombia. The comparison of epidemics with most cases of DENV-4 infection with other
serotypes showed differences between them in epidemiological and laboratory variables,

especially in relation to the clinical picture of the disease.
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1 INTRODUCAO
1.1 Breve historico

A dengue é uma doenca amplamente descrita em todo o mundo e sua origem
ainda é especulada. Alguns autores sugerem sua origem no continente africano,
devido a origem de seu vetor (Edwards, 1932; Christophers, 1960). Contudo,
estudos ecoldgicos feitos por Smith, em 1956 e Rudnick, em 1986, narram que a
nao susceptibilidade do vetor ancestral, o Aedes aegypti formosus, aos virus dengue
africanos (Diallo et al., 2005). Além disso, estudos de analises filogenéticas indicam
uma origem asiatica (Gubler, 1998).

Mesmo antes do século XVIII o virus dengue (DENV) apresentava uma ampla
distribuicdo, com grandes epidemias sendo descritas por todo mundo (McSherry,
1982, Guzman et al., 2010).

Durante a Disnatia Chin (265 a 420 d.C.) foram encontrados os primeiros
relatos de uma doenca clinicamente compativel com a dengue. Nas enciclopédias
chinesas, foi descrita uma enfermidade denominada de “veneno da agua”, em
vitude de uma associacdo entre mosquitos e a &gua, onde os doentes
apresentavam febre, exantema, mialgia, artralgia e manifestacdes hemorragicas
(Gubler, 1998; Murray et al., 2013). Contudo, somente entre os anos de 1779 e
1780, foram documentadas as primeiras epidemias, ocorridas na Asia, América do
Norte e Africa (Gubler, 2006). Outros possiveis surtos de dengue ocorreram em
1635 nas Indias Ocidentais e em 1699 no Panaméa (McSherry, 1982, Guzman et al.,
2010).

O advento do transporte maritimo contribuiu para a dispersdo dos mosquitos
Aedes e de humanos infectados nos tropicos e consequentemente, eum um
aumento na notificagdo de surtos da doenca durante o século XVII (Sharp et al.,
2017).

O termo “dengue” originou-se na Espanha e foi introduzido na literatura médica
inglesa entre 1827 e 1828, durante uma epidemia de exantema com artralgia
ocorrida no Caribe. Em 1869, foi estabelecido pelo London Royal College of

Physicians para denominar esta enfermidade, até entdo referida na literatura como
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“febre articular”, “febre quebra ossos”, “dinga”, “polka”, entre outros (Siler et al.,
1926; Halstead, 1980).

Em 1903, Graham, publicou o envolvimento de mosquitos na transmissao da
doenca e posteriormente foi confirmado a papel do Aedes aegypti como vetor, em
estudo feito por Bancroft em 1906 (Rosen et al., 1954).

ApoOs experimentos feitos por Ashburn & Craig, em 1907, onde individuos
sadios foram infectados e reproduziram a doenca, foi comprovada a presenca do
virus na circulacdo sanguinea, com a observacdo de um organismo filtravel e de
tamanho ultramicroscépico. Mas somente em mar¢co de 1944, durante a Segunda
Guerra Mundial, que o DENV foi isolado pela primeira vez, em soldados que
contrairam a infeccéo na india, Nova Guiné e Havai (Sabin, 1952). Estes primeiros
isolados foram denominados dengue tipo 1 (DENV-1), sendo a cepa do Havali,
considerada prototipo para este sorotipo atualmente. Em Nova Guiné, algumas
cepas apresentaram caracteristicas antigénicas distintas, sendo considerado um
sorotipo diferente e denominado como dengue tipo 2 (DENV-2), atualmente
considerado protétipo. Durante uma epidemia ocorrida em Manila, em 1953, dois
novos virus foram isolados e denominados como dengue tipo 3 (DENV-3) e dengue
tipo 4 (DENV-4) (Hammon et al., 1960).

No decorrer de muito tempo, grandes epidemias ocorriam apenas com
intervalos de 10 a 40 anos, assim sendo, a dengue era considerada uma doenca
benigna (McSherry, 1982, Guzman et al., 2010). Somente apds a Segunda Guerra
Mundial, com o crescimento da populacéo, a urbanizacdo descontrolada, a falta de
programas efetivos para o controle do vetor e 0 aumento das viagens comerciais,
ficou evidente a mudanca na epidemiologia da doenca. Esses fatores colaboraram
para expansdo geografica do mosquito transmissor e do virus, proporcionando o
estabelecimento de uma pandemia que persiste até os dias atuais (Gubler, 1998;
Messina et al., 2014).

1.2 Epidemiologia da dengue

No mundo, as doencgas transmitidas por vetores estdo presentes em mais de

100 paises, com predominio em paises tropicais e em desenvolvimento, sendo as
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regides das Américas, do Sudeste Asiatico e do Pacifico Ocidental as mais afetadas
(McGrall & O’Neil, 2013; Brady et al., 2015; WHO, 2016) (Figura 1).
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Figura 1: Doencgas transmitidas por vetores de impacto global. A) incidéncia mundial de 6bitos
causados por doencas transmitidas por vetores; b) ano de vida ajustado por incapacidade) pelas
principais doengas transmitidas por vetores relatadas no mundo. (Adaptado de MacGrall & O’Neil,
2013).

A Organizacdo Mundial da Saude (OMS) considera a dengue a doenca viral
transmitida por mosquitos mais importante atualmente, que passou de doenca
esporadica com epidemias ocorridas em intervalos longos, a um grave problema de
saude publica, de impacto social e econémico no mundo (Guzman & Harris, 2015;
WHO, 2016).

Desde a primeira identificacdo de DENV-1 em 1943, os quatro sorotipos se
dispersaram mundialmente (Messina et al, 2014) e nos ultimos 50 anos a incidéncia
global da doenca aumentou 30 vezes (Guzman & Harris, 2015; Katzelnik et al.,
2017), com as regides tropicais e sub-tropicais tornando-se hiperendémicas, com a
co-circulacdo dos quatro sorotipos na maioria dos centros urbanos destas regifes
(Gubler, 2011; Messina et al., 2014; Gyawali, 2016), Figura 2. De fato, a dengue e
outras arboviroses, como chikungunya, Zika e febre amarela, emergiram de maneira
sem precedentes nas ultimas cinco décadas, resultantes de uma triade do mundo
moderno: urbanizacdo, globalizagcdo e mobilidade internacional (Wilder-Smith et al.,
2017).
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Figur
a 2: Distribuicdo espacial dos sorotipos de dengue (DENV-1 a 4) ao longo de 70 anos
(1943-2013) no mundo. A- B: DENV-1 a DENV-4, respectivamente. Areas escuras indicam
casos confirmados na década em questdo e areas claras representam casos confirmados
previamente, mas ndo na década em questdo. (Adaptado de Messin et al., 2014).
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Figura 2: Continuacéo - Distribuicdo espacial dos sorotipos de dengue (DENV-1 a 4)
ao longo de 70 anos (1943-2013) no mundo. A- B: DENV-1 a DENV-4, respectivamente.
Areas escuras indicam casos confirmados na década em questdo e éareas claras
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representam casos confirmados previamente, mas ndo na década em questéo (Adaptado de
Messina et al., 2014).

A dengue é endémica em mais de 125 paises e aproximadamente 3,6 bilhdes
de pessoas vivem em regides onde a doenga é potencialmente transmitida (Figura
3), com sua dispersdo impulsionada pelas mudancas climaticas, evolucdo do virus,
por fatores sociais, como o crescimento populacional, urbanizacdo descontrolada,
circulacdo de pessoas e programas de controle de vetores insuficientes (Murray,
2013; Katzelnick, 2017).

Risco e Dengue

- Frequente ou continuo

Figura 3: Distribuicdo mundial atual das infec¢cfes de dengue (Adaptado de Sharp et al.,
2017).

Estima-se que 390 milhdes de casos (284 a 528 milhdes) ocorram anualmente,
dos quais 96 milhdes (67 a 136 milhdes) apresentem manifestacdes clinicas com
alguma gravidade (Bhatt et al., 2013). Cerca de 500.000 pessoas sao hospitalizadas
a cada ano e 2,5% destas vao a 6bito (WHO, 2016).

1.2.1 Dengue nas Américas
A primeira suspeita de epidemia de dengue nas Américas data de 1635 na

Martinica e Guadalupe e, em 1699, no Panama. No entanto, a histdria da dengue no
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continente americano pode ser caracterizada em quatro fases distintas: a
identificacdo da doenca entre 1635 e 1639, o plano continental para erradicacdo do
vetor Ae. aegypti pela Organizacdo Pan-Americana da Saude (OPAS) entre 1947 e
1970, objetivando a eliminacdo da febre amarela, a re-infestacdo pelo vetor
associada a interrupcao do programa de erradicagdo no periodo entre 1971 e 1999 e
a migracdo de Aedes do Caribe para a América do Sul, especificamente para a
Venezuela e subsequente infestacdo do Brasil (Brathwaite Dick et al., 2012).

O primeiro sorotipo isolado nas Américas foi o DENV-2, em 1953 em Trinidad e
Tobago, mas o registro continuado deste sorotipo no continente sé ocorreu entre o
fim de 1960 e inicio de 1970 (Gubler, 2011; Messina et al., 2014; Brathwaite Dick et
al., 2012; Cucunawangsi & Lugito, 2017).

Nos anos 70, com a tentativa fracassada de erradicacao do vetor (Anderson et
al., 1956; Gubler et al., 1997; Brathwaite Dick et al., 2012), o DENV-1 é introduzido
nas Américas, primeiramente na Jamaica, em 1977. Contudo, sua rapida dispersao
no continente americano causou epidemias em diversos paises do Caribe e da
América Central e, até o ano de 1980, mais de 700.000 casos da doenca foram
notificados (PAHO, 2004). Nas décadas seguintes, Brasil, México e Porto Rico, em
particular, registraram casos de DENV-1 e, entre 1980 e 1990, Colémbia, Costa
Rica, Guiana Francesa, Paraguai, Peru e Venezuela também registraram
transmissao sustentada do virus (Messina et al., Messina et al., 2014).

Os primeiros registros de DENV-3 nas Américas ocorreram em 1963, em Porto
Rico e, em 1994, uma nova variante deste sorotipo foi introduzido na Nicaragua e no
Panama. Esta introducéo foi associada as epidemias de FHD/Sindrome do Choque
por dengue (SCD) no Sri Lanka e na india desde 1989. Desde entdo, DENV-3 se
dispersou para os paises da América Central e México em 1995, Porto Rico em
1998 e outras ilhas do Caribe, causando epidemias nestes, e em paises da Ameérica
do Sul, como Brasil e Colémbia (Messina et al., 2014; Brathwaite Dick et al., 2012;
Cucunawangsi & Lugito, 2017).

O sorotipo 4 foi intruduzido nas Américas em 1981, na llha de Saint
Bartolomeu, no entanto, nhaquele mesmo ano, a circulagdo de uma nova variante de
DENV-2 foi evidenciada em Cuba, resultando na primeira epidemia de febre
hemorragica do dengue (FHD) (Gubler, 2006; Brathwaite Dick et al., 2012, Messina
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et al., 2014; Cucunawangsi & Lugito, 2017). No periodo entre 1989 e 1990, a
segunda maior epidemia de FHD foi reportada nas Américas, com cerca de 20 mil
casos, na Venezuela, quando co-circularam DENV-1, DENV-2 e DENV-4 (Malavige
et al., 2004; WHO, 2008).

Atualmente, Brasil, Colémbia e México contribuem com 70% dos casos de
dengue nas Américas, onde os quatro sorotipos de DENV circulam. Chile e Uruguai
eram 0s Unicos paises sem transmissao autdctone de qualquer sorotipo, e desde a
confirmacédo do primeiro caso em fevereiro de 2016, o Uruguai registrou 570 casos
suspeitos da doenca (Gyawali et al. 2016; WHO, 2016; OPAS, 2017).

De acordo com a OMS, a situacao epidemiolégica da dengue nas Américas
continua extremamente complexa e instavel com a continua dispersdo da doenca
deste a década de 1980 (Figura 4). Entre os anos 2000 e 2014, foram registrados
mais de 14,2 milhées de casos de dengue, com 7.000 6bitos (OPAS, 2015). Até a
242 semana epidemiologica de 2017 (23 de Junho de 2017), 274.534 casos
suspeitos ja haviam sido reportados as Américas, representando uma reducéo

comparada aos anos anteriores (WHO, 2017).
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Figura 4: Distribuicdo dos sorotipos de DENV nas Américas, 1980-2014 (Adaptado
de OPAS, 2015).
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1.2.2 Dengue no Brasil

No Brasil, os primeiros relatos de doenca compativel com dengue, datam de
meados do século XIX, com os primeiros surtos ocorridos entre 1846 e 1853 em S&o
Paulo e no Rio de Janeiro mas, provavelmente, também nas regides Sul, Nordeste e
em outras cidades do Sudeste. Em 1917 foram relatados surtos em Curitiba e no
estado do Rio Grande do Sul. Nos anos de 1922 e 1923 ocorreu um grande surto na
cidade do Rio de Janeiro e cidades vizinhas (Figueiredo, 2000).

Os primeiros isolamentos de DENV no pais ocorreram em julho de 1982, na
cidade de Boa Vista em Roraima, quando DENV-2 e DENV-4 causaram surtos
localizados e, na ocasido, ndo se dispersaram para o restante do pais (Osanai et al,
1983).

Apds quatro anos sem novos casos, em 1986 foi isolado o DENV-1 em
pacientes com quadro exantematico, durante epidemia ocorrida no municipio de
Nova Iguacu, no estado do Rio de Janeiro (Schatzmayr et al., 1986). Nos anos
seguintes, a doenca se tornou um problema de saude publica em quase todo
territério nacional, com epidemias ocorrendo em diversos estados do pais (Nogueira
et al., 2007).

Em 1990, também no estado do Rio de Janeiro, mas no municipio de Niteroi,
foi registrada a introducdo de DENV-2 (Nogueira et al., 1990), quando foi observado
um agravamento dos quadros clinicos, sendo notificados os primeiros casos de
FHD/SCD no pais (Nogueira et al., 2007). A introdu¢cdo do novo sorotipo causou
novas epidemias em diversos estados brasileiros e naquele ano, foram notificados
40.279 casos, com 274 casos de FHD e oito ébitos (Nogueira et al., 1995). Em 1991,
uma nova epidemia ocorreu no pais, com a confirmacdo de 104.399 casos
(SVS/MS, 2002).

A introducdo de um novo sorotipo (DENV-3) no municipio de Nova Iguacu,
estado do Rio de Janeiro, no final de 2000 (Nogueira et al, 2000), resultou no ano
seguinte, na co-circulacédo de trés sorotipos (DENV-1, DENV-2 e DENV-3), e na
maior e, até entdo, a mais grave epidemia do pais, no ano de 2002 (Nogueira et al,
2002; De Simone et al, 2004).

Entre 2002 e 2007, DENV-3 foi o sorotipo predominante, porém DENV-2

reemergiu em 2007, resultando em uma extensa epidemia no ano de 2008, com um
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aumento significativo no nimero de FHD em menores de 15 anos, representando
cerca de 50% dos casos de dengue e 86% das mortes ocorrendo em individuos
nesta faixa etaria (Teixeira et al., 2009). Naquele ano, 806.036 casos e 229 Obitos
foram notificados (SVS/MS, 2016).

Em 2009, DENV-1 reemergiu e 529.237 casos de dengue e 298 dbitos foram
notificados. No ano de 2010, este foi o sorotipo responsavel pela maior epidemia até
entdo conhecida no pais, com mais de 1 milhdo de casos e 356 Obitos confirmados.
No ano seguinte houve uma diminuicdo no numero de notificacdes, com 764.032
casos de dengue no pais e 482 6bitos (SVS/MS, 2009).

Até o ano de 2010 era relatada, principalmente, a co-circulacdo de DENV-1 e
DENV-2, quando DENV-4 foi identificado em pacientes do estado de Roraima. Em
julho de 2010 este sorotipo foi também isolado no Amazonas. Em janeiro de 2011
DENV-4 foi isolado no Para, alcancando o estado do Rio de Janeiro em marco de
2011(Temporéo et al., 2011; Nogueira, 2011).

Nos anos seguintes, DENV-4 e DENV-1 foram os sorotipos responsaveis por
novas epidemias. Em 2012, 589.581 casos de dengue e 121 O&bitos foram
registrados e, em 2013, o maior nimero de casos foi notificado no pais (1.452.289
casos e 235 6bitos), (SVS/MS, 2013).

O ano de 2014 foi marcado por uma queda nas notificacbes e 589.107 casos
foram reportados. No entanto, em 2015, 1.688.688 casos provaveis de dengue e 839
Obitos foram reportados no Brasil, 0 que representou um aumento de 80,4% em
comparacao com o mesmo periodo de 2014 (SVS/MS, 2015).

Em 2016, 1.500.535 casos provaveis de dengue foram registrados e, até a
Semana Epidemioldgica 19 (13/05/2017) de 2017, 144.326 casos provaveis de
dengue no pais foram registrados (SVS/MS, 2017).

Nos ultimos 30 anos, extensas epidemias de dengue ocorreram no Brasil,
caracterizadas por emergéncias e reemergéncias dos diferentes sorotipos,

mudancas no perfil epidemiolégico e aumento no niumero de casos e fatais, Figura 5.
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Figura 5: Casos de dengue, dengue grave e oObitos notificados no Brasil, 1986-2016

(dados coletados dos boletins epidemiologicos do MS).

Apesar da situacdo hiperendémica do pais com a co-circulagdo dos quatro
sorotipos de DENV, em 2016 uma maior prevaléncia de casos de DENV-1, seguido
de DENV-4 foi reportada (Sinan, 2016), Figura 6.

Figura 6: Circulagdo dos sorotipos de dengue no Brasil, ano 2016 (SINAN, 2016).
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1.3 Ovirus Dengue

O DENV pertence a familia Flaviviridae e ao género Flavivirus, onde estédo
inseridos virus de mais de 70 espécies em grupos sorologicamente associados,
entre eles o virus da febre amarela (YFV), o virus Zika (ZIKV) e o virus do Oeste do
Nilo (WNV) (Westaway et al., 1985; Sashili & Lescar, 2017).

Os quatro sorotipos do virus (DENV-1 a 4) possuem propriedades antigénicas
distintas que podem influenciar o desfecho da doenca, a protecdo a vacina,
magnitude da epidemia e evolucgao viral (Katzelnick et al., 2015).

Um possivel quinto sorotipo (DENV-5) foi identificado na Malasia, por Vasilakis
em 2007, a partir de amostra de soro de paciente (Normile, 2013; Silva Voorham et
al., 2014; Mustafa et al., 2015), no entanto, apesar da aparente distingdo antigénica
dos outros quatro sorotipos, o DENV-5 permanece ndo descrito até o0 momento.

Os DENV sao classificados como arbovirus, ou seja, virus mantidos na
natureza através de um ciclo de transmissédo envolvendo hopesdeiros vertebrados,
como primatas ndo humanos e humanos, e mosquitos hematofagos do género
Aedes, sendo o Ae. aegypti o principal vetor, devido aos seus habitos domésticos
(Gubler, 2002; Roundy et al., 2017).

Os DENV séo virus esféricos, envelopados, com aproximadamente 40-60 nm
de diametro, com genoma constituido de RNA de fita simples (ssRNA) com
polaridade positiva e aproximadamente 11kb, contendo regides néo traduzidas nas
extremidades de 5 'e 3' (UTR). O RNA viral codifica para trés proteinas estruturais:
proteinas do capsideo (C), de membrana (M) e do envelope (E); e sete proteinas
nao estruturais: NS1, NS2A, NS2B, NS3, NS4A, NS4B e NS5. O virus maduro é
composto pelas proteinas estruturais, enquanto as proteinas nao estruturais séo
expressas nha ceélula infectada (Lindebach & Rice, 2001; Kuhn et al., 2002; Back,
2013; sahili & Lescar, 2017) (Figura 7).

A proteina estrutural do capsideo (C) é a primeira a ser sintetizada, apresenta
fita Unica de polaridade positiva e encapsula o RNA viral (Chambers et al., 1990;
Idrees & Ashfal, 2012).

O nucleocapsideo tem simetria icosaédrica e é envolto por lipideos derivados
da célula hospedeira, onde estdo ancoradas as proteinas de membrana (M) e do

envelope (E). A proteina E é glicosada, possui 3 dominios estruturais (DI-1ll), que
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sd80 necessarios para neutralizacdo, fusdo e interacdo com 0s receptores presentes
na célula hospedeira e € o principal alvo para os anticorpos neutralizantes, sendo de
grande importancia na viruléncia (Wengler et al., 1987; Clyde et al., 2006; Yacoub et
al., 2016). Por sua vez, a proteina M é um fragmento resultante da protedlise da
proteina pré membrana (prM) e forma o envelope viral, juntamente com a proteina E
(Ligon, 2004; Rodenhuis-Zybert et al., 2010).

Proteina M |
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// ,')‘f \ ’A/‘L.
GOw, 3
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& % | 7

Proteina do
capisideo | RNA Viral

Figura 7: Representacao esquematica da morfologia do DENV. Crioeletromicrografia da
particula viral com sua estrutura icosaédrica, com projecBes representando proteinas
estruturais de membrana (M) e de envelope (E). Adaptado de Cucunawangsih & Lugito,
2017.

A primeira proteina ndo estrutural € a NS1 relacionada com a ativacdo do
sistema complemento, levando a perda extravascular do paciente (Dussart et al.,
2006; Lima et al., 2010; Sashili & Lescar, 2017). Estudos demonstraram que niveis

soluveis de NS1 podem indicar uma doenca grave, onde pacientes com DHF
Manoela Heringer | 13



demonstram niveis maiores de NS1 circulantes do que pacientes com dengue
classico (Dussart et al., 2006; Lima et al., 2010).

A proteina NS1 de todos os flavivirus partilham um elevado grau de homologia,
com 1.056 nucleotideos que codificam um polipeptideo de 352 aminoacidos
(Mackow et al, 1987; Mandl et al, 1989) e, dentre os sorotipos de DENV, sua
similaridade é superior a 70%. Apresenta 12 residuos de cisteina conservados (com
excecdo do DENV-4), dois sitos de N-glicosilacdo invariaveis (com excecao de
alguns membros, como Virus da Encefalite transmitida por Carrapato, TBEV), assim
como regides de alta homologia entre as sequéncias de diversos flavivirus
(Chambers et al., 1990). E uma glicoproteina, cujo monémero possui peso molecular
entre 46 e 55 kDa, dependendo do seu estado de glicosilacdo. Pode ser encontrada
em varias formas oligoméricas e encontra-se em diferentes localizaces celulares:
associada a membrana da célula (MNS1), apesar de ndo possuir nenhuma regiao
altamente hidrofébica ou tipica de ancora de membrana; dentro da célula em
compartimentos vesiculares, onde sua forma dimérica parece interagir com outras
proteinas nao estruturais e com o RNA do virus, estando envolvida na montagem do
complexo da replicase viral (Winkler et al, 1989; Costa et al, 2007) e uma forma
hexamérica extracelular secretada (sNS1) (Mason, 1989; Flamand et al., 1999).
Frente a esta ultima foma, pode-se explicar a producdo de anticorpos contra esta
proteina, detectada em soro de pacientes, na fase aguda da doenca (Young et al,
2000; Alcon et al., 2002; Chung & Diamond, 2008).

A forma hexamérica da proteina NS1 é altamente conservada nos quatro
sorotipos e foi encontrada circulando no soro de pacientes do primeiro ao nono dia
apos o inicio da febre (Flamand et al., 1999, Young et al., 2000, Alcon et al., 2002,
Xu et al., 2006). Aproveitando-se destas caracteristicas, ensaios imunoenzimaticos
para a deteccéo especifica da proteina NS1 foram desenvolvidos e avaliados para a
confirmacéo de casos agudos primarios e secundarios de dengue (Dussart et al.,
2006; Kumarasamy et al, 2007; Sekaran et al, 2007; Lapphra et al., 2008;
Chuansumrit et al, 2008; Phuong et al., 2009; Guzman et al, 2010; Duong et al,
2011; Blacksell et al, 2012; Huang et al, 2013; Sanchez-Vargas et al, 2014). Durante
a infeccdo por DENV, a sNS1 pode acumular niveis muito elevados, podendo ser
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detectado até 50uL/mL em alguns soros de pacientes (Young et al, 2000; Libraty et
al, 2002; Alcon-LePoder et al, 2006).

A proteina NS2A é uma proteina de membrana, estad relacionada com o
transporte do RNA viral no sitio de replicacdo e também com a montagem no virus.
Apesar de ter sido pouco caracterizada, possivelmente, estimula a producédo de
interferon (IFN) agindo como antagonista deste (Jones et al., 2005; Sashili & Lescar,
2017). Por sua vez, a proteina NS2B, junto com a proteina NS3 funcionam como
cofator para ativacao estrutural do virus (Jones et al., 2005).

A NS3 é uma proteina ndo-estrutural e a segunda maior proteina viral,
altamente conservada. Ela possui dois dominios, o primeiro denominado NS3Pro é
essencial para a replicacdo viral, este dominio trabalha junto com um cofator
peptidico, a NS2B. O segundo dominio € ATPase/helicase localizado na porcédo C-
terminal que participa na replicagdo viral, independente do primeiro dominio
(Chamers et al., 1990; Luo et al., 2008; Aguilera-Pesantes, 2016).

A proteina NS4A colabora para o complexo de replicacéo viral e pode induzir
alteracbes da membrana, também atua como inibidor da transcricdo do IFN
(MufiozJérdan et al., 2003) e colabora com a replicacdo viral (Lindenbach & Rice,
2001; Sashili & lescar, 2017). A NS4B interage com o dominio helicase da NS3
modulando a replicagéo viral (Umareddy et al., 2006).

Por fim, a NS5 é a maior e mais conservada das proteinas (com simililaridade
de sequéncia de 70% entre os quatro sorotipos) e € expressa durante a infecgéo
pelo virus. Possui dois dominios, um dominio de metiltransferase (MTase) na sua
extremidade N-terminal e uma RAN polimerase (RdRp) dependente de RNA no seu
terminal C. Estudos descrevem que a NS5 representa um alvo antiviral promissor
para projetar inibidores especificos com baixa toxicidade (Chambers et al., 1990;
Sashili & Lescar, 2017).

1.3.1 Replicagédo do Virus Dengue

As células dendriticas, mondcitos, macréfagos, células linféides e hepatdcitos
sé@o as principais células alvo para infeccdo pelos DENV (Jessie et al.,2004; Ross,
2010; Chawla et al., 2013).
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Apéds a pidaca pelo mosquito vetor, durante o repasto sanguineo, o DENV ira
infectar, inicialmente, as células de Langerhans, que sdo as células dendriticas
presentes da pele. Posteriormente, esses virus se replicam no citoplasma das
células musculares, fibroblastos e nos linfonodos (Figueiredo, 1999; Wu, 2000).

O ciclo do DENV na célula hospedeira se inicia com a ligagédo do virus atraves
da interacdo da proteina E com receptores de ligacdo na superficie celular do
hospedeiro e, em seguida, sao internalizados para a célula por endocitose, que € um
processo ativo com invaginacfes na membrana plasmatica (revisto em Boldescu et
al., 2017). Associado com a fusdo do envelope com a vesicula endocitica, 0 RNA
viral é liberado no citoplasma, devido uma acidificacdo do meio, com pH em torno de
6,0 a 6,2 (Back et al., 2013; Rastogi et al., 2016).

O RNA viral ira replicar em areas focais perinucleares, que ocorre em duas
fases. Na primeira fase, o genoma viral se comporta como RNA mensageiro, sendo
traduzido por ribossomos celulares, para uma poliproteina que serd processada por
proteases virais e da célula hospedeira. Na replicacdo tardia, juntamente com as
células do hospedeiro, as proteinas clivadas remodelam, amadurecem a poliproteina
e replicam o RNA viral (Mukhopadhyay et al., 2005; Tmlinson et al., 2009; Shum et
al., 2010; Sashili & lescar, 2017).

O RNA recém-sintetizado, brota para o limen do reticulo endoplasmético (RE),
a proteina do capsideo e o RNA sdo envolvidos pela membrana do RE e
glicoproteinas, formando as particulas virais imaturas. Em meio acido do complexo
de Golgi, os virus imaturos passam pela etapa de maturacéo pela clivagem mediada
por furina e em seguida o virus maduro é liberado da célula (Mukhopadhyay et al.,
2005; Back et al., 2013; Rastogi et al., 2016), Figura 8.

Manoela Heringer | 16



., LIBERACAO
o Via secretora do
. Complexo de Golgi

Infeccio

“PENETRACAO
Fusdo dependente

ADSORCAO
dopH

Virus — Célula
hospedeira via /" ~
receptor celular’ "

Virus
maduro

TNG

"\ DESNUDAMENTO

vRNA
P \/\/\
TRANSCRICAO/

REPLICACAO

\

Replicacio
Genoma
Viral

MONTAGEM '
do nucleocapsideo

GOLGI

Figura 8: Representacdo esquemética do ciclo de replicacdo dos virus dengue
(Adaptado de Shum, 2010).

1.3.2 Diversidade genética dos DENV

Os virus RNA apresentam um alto grau de variabilidade genética, devido ao
alto grau de mutacéo vinculado a RNA polimerase viral RNA-dependente.

A falta de mecanismo de correcédo desta RNA polimerase durante a replicagéo,
as rapidas taxas de replicacdo, o grande tamanho populacional e a presséo
imunoldgica do hospedeiro levam a mutacfes do virus (Holmes & Twiddy, 2003).

Inicialmente, a demonstracdo de diferentes cepas de DENV foi detectada
sorologicamente com a utilizacdo de anticorpos inoculados laboratorialmente em
animais. Evidéncias genéticas para diferenciacdo entre os sorotipos sO foram
determinadas através da técnica de RNA fingerprinting, com enzimas para digestédo
do RNA, demonstrando a variagdo no numero e no tamanho das fitas de acordo com
a sequéncia do virus, sendo estes, agrupados em topotipos (Sabin, 1952; Rico-
Hesse, 2003; chen & Vasilakis, 2011).
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No entanto, com o avango das técnicas moleculares, como o sequenciamento
gendmico e analise filogenética, foi possivel a classificacdo dos DENV em grupos
geneticamente distintos (Lewis et al., 1993; lanciotti et al., 1994; Rico-Hesse, 2003;
Fatima et al., 2011). Definiu-se como “gendétipos”, grupos de virus que apresentam
uma divergéncia nucleotidica = 6% dentro de uma determinada regido do genoma
viral (Rico-Hesse, 1990).

Estudos baseados no sequenciamento parcial ou completo do genoma,
caracterizaram cinco genotipos para DENV-1, seis gendtipos para DENV-2, cinco
gendtipos para DENV-3 e trés genotipos para DENV-4 (Weaver & Vasilakis, 2009;
Chen & Vasilakis, 2011), Quadro 1. A identificacdo dos diferentes genétipos pode
ser realizada pela andlise completa do genoma, no entanto o gene E €, geralmente o

alvo comumente utilizado (Klungthong et al., 2008).
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Quadro 1: Classificacdo genotipica baseada na analise filogenética do
sequenciamento do gene que codifica para a proteina E, de acordo com Weaver e
Vasilakis (2011).

SOROTIPO GENOTIPOS DISTRIBUIGAO GEOGRAFICA

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

DENV-1 i Malésia (cepas selvagens)
v llhas do Oeste do Pacifico e Australia
\% Américas, Oeste da Africa Africano, Asia
Asiético | Malasia e Tailandia
Asiético Il Vietnd, da China, Taiwan, Sri Lanka e Filipinas
Cosmopolita Australia, Leste e Oeste Africano, llhas dos

oceanos Pacifico e indico, Subcontinente Indiano e
Oriente Médio

Americano América Latina, Caribe (1950-1960),
Subcontinente Indiano e llhas do Pacifico

Sudeste Tailandia, Vietnd, Américas (Ultimos 20 anos)
Asiatico/Americano

DENV-2

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

I Indonésia, Malasia, Filipinas e Sul da llhas do
Pacifico

Il Tailandia, Vietna e Bangladesh
DENV-3 1] Sri Lanka, India, Africa, Samoa, Tailandia (1962)
v Porto Rico, Américas Latina e Central, Taiti (1965)
\Y, Filipinas (1956), Japédo (1973), China (1980)
América do Sul (2002-2004)

I Tailandia, Filipinas, Sri Lanka e Japédo
(provenientes do Sudeste Asiatico)
DENV-4 I Indonésia, Maldsia, Taiti, Caribe e Américas

1l Tailandia (cepas recentes)
v Malasia (cepas selvagens)

No Brasil, atualmente circula o gen6tipo V (Américas/Africa) de DENV-1, porém
linhagens distintas dentro deste gendtipo ja foram descritas (Dos Santos et al., 2011,
Carneiro et al., 2012; Drummond et al., 2012; de Bruycker-Nogueira et al., 2015;
Dutra et al., 2017).

Linhagens distintas também foram descritas para o genétipo do Sudeste
Asiatico/Americano de DENV-2 (Oliveira et al., 2010; Faria et al., 2013; Drummond et
al., 2013; Mir et al., 2014) e do genotipo 1l de DENV-3 circulantes no Brasil
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(Miagostovich et al., 2006; de Araujo et al., 2012). No entanto, o gendtipo V foi
identificado em Porto Velho e Belo Horizonte (Aquino et al, 2009) e a co-circulagdo
dos gendtipos Il e V, foi reportada em Rondodnia (Nogueira et al., 2008).

Mesmo com a recente introducdo de DENV-4 no pais, dois genétipos (I e 1l) ja
foram identificados em circulacdo (de Souza et al.,, 2011; Nunes et al.,, 2012;
Figueiredo et al., 2013; Fares et al., 2015; Dutra et al., 2017; Ramos-Castaneda et
al., 2017).

A andlise das variantes genéticas de DENV é de grande relevancia, pois pode
permitir a reconstrucdo da histéria de epidemias no tempo e espaco,
complementando dados epidemiolégicos (Costa et al.,, 2012) e auxiliar no

entendimento da evolucgéo e transmisséo dos diferentes sorotipos.

1.4 Manifestac¢des clinicas

Caracterizada por um amplo espectro de manifestacdes clinicas, a dengue
pode apresentar uma evolucao imprevisivel. Tais manifestacdes podem variar desde
febre branda, auto-limitada, com recuperacao espontanea a um quadro muito grave
com extravasamento de plasma, concomitante com um quadro de hemorragia.

A necessidade de caracterizacdo adequada dos casos, de modo a permitir a
abordagem apropriado de pacientes e um tratamento eficaz, fez com que a OMS,
em 2009, reformulasse a escala de classificacdo da doenca (OMS, 2009).

Os casos de dengue sdo atualmente caracterizados como (i) Dengue sem
sinais de alerta — caracterizada por apresentar, além de febre, até dois sintomas
brandos, entre nausea, vomito, erupcdo cutanea, dor localizada, teste do torniquete
positivo e leucopenia, (ii) Dengue com sinais de alerta — com sinais que incluem dor
abdominal, vbmito persistente, acumulo de fluidos, sangramento de mucosas,
letargia ou inquietacdo, aumento do figado e diminuicdo da contagem de plaquetas —
ambos podendo progredir para um quadro mais grave, classificado como (iii)
Dengue Grave (DG), caracterizado por grave extravasamento de plasma (que pode
evoluir para chogue), hemorragia intensa e faléncia de érgaos (WHO, 2009), Figura
9.
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A nova classificagdo foi reavaliada e expandida pela OMS em 2012, e vem

sendo utilizada em diversos paises para diagnostico de infec¢des por DENV (WHO,

2012).

DENGUE COM OU SEM SINAIS
DE ALERTA

Com Sinais de
Alerta

DENGUE GRAVE

1. Extravasamento severo de plasma
2. Hemorragia severa

3. Dano severo aos orgios

CRITERIOS PARA DENGUE COM QU SEM SINAIS DE ALERTA CRITERIOS PARA DENGUE GRAVE

Extravasamento severo de plasma
levando a:

+ Choque (SCD)

+ Acumulo de fltido com dificuldade
respiratonia

Provavel dengue Sinais de alerta®

Morar em/ viajar para area endémica.  * Dor abdominal intensa

Febre e dots dos seguintes critérios: » Vémito persistente

* Niusea e vomito * Actimulo de fluidos

* Erupedo cutinea * Sangramento de mucosas

+ Dores no corpo * Letargia, nquietacio

* Teste do tormiquete + + Aumento do figado =2cm

* Leucopenia » Laboratorial: aumento do

+ Qualquer sinal de alerta hematdcrito, simultineo a rapida
diminigio da contagem de
plaquetas

Sangl‘amentu Severo
a ser avaliado por um médico

Envolvimento severo de orgios
* Figado: AST ou ALT = 1000

* SNC: consciéncia comprometida
Confirmacio lahu"rat.ol‘ial Qe Qengue » Corag3o e outros 6rgios
(Importante na auséncia de sinais de

extravasamento de plasma)

*(necessitando estrita observagio e
intervengdo médica)

Figura 9: Classificacdo dos casos dengue sugerida pela OMS em 2009 (Adaptado de
WHO, 2009). SCC: Sindrome do choque por dengue, AST: Aspartato aminotransferase;
ALT: Alanina aminotransferase.

1.5 Patogenia das infec¢gdes por dengue

De um modo geral, os mecanismos associados a patogénese do DENV ainda
ndo sao totalmente compreendidos, principalmente devido a inexisténcia de um
modelo animal que reproduza adequadamente a infecgcdo como ocorre em pacientes
humanos (Thein et al., 1997; Simmons et al., 2012; Zubair et al., 2016). Portanto,
diversas teorias sdo propostas, na tentativa de se explicar o amplo espectro de
variacdo das manifestacoes clinicas causadas por DENV (Halstead e Cohen, 2015).

As variagdes genéticas e antigénicas das cepas virais sdo consideradas umas
das hipo6teses, sugerindo que sejam responsaveis pela intensidade do quadro
clinico. A evolucdo genética do virus dentro de cada sorotipo pode originar cepas

mais virulentas ou epidémicas (Rosen et al., 1977; Gubler et al., 1978).
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Dentre os sorotipos de DENV, o DENV-2 tem sido o sorotipo frequentemente
associado com casos de FHD/SCD (Burke et al., 1988; Thein et al., 1997; Guzman
et al., 2002; Balmaseda et al., 2006), seguido de DENV-1 e DENV-3 (Graham et al.,
1999; Harris et al., 2000; Messer et al., 2003; Guzman et al., 2006; Balmaseda et al.,
2006), enquanto que DENV-4 parece ser 0 sorotipo associado a quadros clinicos
mais brandos, embora possa causar doenca grave (Nisalak et al., 2003).

De fato, DENV-2 e DENV-4 tém sido associados com um aumento na
gravidade da doenca quando ocorrem durante a infec¢do secundaria, enquanto que,
em alguns estudos, DENV-1 e DENV-3 parecem causar uma doenca mais grave do
que os outros sorotipos em infeccdo priméaria (Vaughn et al., 2000; Nisalak et al.,
2003; Balmaseda et al., 2006). Contudo, a infec¢do secundaria por qualquer um dos
quatro sorotipos de DENV tende a ser um fator de risco para o desenvolvimento de
um quadro mais grave da doenca (Halstead, 2007).

Apesar de nao existirem fatos que demonstram uma clara correlagéo entre a
gravidade com um genotipo especifico, existem indicativos que alguns genotipos
estdo associados a evolucdo da doenca. Estudos evolutivos descrevem que as
cepas de origem asiatica sejam mais virulentas do que os gendtipos de origem nas
Américas e do Pacifico Sul (Rico-Hesse et al., 1997; Messer et al., 2003; Clyde et
al., 2006; Rico-Hesse, 2010).

A teoria da facilitacdo dependente de anticorpo ou ADE, “antibody dependent
enhancement”’, preconiza uma associagao entre infec¢gdes secundarias e o
desenvolvimento de formas mais graves da doenca. Nesta teoria, ocorre a formacgao
de imunocomplexos entre o sorotipo viral infectante e anticorpos heterdlogos da
classe 1gG de uma infec¢do anterior em niveis sub-neutralizantes, que facilitariam a
nova infeccdo. Estes complexos, ao serem reconhecidos e internalizados por
fagdcitos mononucleares, resultariam na infeccdo celular e replicagdo viral, que
liberariam na corrente sanguinea, mediadores vasoativos capazes de aumentar a
permeabilidade vascular, ativagcdo do sistema complemento e da tromboplastina
tissular (Halstead, 1988; Screaton et al., 2015).

Na teoria do “Pecado Original”’, a infecgdo secundaria por um sorotipo distinto
de DENV resultaria na ativacdo e expanséao de células T CD4+ e CD8+, com baixa

avidez e de reatividade cruzada para o sorotipo da infeccdo secundaria (Mentor &
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Kurane, 1997; Remy 2014). Estas células ndo realizariam o “clearance” viral, e
produziriam mediadores inflamatérios como IFN-gama que podem agir diretamente
sobre o endotélio vascular e resultar no extravasamento de plasma, caracteristico
das infec¢bes graves por DENV (Mongkolsapaya et al.,2003; Pang et al., 2007;
Weiskopf et al., 2013; Screaton et al., 2015).

No entanto, apesar das diferentes teorias propostas, acredita-se que a
patogénese da dengue seja multifatorial, envolvendo aspectos nutricionais e
genéticos do hospedeiro, idade, sexo, estado imunoldgico, variacdes genéticas entre
0s sorotipos e genatipos viral infectantes estariam atuando no desenvolvimento de

um quadro mais grave (Guzman & Kouri, 2002; Malavige et al., 2004).

1.6 Resposta Imune nas Infec¢gdes por Dengue

Apoés a picada do mosquito infectado, a doenca passa por um periodo de
incubacdo de 4 a 7 dias, podendo variar de 3 a 15 dias. O virus permanece
detectavel no sangue durante a fase febril aguda por até 3-5 dias, particulas viaveis
podem ser detectadas no sangue por até 5 dias apdés o inicio da doenca e
desaparecem apoOs a producdo de anticorpos especificos para o virus (Vordam &
Kuno, 1997; Kao et al., 2005; Moreli & Costa, 2013). A infeccdo em humanos por um
sorotipo confere imunidade permanente contra re-infec¢coes subsequentes pelo
mesmo sorotipo, mas apenas protecdo parcial e temporaria contra os demais
(Martinez, 2008).

A resposta imune adquirida na infeccdo por DENV consiste na producédo de
anticorpos (IgM, 1gG e IgA) especificos, principalmente, contra a proteina E
(Guzman, 2010; Peeling et al., 2010).

A resposta adaptativa na dengue pode apresentar dois padrbes, diferentes
quando ocorre uma infec¢do primaria ou uma infec¢cdo secundaria (Figura 10). Na
infecg@o primaria por qualquer sorotipo de DENV, a resposta é lenta e com baixo
titulo de anticorpos. Os anticorpos da classe IgM séo os primeiros a aparecer, e a
maior parte dos pacientes apresenta niveis de IgM que podem ser detectaveis a
partir do sexto dia ap0s o aparecimento dos sintomas, mas ainda cerca de 8% dos
pacientes apresentam IgM detectavel ja nos primeiros dias da doenca. Por volta de

duas semanas ap0s, 0s niveis de IgM atingem o pico, e se mantém detectavel
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durante 2-3 meses (Nogueira et al., 1992; Guzman, 2010). Ainda na infeccao
priméria, os anticorpos de classe IgG comecam a aparecer a partir do quinto dia
apos o primeiro sintoma, seus niveis aumentam e pode ser detectado a partir da
primeira semana de infeccdo e permanecem detectaveis por toda a vida (Innis et al.,
1989; Shu & Huang, 2004; Guzman, 2010).

J& na infeccdo secundaria, a IgM pode aparecer mais cedo, mas apresentam
titulos mais baixos do que na infeccdo primaria. O IgG aumenta rapidamente,
podendo ser detectado na fase aguda da doenca, apresentando alto nivel de reacéo
cruzada com diferentes sorotipos e outros flavivirus (Innis et al., 1989; Vaugh et al.,
1997; Guzman, 2010; Zhang et al, 2015).

A deteccao de anticorpos IgA presentes na saliva de individuos com infeccao

por DENV ja foi avaliada, entretanto ndo sdo marcadores frequentemente utilizados

no diagndstico da doenca (Andreis et al, 2016).
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Figura 10: Cinética antigeno e anticorpo nas infecgdes por DENV (Adaptado de Lima et al.,

2014).
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1.7 Diagnéstico laboratorial das infec¢gdes por dengue

Estima-se que, para cada 1 individuo sintomatico, 6 a 7 possam ser
assintomaticos (Chen, 2005). Neste cenéario, o diagnostico da doenca baseado
exclusivamente em sintomas clinicos, pode ser comprometido pela presenca destas
infeccbes assintomaticas ou subclinicas, que podem variar de 0,7% a 87%
dependendo da populacéo estudada (Ooi et al., 2006; Bhatt et al, 2013; Chatchen et
al., 2017).

Além disso, o0s sinais e sintomas as infec¢cdes por DENV podem, ainda, ser
confundidos com os de outras doencas febris acompanhadas ou ndo de exantema,
como as causadas pelo virus Epstein—Barr, virus do herpes tipo 6, parvovirus B19,
rubéola, sarampo, leptospirose (Oliveira et al., 2008; Dircio et al., 2012) e
principalmente, outras arboviroses emergentes, como febre amarela, zika e
chikungunya (Muller et al., 2017), tornando o diagnédstico laboratorial diferencial
necessario para o abordagem dos pacientes.

O diagnéstico laboratorial da dengue pode ser alcangado através do isolamento
viral, deteccdo do virus, deteccdo do antigeno viral e do &cido nucléico e pela
sorologia para pesquisa de anticorpos especificos. Atualmente, os métodos mais
utilizados para diagnostico, na maioria dos laboratorios, sdo o isolamento viral,
amplificacdo de acido nucléico e deteccdo de anticorpos especificos, cada um com
aplicabilidade associada as diferentes fases da doenca (Shu & Huang, 2004; Lima et
al., 2014; Chatchen et al., 2017; Muller et al., 2017).

A escolha do método para o diagndstico laboratorial das infecgcbes por DENV
depende da fase clinica, do momento da coleta do material biolégico, além dos
padrdes quantitativos provaveis e das vantagens e limitacdes de cada metodologia.

A pesquisa direta do virus, na fase aguda da doenca, pode ser utilizada para
identificacdo precoce, concreta e identificacdo do sorotipo infectante e, tanto o virus
e componentes virais (RNA ou antigenos) podem ser encontrados no soro, plasma,
sangue total e tecidos, durante o periodo de viremia (Shu & Huang, 2004; Kao et al.,
2005; Simmons et al., 2015; Muller et al., 2017). No final da fase aguda, a sorologia
€ 0 método de escolha para o diagndstico da infeccdo, e os testes soroldgicos para

deteccdo de anticorpos IgM e IgG, sdo os mais utilizados, por serem menos
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custosos, mais acessiveis e disponiveis (WHO, 2009; Peeling et al., 2015; Muller et
al., 2017).

1.7.1 lIsolamento viral

O isolamento viral da evidéncia direta da infeccao pelo virus e por esse motivo
€ considerado “padrdo ouro”, embora venha sendo gradualmente substituido pelo
método molecular de transcricdo reversa seguida da reagcdo em cadeia pela
polimerase (RT-PCR). Aplica-se ao diagnéstico na fase aguda da doenca, quando
0s anticorpos ainda ndo atingiram niveis detectaveis. Pode ser realizado com a
inoculacdo em camundongos ou mosquitos e em cultura de células (Shu & Huang,
2004; Nisalak, 2015; Muller et al., 2017) e a tipagem do sorotipo infectante pode ser
determinada pela técnica de imunofluorescéncia utilizando anticorpos monoclonais
especificos (lgarashi, 1978; Peeling et al., 2010).

Apesar de poder ser propagado em diversas linhagens de células, de
mosquitos ou mamiferos, o isolamento de DENV em linhagens celulares de
mosquito, sdo as mais sensiveis do que as de mamiferos (Rosen & Gubler, 1974,
Guzman, 1996). As linhagens celulares provenientes de mosquitos mais comumente
utilizadas sao a AP-61 de Ae. pseudoscutellaris, a C6/36 de Ae. albopictus e a TRA-
284 da Tx. amboinensis (lgarashi, 1978; Kuno, 1982). No entanto, atualmente, as
células C6/36 de Ae. albopictus sdo as mais utilizadas para isolamento viral rotineiro,
em virtude da facilidade de manuseio e maior disponibilidade (Shu & Huang, 2004;
Peeling et al., 2010. Muller et al., 2017).

1.7.2 Métodos moleculares para detec¢édo do virus

O diagndstico molecular é fundamental, pois também permite a identificagcao
dos sorotipos virais circulantes e deteccdo precoce de um novo Ssorotipo,
contribuindo de maneira importante para o sistema de vigilancia epidemiolégica da
doenca (Drosten et al, 2002; Jhonson et al., 2005). E um método de deteccdo mais
sensivel e mais rapido, quando comparado ao isolamento viral (Shu & Huang, 2014).

O RNA viral pode ser detectado em tecidos, sangue total ou soro de pacientes
na fase aguda da doenca e um resultado de PCR positivo € uma prova definitiva da

infeccdo atual. Atualmente, os ensaios possuem sensibilidade de 80 a 90% e
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especificidade em torno de 95%, e tém sido satisfatorios para o diagnostico das
infeccoes por DENV (CDC, 2017; Muller et al., 2017).

O protocolo mais utilizado, é o descrito por Lanciotti et al. (1992) sugerido pela
OMS, que detecta os quatro sorotipos de DENV simultaneamente em um
procedimento “semi-nested”, gerando produtos amplificados com tamanhos
especificos em pares de base para cada sorotipo. Em uma primeira etapa, sdo
utilizados oligonucleotideos iniciadores consensuais (D1 e D2) para os quatros
sorotipos de DENV, complementares as sequéncias dos genes C e prM. No
procedimento nested, sdo utilizados iniciadores especificos TS1, TS2, TS3 e TS4
para DENV-1 a 4, respectivamente. Os produtos obtidos apds a amplificacdo por
RT-PCR séo submetidos a eletroforese, em gel de agarose, para a diferenciacéo,
pelo peso molecular, permitindo a visualizacdo, através de moléculas intercalantes
de DNA, como o brometo de etideo, revelados em luz ultravioleta (Guzman et al.,
2004; Chua et al., 2011).

No entanto, avancos no diagnéstico molecular também permitiram o
desenvolvimento RT-PCR em tempo real, realizado em uma Unica etapa, capaz de
fornecer medidas quantitativa e uma menor taxa de contaminagéo (Mackay et al.,
2002; Muller et al., 2017).

A PCR em tempo real permite que a deteccéo dos fragmentos amplificados de
forma simultanea a reacdo de amplificacdo e, o monitoramento da presenca do
amplicon em tempo real € possivel gracas a marcac¢do de sondas, iniciadores ou do
préprio produto de PCR com moléculas fluorogénicas (Mackay et al., 2002). Diversos
protocolos utilizando essa abordagem para o diagnéstico ou para a quantificacdo do
RNA de DENV ja foram descritos (Callahan et al., 2001; Drosten et al., 2002;
Johnson et al., 2005; Kong et al., 2006; Lai et al., 2007; Pok et al., 2010; Hue et al.,
2011; Waggoner et al., 2013).

1.7.3 Sorologia

O diagnéstico sorologico pode ser utilizado para detec¢ao do antigeno viral, em
fase aguda da doenca, ou de anticorpos especificos e incluem o teste de fixacdo do
complemento, western blot, ensaios de inibicdo de hemaglutinacdo (HI), teste de

neutralizacdo por reducédo de placas (PRNT) e testes imunoenzimaticos (ELISA).
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Destes, a deteccao de anticorpos (IgM e IgG) e de antigeno NS1, sdo os mais
utilizados para o diagndstico em laboratérios de rotina devido a facilidade de uso,
guando comparados as técnicas de cultura de células ou de deteccdo de RNA viral
(Shu & Huang, 2004; Kao et al., 2005; Zhang et al. 2015; Muller et al., 2017).

1.7.3.1 Teste de Inibicdo de hemaglutinacéo

O teste IH descrito por Clarke e Casals (1958) é considerado “padrdao ouro”
para a quantificacdo de anticorpos IgM e IgG anti-DENV, permitindo a
caracterizacdo do tipo de infeccdo em primaria ou secundaria. O aparecimento,
aumento ou diminuicdo de quatro vezes no titulo de anticorpos anti-DENV entre
amostras pareadas de um mesmo paciente, confirma a soroconversao soroldgica e,
portanto, a infeccdo. No entanto, esse método é trabalhoso e necessita de coletas
pareadas para uma correta interpretacdo dos resultados (Nogueira & dos Santos,
2015).

1.7.3.2 Teste de Neutralizacdo por Reducao de Placas (PRNT)

O PRNT é considerado “padrao ouro” e a ferramenta mais especifica para a
determinacdao de imunidade sorotipo especifica para DENV (Calisher et al., 1989),
sendo o teste recomendado pela OMS para os estudos de eficacia das vacinas em
desenvolvimento (Hombach & Barrett, 2008). No entanto, diante das caracteristicas
laboriosas desses testes, atualmente, na grande maioria dos casos, sua utilizacéo

esté restrita a poucos laboratérios (Chatchen, 2017).
1.7.3.3 Ensaios Imunoenzimaticos (ELISA)

A resposta imune induzida pela infeccdo por DENV depende da producéo de
imunoglobulinas (IgM, IgG e IgA), principalmente especificas para a proteina E.

Dentre os testes soroldgicos, o ELISA de captura de anticorpos da classe IgM
(MAC-ELISA), tem sido, o método eleito para o diagnostico das infecgdes por DENV
(Innis, 1989, Nogueira et al., 1993; Kao et al., 2005). O teste baseia-se na detecgao
de anticorpos IgM especificos para DENV no soro, capturados por anticorpos anti-

IgM aderidos a uma fase solida.E um método rapido, facil de ser executado e tem se
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mostrado extremamente (til, tanto para o diagnéstico individual da dengue como
para estudos epidemiolégicos (Guzman & Kouri, 2004).

O ensaio imunoenzimatico para a deteccdo de anticorpos da classe IgG (IgG-
ELISA) também pode ser utilizado para classificar o tipo de infeccdo em primaria ou
secundéria, de acordo com os titulos obtidos no teste em realcdo aos dias de
doenca, e foi desenvolvido em substituicdo ao teste de HI (Miagostovich et al, 1999).

1.7.3.3.1 Captura do antigeno NS1

A proteina NS1, esta ausente na particula viral, porém, além de produzida
associada & membrana, também é produzida na forma secretada (Young et al.,
2000; Alcon et al.,, 2002; Libraty et al.,, 2002). Baseando-se nesta caracteristica,
ensaios imunoenzimaticos para a deteccdo especifica deste antigeno foram
desenvolvidos e avaliados para a confirmacdo de casos agudos primarios e
secundarios de dengue, logo apds o inicio dos sintomas e até o novo dia de doenca
(Kumarasamy et al., 2007; Lapphra et al., 2008; Phuong et al., 2009; Lima et al.,
2010; 2014; Muller et al., 2017).

Além do formato em ELISA, testes imunocromatograficos rapidos também
foram desenvolvidos e encontram-se comercialmente disponiveis (Peeling et al.,
2010; Hunsperger et al., 2014). No Brasil, o Ministério da Saude disponibiliza testes
de NS1 ELISA para triagem das amostras para isolamento viral em unidades
sentinelas (SVS/MS, 2010).

1.8 Prevencéao e Controle

As opcdes de controle e prevencao da dengue séo ainda limitadas e continuam
sendo uma problematica em todo mundo. Baseiam-se na vigilancia epidemiolégica
para um bom planejamento e resposta, redugcéo da doenga e mudanga de conduta
para melhorar o controle do vetor. Contudo, com o crescimento populacional,
descontrole da urbanizacdo e caracteristicas particulares do vetor, os esfor¢cos para
programas comunitarios nao tém sido eficazes (Machado et al., 2009; Gubler, 2011,
Maciel-de-Freitas, 2012).

A OMS estebeleceu, entdo, uma estratégia global para controle da doenca, que

comecou a ser implementada desde 2012, para obtencdo de resultados satisfatérios
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em 2020 e que requer harmonizar a prevencdo, gestao de casos e as vigilancias
entomoldgica e epidemiolégica (WHO, 2012).

Atualmente, a estratégia mais utilizada para o controle vetorial continua sendo
o tratamento quimico com a utilizacdo de inseticidas nas casas. No entanto, devido
as desvantagens de uma manipulacdo quimica, outras estratégias tém sido
estudadas. Uma delas, € o controle biolégico com a utilizagdo de predadores
naturais ou patdogenos contra os mosquitos (McGrall & O’Neil, 2013).

Estudos mais promissores tém demonstrado o uso de Wolbachia, uma bactéria
intracelular que vive naturalmente em alguns insetos e que € transmitida da fémea
para prole, afetando a reproducdo. A Wolbachia wMelPop possui esta caracteristica
e, atualmente, tem sido utilizada em estudos de controle vetorial (Hoffmann et al.,
2011; Macgrall & O’Neil, 2013; Schmidt, 2017).

A Secretaria de Saude do RJ, adotou em 2013, o uso do peixe Poecilia
reticulata, também conhecido como barrigudinho para o controle vetorial em
criadouros, uma vez que estes evitam o desenvolvimento das larvas do mosquito, se

alimentando de matéria organica (Portal Brasil, 2016).

1.8.1 Vacinas

O desenvolvimento de uma vacina tornou-se prioritario, devido as dificuldades
para o controle do mosquito vetor e o crecente numero de casos de dengue no
mundo. Porém, a existéncia de quatro sorotipos e a falta de um modelo animal que
reproduza a doenca, tém sido fatores limitantes o desenvolvimento de uma vacina
eficaz (Beaumier et al., 2013).

Diversas abordagens para o desenvolvimento de uma vacina eficaz, estédo
sendo utilizadas, como as vacinas de virus vivo atenuado, de virus inativados,
vacinas recombinantes, quiméricas e de DNA (Clements et al., 2010; Schmitz et al.,
2011; Coller et al., 2011; Osorio et al., 2015; Kirkpatrick et al., 2015; Screaton et al.,
2016; Guy et al., 2016).

Até fevereiro de 2017, a vacina Dengvaxia® ou CYD-TDV da Sanofi Pasteur,
ja havia sido licenciada para uso em 14 paises endémicos (Costa-Rica, El Salvador,
Guatemala, Meéxico, Peru, Bolivia, Paraguai, Venezuela, Indonésia, Filipinas,

Cingapura, Tailandia, Cambodia e Brasil) e para aplicacdo em individuos entre 9 e
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45 anos. E uma vacina recombinante quimérica tetravalente atenuada, expressando
0s genes prM e E de cada um dos quatro sorotipos de DENV, inseridos no virus
vacinal de febre amarela (Guy et al., 2010).

Em estudos no Sudeste da Asia com aproximadamente 10 mil criancas de 2 a
14 anos e na América Latina, com aproximadamente 21 mil criancas de 9 a 16 anos
a eficacia, em ambos cenéarios, foi de 60% contra a doenc¢a sintomatica. Na América
Latina, a eficacia sorotipo-especifica foi de 50,3% para DENV-1, 42,3% para DENV-
2, 74% para DENV-3 e 77,7% para DENV-4. Na Asia, a eficacia global foi de 56,5%,
com seu maior impacto na prevencdo na evolugcdo de quadros mais graves e
hospitalizagdo (Dayan et al.,, 2013; Capending et al., 2014; Villar et al., 2015;
Ferguson et al., 2016; Torresi et al.,2017). No entanto, um estudo de “follow-up” com
35 mil criancas nesta mesma faixa etaria destas mesmas regides, reportou um
aumento inesperado na incidéncia de hospitalizagdes por dengue grave (Hadinegoro
et al., 2016), indicando que novas avaliacdes relacionadas a esta vacina, ainda se

fazem necessérias (Liu et al., 2016; Torresi et al., 2017).
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2 JUSTIFICATIVA

No Brasil, DENV-4 reemergiu em 2010 em Boa Vista, Roraima, 28 anos apos o
primeiro isolamento na mesma localidade (Tempordo et al., 2010). No Rio de
Janeiro, DENV-4 foi isolado em residentes em Niterdi no ano de 2011 (Nogueira &
Eppinhaus, 2011) e as atividades de monitoramento da circulacdo de DENV em
2011 e 2012 demonstram uma maior proporcao de isolamento de DENV-4 no RJ e
no pais (SVS/MS, 2013). Além disso, um estudo realizado por Nunes et al. (2012), ja
confirmou a co-circulacao de dois gendétipos distintos de DENV-4 no Brasil.

O estado do RJ tem sido de grande importancia epidemiolégica para a
introducéo e a dispersdo de DENV e, nos ultimos 30 anos, foi marcado por extensas
epidemias. A Vvigilancia virologica visa detectar e monitorar a circulagdo dos
sorotipos de DENV no estado, onde ja co-circulam DENV-1, DENV-2, DENV-3 e
DENV-4. A dispersdo de DENV no RJ e no territorio brasileiro, com o aumento nas
notificacbes de casos de dengue, dengue grave e Obitos, ressalta a importancia da
vigilancia destes agentes no pais.

A presenca dos quatro sorotipos virais durante uma epidemia em &reas
densamente populosas no Brasil € preocupante e ja foi descrita em paises asiaticos,
com consequente estabelecimento de regifes hiperendémicas (Chakravarti et al.,
2012). De fato, a deteccao dos quatro sorotipos de DENV sugere hiperendemicidade
em centros urbanos no Brasil (Villabona-Arenas et al., 2014).

Diante de wuma situacdo hiperendémica, uma mudanca no padrao
epidemioldgico € esperada e criancas menores de 16 anos irdo apresentar um maior
risco de infeccdo por DENV (Innis, 1995). No Brasil, esta mudanca na faixa etaria
pode ser explicada, em parte, pela imunidade adquirida pelos adultos aos multiplos
sorotipos do virus (Rodriguez-Barraquer et al., 2011) e, desta forma, as infec¢des
por dengue em criangas tem um potencial maior de resultar em hospitalizacbes e
Obitos (Villabona-Arenas et al., 2014) e ja foi reportada durante a emergéncia de
DENV-2 em 2007-2008 (Teixeira et al., 2008; Rodriguez-Barraquer et al., 2011).

O monitoramento de DENV através de um programa de vigilancia ativo que
considera o0s aspectos clinicos, epidemiologicos, viroldgicos e laboratoriais,
principalmente em periodos inter-epidémicos, pode permitir a deteccdo da circulacdo

viral em periodo habil para que sejam evitadas extensas epidemias (Gubler, 1989).
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Neste contexto, ficou demonstrado que o diagnéstico laboratorial possui um papel
fundamental no Sistema de Vigilancia Epidemioldgica, através do monitoramento
continuo das infeccdes.

O Laboratério de Flavivirus (LABFLA) I0OC/ FIOCRUZ, estabelecido desde 1986
como Centro de Referéncia Regional de Dengue e Febre Amarela, recebe
continuamente amostras biologicas de casos suspeitos de dengue durante periodos
epidémicos e inter-epidémicos e tem demostrado que a introducdo e emergéncia
dos sorotipos podem impactar as populacdes atingidas (Schatzmayr et al., 1986;
Nogueira et al., 1993, 2002; 2005; PAHO, 2008; SVS, 2009).

Com a introducdo do novo sorotipo, e devido a susceptibilidade dos individuos,
gerou-se no pais um risco de ocorréncia de novas epidemias causadas pelo DENV-
4. Neste contexto, estudos sobre esse sorotipo sdo de grande relevancia para uma
melhor compreensdo do impacto deste sobre a populagéo, na ocorréncia de casos
graves e fatais e na sensibilidade do diagnostico laboratorial. Estudos filogenéticos
podem revelar a origem geografica dos virus e determinantes moleculares de
viruléncia em potencial. Dado que a introducdo ou re-emergéncia de novos
sorotipos/gendtipos pode acarretar na ocorréncia de epidemias, estudos
filogenéticos e evolutivos sdo de grande relevancia para avaliar o impacto na
populacdo. Portanto, neste estudo visamos investigar os aspectos epidemiolégicos,
laboratoriais, clinicos e genéticos de DENV-4, desde a sua emergéncia a sua

endemicidade no estado do RJ.
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3 OBJETIVOS

3.1 Objetivo Geral

Descrever aspectos epidemioldgicos, laboratoriais, clinicos e virais do DENV-4,

desde a sua emergéncia a sua endemicidade no estado do Rio de Janeiro.
3.2 Objetivos Especificos

e Descrever a emergéncia de DENV-4 no RJ durante a co-circulagdo com os
demais sorotipos de DENV entre 2010 e 2012;

e Estabelecer uma estratégia para o aperfeicoamento da sensibilidade do
teste de captura de NS1 para o diagndstico precoce de DENV-4;

e Avaliar a sensibilidade do teste de captura de NS1 para o diagnéstico
precoce de DENV-4 em um estudo prospectivo realizado no RJ;

e Descrever as alteracfes clinicas e laboratoriais de casos de DENV-4 em
comparacao a casos de DENV-2 relacionadas a gravidade da doenca,

e Analisar os aspectos clinicos, epidemioldgicos e laboratoriais de casos
confirmados de DENV-4 apds a sua introducdo em area endémica do RJ;

¢ |dentificar os gendtipos de cepas de DENV-4 isoladas no RJ no periodo

estudado.
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4 RESULTADOS

Os resultados obtidos na presente tese, serdo apresentados sob a forma de

artigos cientificos publicados em revistas cientificas indexadas, conforme a seguir:

4.1 Artigo 1: Impact of the emergence and re-emergence of different dengue
viruses’ serotypes in Rio de Janeiro, Brazil, 2010 to 2012. (Publicado em Trans R
Soc Trop Med Hyg 109(4):268-74, 2015. doi: 10.1093/trstmh/trv006).

4.2 Artigo 2: A simple heat dissociation method significantly increases the ELISA
detection sensitivity of the nonstructural-1 glycoprotein in dengue type-4 virus
infected patients (Pulicado em J_Virol Methods 204:105-8, 2014. doi:
10.1016/j.jviromet.2014.02.031).

4.3 Artigo 3: Increased sensitivity of NS1 ELISA by heat dissociation in acute
dengue 4 cases (Pubicado em BMC Infect Dis 17: 204, 2017. doi:
10.1186/s12879-017-2306-2).

4.4 Artigo 4: Analysis of Clinical and Laboratory Alterations Related to Dengue
Case Severity: Comparison between Serotypes 2 and 4 in Brazil (Publicado em
Am. J. Trop. Med. Hyg, 2017. doi: 10.4269/ajtmh.16-0227).

4.5 Artigo 5: Dengue type 4 in Rio de Janeiro, Brazil: case characterization
following its introduction in an endemic region (Publicado em BMC Infectious
Diseases 17:410, 2017. doi: 10.1186/s12879-017-2488-4).
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Artigo 1: Impact of the emergence and re-emergence of different dengue
viruses serotypes in Rio de Janeiro, Brazil, 2010 to 2012.

e Objetivo especifico: Descrever a emergéncia de DENV-4 no RJ durante a

co-circulacdo com os demais sorotipos de DENV entre 2010 e 2012.

Situacdo do Manuscrito: Artigo publicado na revista Transactions of the Royal

Society of Tropical Medicine and Hygiene.
Classificacdo Qualis: Area de Medicina Il - B1.

Referéncia: Manoela Heringer, Rita Maria R. Nogueira, Ana Maria B. de Filippis,

Monique R. Q. Lima, Nieli R. C. Faria, Priscila C. G. Nunes, Fernanda B. Nogueira e

Flavia B. dos Santos.

Resumo: O estado do Rio de Janeiro (RJ) tem sido de grande importancia para a
epidemiologia dos virus dengue (DENV) no Brasil. Apods as introducdes de DENV 1-
4 em 1986, 1990, 2000 e 2011, respectivamente, o estado sofreu epidemias
explosivas. Pretendemos descrever os aspectos laboratoriais, epidemiolégicos e
clinicos, durante a emergéncia e re-emergéncia de distintos sorotipos de DENV em
um periodo de 2 anos. Neste estudo, casos suspeitos de dengue (n = 2833),
incluindo 190 casos fatais, foram submetidos ao isolamento viral, RT-PCR e ELISA
de captura de antigeno NS1, captura de anticorpos IgM (MAC) -ELISA e IgG-ELISA.
A confirmacao de caso foi de 47,5%. O MAC-ELISA confirmou 32,6% dos casos, a
RT-PCR confirmou 56,3%, DENV foi recuperado em 33,1% das amostras inoculadas
e NS1 ELISA confirmou 27,5% dos casos. DENV-2 prevaleceu em 2010, DENV-1
em 2011 e DENV-4 em 2012, ap0s sua introducdo em 2011. Individuos infectados
por DENV-3 e maiores de 65 anos e criancas menores de 15 anos e infectadas por
DENV-2, tiveram significativamente, um maior risco de desenvolver uma doenca
grave. Os casos fatais confirmados (n = 67) foram devidos a DENV-1 (26,8%),
DENV-2 (14,9%), DENV-3 (2,9%) e DENV-4 (7,4%). Nosso estudo demonstrou que,
as emergéncias ou re-emergéncias de sorotipos virais distintos, podem
desempenhar papéis diferentes na epidemiologia da doenca, especialmente quando

muitos sorotipos co-circulam.
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Background: Rio de Janeiro (RJ) has been of major importance for the epidemiology of dengue viruses (DENVSs) 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 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 in the dis-
ease epidemiology, especially when many serotypes co-circulate.

Keywords: Brazil, Dengue, Fatal cases, Laboratorial diagnosis, Surveillance

Introduction

Dengue viruses (DENV 1-4) belong to the family Flaviviridae 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 Vista, Roraima.* In 1986, dengue became a
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
Iguacuy, RJ and the emergence of this new serotype caused 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
were reported 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.%2
In July 2010, DENV-4 was isolated in Roraima,*® 28 years after
its first detection in that same state and soon this serotype spread
to other states, including RJ.?* Despite the epidemic caused by
DENV-1, DENV-4 could be isolated during the disease surveillance
supported by the laboratorial diagnosis performed.

Dengue has become 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
and environmental factors. Since the establishment of dengue
activity in Brazil, the laboratorial diagnosis has proven to be
imperative for disease surveillance and in many occasions playing
a role as an early warning tool. The existence of an ongoing pro-
gram of virological surveillance aims to detect and monitor the
activity of DENV serotypes in the state, where the four serotypes
co-circulate.

This study aimed to evaluate the epidemiological, laboratorial
and clinical impact of the emergence and re-emergence of dif-
ferent DENV serotypes in the state of RJ, from suspected dengue
cases received by the Laboratory of Flavivirus-Regional Reference

© The Author 2015. Published by Oxford University Press on behalf of Royal Society of Tropical Medicine and Hygiene. All rights reserved.
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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 Surveillance Program per-
formed by the Laboratory of Flavivirus, IOC/FIOCRUZ, Regional
Reference Laboratory for the Brazilian Ministry of Health, located
in RJ. Acute serum samples (up to the 7th day after the onset of
the symptoms) stored at -70°C were submitted to virus isolation,
RT-PCR and NS1 antigen capture ELISA. Convalescent samples
(more than 7 days after the onset of the symptoms) stored at
-20°C were tested by MAC-ELISA and IgG-ELISA.

Dengue cases classification

Dengue cases were classified as dengue (cases with or without
warning signs) and severe dengue, according to the WHO classifi-
cation,® with modifications due to the lack of information in
some cases. The clinical manifestations described in the epi-
demiological records from each patient were analyzed and posi-
tive dengue cases presenting fever with one or more of the
following symptoms: hemorrhagic manifestations, central ner-
vous system involvement, shock and transaminases alterations,
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 Capture ELISA (E-DENO1M)
was used for the qualitative detection of anti-DENV IgM anti-
bodies in serum for case confirmation according to the manufac-
turer’s instructions.

1gG antibody detection ELISA (IgG-ELISA): The IgG-ELISA pre-
viously described was performed for the characterization of den-
gue 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
Platelia™ Dengue NS1 Ag-ELISA kit (Biorad Laboratories, Marnes-
La-Coquette, France) was used according to the manufacturer’s
protocol.

Molecular Methods

Viral RNA extraction: Viral RNA was extracted from sera using
QIAamp Viral RNA Mini kit (Qiagen, Hilden, Germany) following
the manufacturer’s instructions and stored at -70 C for DENV
typing.

RT-PCR for detecting and typing DENV was performed as
described previously.®

Statistical analysis: The x* and/or Fisher exact tests were used
to assess the significance by using Epi Info 7.0.9.34 (CDC, Atlanta,
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 Niteroi,
followed by Campos dos Goytacazes located in the north region of
the state.

Dengue was confirmed in 47.5% (1323/2833) of the cases
analyzed considering any method used for diagnosis. 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 April of that same year, the first DENV-4
isolations were reported in the state, from cases occurring in
the city of Niteroi, 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-circulation 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 also reported in
the age 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 observed in 2010, and
in 2011 in the age group over 55 years (Figure 2).

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

During the study, the fatal 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, fatal cases were more frequently observed in children
15 years and under in 2010 and 2011 (Table 4). Immune response
characterization was possible in 67.1% (45/67) fatal 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
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Figure 1. Monthly distribution of dengue viruses serotypes detected by viral isolation and/or RT-PCR in the State of Rio de Janeiro, Brazil, from 2010

to 2012.

Table 1. Age distribution of dengue suspected cases analyzed and confirmed by any methodology used in the laboratory, Rio de Janeiro, Brazil,

2010-2012
2010 2011 2012
Positive cases/Total analyzed (%)
Age group (years)
0-5 6/24 (25) 29/87 (33.3) 21/58 (36.2)
6-10 10/30 (33.3) 53/84 (63.9) 30/55 (54.5)
10-15 15/32 (26.8) 49/76 (64.4) 69/117 (58.9)
16-20 13/33 (39.3) 49/105 (46.6) 51/98 (52.0)
21-25 18/35 (51.4) 53/111 (47.7) 58/122 (47.5)
26-30 11/32 (34.3) 46/104 (44.2) 57/121 (47.1)
31-35 13/39 (33.3) 37/87 (42.5) 46/107 (42.9)
36-40 11/27 (40.7) 25/81 (30.8) 59/110 (53.6)
41-45 10/33 (60.6) 35/79 (44.3) 44/90 (48.8)
46-50 26/36 (55.5) 35/66 (53.0) 44/87 (50.5)
51-55 15/31 (48.3) 34/65 (52.3) 31/60 (51.6)
56-60 8/21 (38.0) 14/35 (40.0) 32/57 (56.1)
61-65 8/18 (44.4) 13/26 (50.0) 18/37 (48.6)
>65 6/21 (28.5) 10/24 (41.6) 27152 (51.9)
Total 1741412 (42.2) 482/1030 (46.7) 587/1111 (52.8)

from primary infections and six from secondary ones. In nine fatal
DENV-2 cases, three were characterized as the primary infection
and six as secondary. Fatal cases of DENV-3 and DENV-4 (one
each) were due to secondary infections. In 19 cases (42.2%),
the infecting serotype identification was not possible, but the
immune response was characterized as secondary infection in
13 of those.

Discussion

The Laboratory of Flavivirus at the Oswaldo Cruz Institute, as a
Regional Reference Laboratory for Dengue Diagnosis for the
Brazilian Ministry of Health, has supported the dengue surveil-
lance program in the state of RJ, since the first dengue case con-
firmation in April 1986, when DENV-1 was first isolated during an
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Figure 2. Yearly distribution of dengue and severe dengue cases by age group and year of occurrence, Rio de Janeiro, Brazil, 2010 to 2012.

Table 2. Analysis of factors associated to dengue cases severity in Rio de Janeiro, Brazil from 2010-2012
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Factors Dengue Severe dengue p-value OR (95% CI)
n % n %
Age group (years)
<15 261 913 25 8.7 NS 0.77 (0.47-1.26)
>15-64 839 94.2 52 5.8
>65 45 84.5 7 13.5 0.02 2.51 (0.98-6.15)
Serotype
DENV-1 339 95.0 18 50 NS 1.96 (0.87-4.50)
DENV-2 196 94.7 11 53 NS 2.07 (0.82-5.23)
DENV-3 6 75.0 2 25.0 0.02 12.3 (1.52-80.98)
DENV-4 406 97.4 13, 2.6 NS 0.77 (0.47-1.26)
Type of infection
Primary 19 79.2 5 20.8
Secondary 14 326 29 67.4 <0.001 7.87 (2.15-30.50)

NS: not significant.

outbreak of exanthematic disease in the city of Nova Iquacu.*?°
Since then, RJ has been important to the epidemiology of dengue,
with the introduction 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
most prevalent serotype and responsible for epidemics with more
than 2 million cases reported in Brazilin 2010 and 2011. However,
in RJ, 2010 was characterized by low activity compared to subse-
quent years, with 29 824 notifications. In 2011, the number of
cases increased by over 100% (76 404 cases) and in 2012, an

increase of over 200% compared to 2010, was observed with
184 123 cases reported.?! As observed in other biennia epidemics,
most cases occurred in the first months of the year, during the
warmer and rainy season.

In 2010, dengue suspected cases 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 labora-
tory and this sampling reflected the characteristics of the
epidemics.
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Table 3. Age and infecting serotype paired analysis and its association to the disease severity in cases studied in Rio de Janeiro, Brazil, 2010-2012

Age group (years)/infecting serotype Dengue Severe dengue OR (95% CI) p value
n % n %
<15
DENV-1 79 93.0 6 7.0 2.08 0.44-10.0 NS
DENV-2 32 86.5 5 13.5 4.27 0.82-24.2 0.04
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 3.8 1.05 0.52-4.33 NS
DENV-2 153 96.8 5 3.2 1.06 0.38-3.21 NS
DENV-3 S 833 2 16.7 1530 1.74-114.1 <0.01
DENV-4 306 98.0 8 2.0 NA NA NA
>65
DENV-1 12 85.7 2 143 0.38 0.03-4.32 NS
DENV-2 5 100 NA NA NA NA NA
DENV-4 15 100 NA NA NA NA NA
NA: not available; NS: not significant.
Table 4. Age and dengue infecting serotype distribution in fatal cases occurring from 2010 to 2012 in the state of Rio de Janeiro, Brazil
2010 2011 2012
Confirmed deaths/deaths analysed (%)
Age group (years)
<15 6/18 (33.3) 10/14 (71.4) 3/12 (25)
16-65 6/33 (18.1) 17/38 (44.7) 14/45 (31.1)
>65 1/5 (20.0) 3/5 (60.0) 2/20 (10.0)
Serotype Deaths with serotype identified (%)
DENV-1 3/14 (21.4) 15/33 (45.4) NI
DENV-2 6/14 (42.8) 3/33 (9.0) 1(5.0)
DENV-3 NI 1(3.0) 1(5.0)
DENV-4 NI NI 5(25.0)

NI: not identified.

The metropolitan area was responsible for most cases occur-
ring during the studied period, mainly in the municipalities of RJ
and Niteréi. This region has a high population density and high-
traffic, which partly explains the concentration of the cases
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 laboratory for dengue diagnosis.
There was a 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 and Niteroi, accompanying the increase in
notifications during the whole period in the state. In 2011, the

number of cases in the state 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, IOC/FIOCRUZ over a period of 25 years,
using any of the methods available, was 33.8%.%

Serological methods are still the most useful tool for the diag-
nosis of the disease during epidemics, as observed since its estab-
lishment in 1986 in RJ. In that 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 Macedo et al.
performed in suspected cases occurring between 2004 and
2008, the test confirmed 23% of the cases anulyzed.25
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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 soil
was characterized, the percentage 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 cases 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 percentage 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 was 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
warned 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 Niterdi resulted in the emergence of
this serotype in the state in 2012, characterized by isolation of
this serotype in 69.3% of confirmed 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
standard for diagnosis of dengue fever, the sensitivity of molecu-
lar detection of the viral genome offers a great advantage in epi-
demic periods, as shown by the results 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
adopted in LABFLA/IOC, FIOCRUZ for performing RT-PCR, which
includes the samples 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
demonstrated the usefulness of RT-PCR in confirming cases and
identifying the infecting serotype when virus isolation was not
possible 23278

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 labora-
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.>°=? In the
Laboratory at FIOCRUZ, this test was first introduced in 2007
and evaluated as an alternative diagnostic method presenting a
sensitivity of 89.6% in confirmation of DENV 1-3 cases.? In 2008,
the Brazilian Ministry of Health established the NS1 antigen cap-
ture test in sentinel 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 / IOC, 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 lack of information on
some patients’ records, the classification of cases according to
the new WHO criteria'® was not possible. In this study, hemor-
rhage, shock, increased transaminases levels and central nervous
system involvement was considered for severe case classification.
From 2010 to 2012, 6.9% of the cases confirmed were classified
as severe dengue cases and this observation is in agreement with
those reported for the state of RJ.

Our results suggested a significantly higher risk for developing
severe disease among children 15 years-old and under in 2010,
and individuals 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 associated 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 become 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 circulation of sero-
types, high rate of infestation of mosquito vectors and
environmental factors. In this scenario, it also became evident
that laboratory diagnosis 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 2: A simple heat dissociation method increases significantly the ELISA
detection sensitivity of the nonstructural-1 glycoprotein in patients infected with
DENV type-4

e Objetivo especifico: Estabelecer uma estratégia para o aperfeicoamento da
sensibilidade do teste de captura de NS1 para o diagndstico precoce de
DENV-4.

Situacao do Manuscrito: Artigo publicado na revista Journal of Virological Methods.
Classificacdo QUALIS: Area Medicina Il - B1.

Referéncia: Monique da Rocha Queiroz Lima, Rita Maria Ribeiro Nogueira, Ana
Maria Bispo de Filippis, Priscila Conrado Guerra Nunes, Carla Santos de Sousa,
Manoela Heringer da Silva e Flavia Barreto dos Santos.

Resumo: A forma secretada da glicoproteina ndo estrutural-1(NS1) do virus dengue
(DENV) tem sido proposta como sendo util ao diagnéstico das infecgbes por DENV
em amostras de soro de pacientes. Neste estudo, 471 amostras positivas para
DENV-4, de pacientes de fase aguda, foram coletadas no periodo de marco de 2011
a outubro 2012 e analisadas. Os casos primarios (n= 228) e secundarios (n= 238) de
DENV-4 foram caracterizados utilizando ELISA de captura de IgM e IgG. A
sensibilidade do teste ELISA de deteccdo da NS1 para DENV foi avaliada em
amostras de soro que nao foram pré-tratadas e que foram pré-tratadas por
dissociacao por acido e térmica, antes da andlise, a dissocia¢des acidas e térmicas
realizadas nas amostras agudas de infec¢bes primarias e secundarias de DENV-4
aumentaram significativamente a sensibilidade da deteccdo da NS1 de 54,4% para
77,2% e 82% e de 39% para 63,9% e 73,1%, respectivamente. O tratamento de
amostras de soro de pacientes infectados com DENV utilizando a dissociacéo
térmica (100°C durante 5 minutos), demonstrou ser, portanto, Utii 0 aumento na
sensibilidade do teste NS1 no diagnostico precoce de DENV-4, principalmente na

ocorréncia de infec¢des secundarias.
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The secreted form of the dengue virus (DENV) nonstructural-1 (NS1) glycoprotein has been shown to be
useful for the diagnosis of DENV infections in patients’ serum samples. In a number of studies, the sen-
sitivity of the commercially available DENV NS1 glycoprotein detection assays was higher against some
DENV serotypes (DENV-1>DENV-3 > DENV-2 = DENV-4) than others and were also lower using patients’
serum samples with secondary versus primary DENV infections. In this study, 471 DENV-4 positive acute
phase patients’ serum samples were selected from a large panel collected in Brazil from March 2011
to October 2012 by RT-PCR and/or virus isolation followed by serotype determination. The sera from
primary (n=228) and secondary (n=238) DENV-4 infections were identified using IgM and IgG capture
ELISAs. The sensitivity of a commercial DENV NS1 glycoprotein detection ELISA was then assessed when
these serum samples were not pre-treated or pre-treated by acid or heat dissociation prior to being tested.
Acid and heat dissociation of patients’ serum samples with primary and secondary DENV-4 infections
increased significantly the sensitivity of the DENV NS1 glycoprotein detection ELISA from 54.4% to 77.2%
(p<0.05) and 82% (p<0.05) and from 39.1% to 63.9% (p<0.05) and 73.1% (p <0.05), respectively. Treat-
ment of DENV infected patients’' serum samples using simple and rapid heat dissociation step (100 “C for
5 min) was, therefore, shown to be very useful for increasing the sensitivity of the DENV NS1 glycoprotein
detection ELISA using serum samples from either primary or secondary DENV infected patients.

© 2014 Elsevier B.V. All rights reserved.

Dengue fever (DF) is a mosquito-borne viral disease of public
health significance, caused by one of four dengue virus serotypes
(DENV-1 to DENV-4) and mainly transmitted by Aedes aegypti
mosquitoes. Hyper-endemic DENV transmission of one or more
serotypes occurs in most countries of the Americas (WHO, 2013).
In Brazil, dengue became a public health problem after the intro-
duction of DENV-1 in 1986. In July of 2010, DENV-4 was isolated
in Roraima, 28 years after its first detection in that same State and
soon this serotype spread other States of the country (Nogueira and
Eppinghaus, 2011).

* Corresponding author at: Flavivirus Laboratory, Oswaldo Cruz Insti-
tute/FIOCRUZ, Av Brasil, 4365, Manguinhos, Rio de Janeiro, R] 21045-360, Brazil.
Tel.: +55 21 2562 1920; fax: +55 21 2562 1779.

E-mail address: flaviab@ioc.fiocruz.br (F.B.d. Santos).

http://dx.doi.org/10.1016/j.jviromet.2014.02.031
0166-0934/© 2014 Elsevier B.V. All rights reserved.

The DENV nonstructural-1 (NS1) glycoprotein, exists as
membrane-associated protein and secreted form and was demon-
strated to circulate in the acute phase of the disease by antigen
capture ELISAs, up to the ninth day after the onset of the symptoms
of primary and secondary infections (Alcon et al., 2002). The diag-
nostic sensitivity of the DENV NS1 glycoprotein detection ELISA
could exceed 90% for serum samples from patients with primary
DENV infections, and its circulation persisted for several days after
the fever subsided (Chaterji et al., 2011; Dussart et al., 2008; Tricou
etal,2011). However, using serum samples from patients with sec-
ondary DENV infections, the DENV NS1 glycoprotein antigenaemia
was shown to be shorter and the detection sensitivity using this
ELISA was lower (60-80%) (Guzman et al., 2010). The anamnes-
tic IgG responses generated against this glycoprotein during the
primary DENV infection were hypothesized to account for these
findings, since the formation of circulating immune complexes
(CICs) which contained IgG-DENV NS1 glycoprotein would reduce

Manoela Heringer | 45



106 M.d.R.Q. Lima et al. / Journal of Virological Methods 204 (2014) 105-108

the ELISA detection by both masking epitopes and increasing clear-
ance of this antigen.

In 2008, an evaluation of three commercial DENV NS1 glycopro-
tein detection assays using DENV-1, DENV-2 or DENV-3 infected
patients’ serum samples was performed in Brazil (Lima et al.,
2010). Since DENV-4 subsequently re-emerged in 2010 (Nogueira
and Eppinghaus, 2011), these assays were not tested on patients’
serum samples infected with this serotype. Therefore aimed to
evaluate the sensitivity and specificity of a commercial DENV
NS1glycoprotein detection assay using primary and secondary
DENV-4 infected patients’ serum samples and whether CIC dis-
sociation methods could increase the DENV-4 NS1 glycoprotein
sensitivity of this assay.

This study was performed as part of an on-going project
approved by resolution number CSN196/96 from the Oswaldo Cruz
Foundation Ethical Committee in Research (CEP 274/05), Brazil-
ian Ministry of Health, after the introduction of DENV-4 into the
state of Rio de Janeiro. The DENV infected patients’ serum samples
(n=471), used for this study, were collected from day 1 to 7 after the
onset of fever from March 2011 to October 2012. DENV-4 infections
were confirmed by virus isolation using C6/36 cell culture and sub-
sequent DENV serotype determination using indirect fluorescent
antibody test (IFAT) with serotype-specific monoclonal antibod-
ies (Gubler et al., 1984) and/or RT-PCR (Lanciotti et al., 1992). The
Panbio dengue IgM Capture ELISA (Panbio Diagnostics, Queensland,
Australia) was used for the qualitative detection of anti-DENV IgM
antibodies in serum for case confirmation. The IgG-ELISA previously
described (Miagostovich et al., 1999) was performed for the char-
acterization of dengue immune response. The Platelia Dengue NS1
Ag-ELISA (BioRad Laboratories, Marnes-la-Coquette, France) was
used for NS1 antigen capture according to the instructions by the
manufacturer. In an effort to improve the Platelia Dengue NS1 Ag-
ELISA test sensitivity, two antigen-antibody complex dissociation
protocols were tested using the serum samples collected from the
DENV-4 confirmed DF cases using virus isolation and/or RT-PCR, but
which were negative using the DENV NS1 glycoprotein-detection
ELISA (n=250).

The acid dissociation method was performed as described pre-
viously (Koraka et al., 2003). Briefly, 50 wL of serum was added
to 50 L of dissociation buffer (1.5M glycine/hydrochloric acid,
pH 2.8) and incubated at 37°C for 1h. The dissociation reaction
was stopped by the addition of 50 p.L of neutralizing buffer (1.5M
Tris/hydrochloric acid, pH 9.7). The heat-mediated dissociation
method was performed as described previously (Schiipbach et al.,
1996). Briefly, 50 pL of serum was added to 100 L of RNA/DNAse
free water (Invitrogen, Carlsbad, USA) and heated in a boiling water
bath for five minutes. DENV-4 positive patients’ acute phase serum
samples were subjected to immune-complex dissociation to assess
whether these treatments could increase the sensitivity of the
DENV NS1 glycoprotein detection ELISA. The derived data was eval-
uated by chi-square test using the Epi Info 7.0.9.34 (Center for
Disease Control and Prevention, Atlanta).

A total of 2468 samples from suspected DF cases were obtained
during the collection period, of which 47.6% (1174/2468) were con-
firmed to be infected with DENV. DENV-4 was identified as the
infecting serotype in 40.1% (471/1174) of these positive cases. The
overall DENV-4 NS1 glycoprotein detection sensitivity using the
commercial ELISA was 46.9% (221/471). The sensitivity of DENV
NS1 glycoprotein detection was therefore lower than that reported
for the DENV-4 serotype (89.6%) using patients serum samples
collected in French Guiana (Dussart et al., 2006)or from a multi-
country study (67-91%) (Guzman et al., 2010).

Higher DENV confirmation rates were observed when the
results from the DENV NS1 glycoprotein detection ELISA were
combined with those obtained by either the MAC-ELISA (51.4%,
p=0.192), DENV isolation (67.1%, p<0.05) or the RT-PCR (99.6%,
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Fig. 1. Sensitivities of the different DENV detection assays used to identify the 466
DENV-4 infected patients using their serum samples collected from day 0 to 6 after
the onset of fever.

p<0.05) (data not shown). The DENV NS1 glycoprotein detection
ELISA showed a progressively increased sensitivity using patients
serum samples collected from day 0 (51.6%) to day 3 (68%, peak
sensitivity) before it gradually declined to 38.2% using patients’
serum samples collected on day 7 after the onset of fever (Fig. 1).
By contrast, the ability to isolate DENV-4 progressively decreased
from 77% to 24.1% using patients’ serum samples collected from
day O to day 7 after the onset of fever, while RT-PCR detection
which was mainly used to select these DENV-4 infected patients’
samples was, as expected, only reduced slightly from 100% to 94%
over this same period. The sensitivity of the MAC-ELISA showed
a gradual increase using patients serum samples collected on day
0 (28.3%) to day 7 (42.3%), with 50% of these patients being pos-
itive on day 3 after the onset of fever. From the 471 DENV-4
confirmed patients’ serum samples, 48.9% (228/466) were classi-
fied as primary DENV infections, 51.1% (238/466) were classified
as secondary DENV infections, while the samples from 5 other
patients could not be classified (Table 1). DENV-4 NS1 glycoprotein-
positive results were obtained using the ELISA in 54.4% (124/228)
and 39.1% (93/238) of the serum samples from primary and sec-
ondary DENV infections, respectively and therefore the sensitivity
was higher for samples from primary infections (p=0.001). Previ-
ously, higher DENV NS1 glycoprotein detection sensitivities were
observed in both primary and secondary DENV patients’ serum
samples collected in a country where severe DENV infections were
rare (Netherlands Antilles) compared to those collected from DENV
infected patients in a country (Indonesia) where severe DENV infec-
tions (DHF/DSS) were common (Koraka et al., 2003). The DENV NS1
glycoprotein dot-blot detection assay had higher sensitivities using
primary rather than secondary DENV infections in both patient
cohorts (Korakaetal., 2003)as was also found using the PlateliaNS1
glycoprotein detection ELISA with DENV infected patients’ serum
samples from another DHF/DSS-endemic area (Cambodia) (Duong
et al,, 2011). These results may be explained by the presence of
Ab-DENV NS1 glycoprotein complexes in the serum samples from
patients with secondary DENV infections. By contrast, the higher
DENV NS1 glycoprotein sensitivities obtained using serum sam-
ples from Thai patients with secondary versus primary DENV-2
infections using another ELISA could be accounted for by the higher
viraemia identified in these patients (Libraty et al., 2002).
Interestingly, acid treatment/neutralization steps performed on
DENV infected patients’ serum samples collected in Indonesia
dramatically increased the DENV NS1 glycoprotein detection
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Table 1

DENV-4 NS1 glycoprotein ELISA detection sensitivities against 466 patients' serum samples with primary or secondary dengue infections.

DENV-4 NS1 glycoprotein ELISA detection

Primary (n=228)

Secondary (n=238)

NS1 non-dissociated NS1 dissociated Pvalue
54.4% (124/228) Acid 77.2% (176/228) <0.05
Heat 82.0% (187/228) <0.05

sensitivities of a dot-blot assay using samples from both primary
and secondary infection from 64% to 91% and from 22% to 93%
respectively (Koraka et al., 2003). In a subsequent study using
patients’ serum samples collected in Thailand, the sensitivity of the
Platelia DENV NS1 glycoprotein detection ELISA was increased from
63.2% to 72% when the DENV infected patients’ serum samples were
subjected to the same acid treatment/neutralization steps (Lapphra
et al,, 2008). Moreover, acid treatment/neutralization steps per-
formed on HIV-1 infected patients’ serum samples was previously
shown to increased dramatically the sensitivity of a HIV-1 p24 pro-
tein detection ELISA, but which could be further increased to higher
than HIV-1 RNA detection after a simple heat denaturation step,
performed to disrupt these patients’ [gG-p24 protein immune com-
plexes (Schiipbach et al., 1996). Since a higher anti-DENV E/prM
glycoprotein IgG titres in patients’ serum samples that tested neg-
ative for the DENV-4 NS1 glycoprotein was observed (data not
shown), these samples were further tested to analyze whether
either the acid/neutralization steps or the heat treatment steps
could increase the NS1 glycoprotein detection sensitivity.

In this study, the sensitivity of the DENV NS1 glycoprotein
detection ELISA was increased from 54.4% (124/228) to 77.2%
(176/228), p<0.05, after the patients’ serum samples from pri-
mary DENV-4 infections were subjected to the acid dissociation
and 82% (187/228), p<0.05, after they had undergone heat disso-
ciation (Table 1). As expected, the sensitivity of detection ELISA
using patients’ serum samples from secondary DENV-4 infec-
tions was also increased from 39.1% (93/238) to 63.9% (152/238),
p<0.05, after acid dissociation and to 73.1% (174/238), p<0.05,
after heat dissociation. Thus, there was a statistically signif-
icant difference between these sensitivities for samples from
primary versus secondary DENV-4 patients when they were
either non-dissociated (p=0.001), acid dissociated (p=0.002) or
heat dissociated (p=0.002). The overall ELISA sensitivities, using
the combined results for samples from primary and secondary
DENV-4 infected patients, were increased significantly from 46.6%
(217/466) to 70.4% (328/466) and 77.5% (361/466), (p=0.017) after
acid dissociation and heat dissociation, respectively.

In this study, it has been shown further evidence thatacid or heat
dissociation methods, as previously used for the increased ELISA
detection of the HIV-1 p24 protein (Schiipbach et al., 1996), could
both significantly increase the sensitivity of a commercial ELISA for
the detection of a soluble antigen of another virus (DENV-4 NS1
glycoprotein) and that heat dissociation was a superior method to
acid dissociation. This was the first report to test the heat dissocia-
tion for the increased detection of the DENV NS1 glycoprotein and
it has shown to be an ideal method since it can be more rapidly per-
formed than the acid dissociation method. The absorbance values
obtained using the DENV NS1 glycoprotein detection ELISA for each
of the 250 DENV-4 NS1-negative patients’ serum samples untreated
(non-dissociated), acid or heat dissociated are shown on Fig. 2.

Interestingly, although to a significantly lower level than for
patients’ serum samples from secondary DENV infections, both the
acid and heat dissociation methods also increased the sensitiv-
ity of the DENV-4 NS1 glycoprotein detection using samples from
patients with primary DENV-4 infections (Table 1). These results
are therefore unlikely to be accounted for by the disruption of the

NS1 non-dissociated NS1 dissociated Pvalue
39.0% (93/238) Acid 63.9% (152/238) <0.05
Heat 73.1% (174/238) <0.05
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Fig. 2. Absorbance values obtained using the DENV NS1 glycoprotein detection
ELISA for each of the 250 DENV-4 NS1-negative patients’ serum samples untreated
(non-dissociated), acid or heat dissociated. The negative (<0.5) and positive (>1.0)
cut-off values determined at a wavelength of 450 nm are shown.

patients’ antibody-DENV-4 NS1 glycoprotein complexes, since the
DENV NS1 glycoprotein is not an immuno-dominant DENV protein
during primary DENV infections (Shu et al., 2003). Since both acid
treatment and heat treatment are known to dissociate the native
hexameric form of the DENV NS1 glycoprotein (Falconar and Young,
1990), these findings may be due to an increased ELISA detection
sensitivity for the monomeric forms of the DENV-4 NS1 glycopro-
tein.

In this study, the usefulness of qualitative result of NS1 antigen
detection assay in early recognition of dengue infection particularly
in combination with others tests has been demonstrated. The evalu-
ation of the Platelia NS1 Ag assay exhibited a quite low sensitivity in
diagnosing DENV-4 cases. Therefore, the NS1 antigen results should
be interpreted with caution when used alone due to the false neg-
ative results and high clinical awareness and close follow-up are
still needed in patients with acute febrile illness in dengue endemic
area. Based on the results obtained, that it is suggested the addition
of a heat dissociation step on sera prior to the performance of the
NS1 assay to improve the test sensitivity on endemic areas where
secondary infections are more reported frequently.
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Resumo: A dengue é uma doenca febril aguda considerada a principal arbovirose
em termos de morbidade, mortalidade, impacto econémico e disseminacdo em todo
o mundo. O Brasil responde pela maior taxa de notificacdo, com a circulagédo dos
quatro sorotipos de dengue. O antigeno NS1 é uma glicoproteina soltvel especifica
altamente conservada de dengue, essencial para replicacdo viral e viabilidade, que
pode ser detectada de 0 a 18 dias apds o inicio da febre (pico dos primeiros 3 dias).
Ela induz uma forte resposta humoral e é conhecida como um antigeno de fixacdo
de complemento. A menor sensibilidade ao teste NS1 ocorre em infeccbes
secundarias de dengue provavelmente devido a formacdo do complexo imune que
prejudica a deteccdo de antigeno por ELISA. Neste estudo, comparamos a
sensibilidade do ELISA NS1 em amostras dissociadas com calor e ndo dissociadas
de 156 casos de DENV-4 aguda confirmados por RT-PCR e de 362 pacientes
recrutados prospectivamente. As infec¢des secundarias por DENV-4, representaram
83,3% dos casos. O NS1 ELISA foi positivo em 42,5% e indeterminado em 10. 2%
dos casos de DENV-4. ApoOs a dissociagdo térmica, 7 amostras negativas e 16
indeterminadas tornaram-se positivas, aumentando a sensibilidade geral do teste
para 57,7%. Embora demorado, quando comparado aos testes
imunocromatogréaficos rapidos e de requer o uso de equipamentos laboratoriais
especificos, o ELISA NS1 combinado com dissociacdo térmica pode ser uma
alternativa para o aperfeicoamento da sensibilidade na triagem de casos suspeitos

de DENV-4.
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Abstract

Background: Dengue is an acute febrile illness considered the major arboviral disease in terms of morbidity, mortality,
economic impact and dissemination worldwide. Brazil accounts for the highest notification rate, with circulation of all
four dengue serotypes. The NS1 antigen is a dengue highly conserved specific soluble glycoprotein essential for viral
replication and viability that can be detected 0 to 18 days from the onset of fever (peak first 3 days). It induces a strong
humoral response and is known as a complement-fixing antigen. Lower NS1 test sensitivity occurs in secondary
dengue infections probably due to immune complex formation impairing antigen detection by ELISA.

Methods: We compared the sensitivity of NS1 ELISA in heat dissociated and non-dissociated samples from 156 RT-PCR
confirmed acute dengue-4 cases from 362 prospectively enrolled patients.

Results: Secondary infections accounted for 83.3% of cases. NS1 ELISA was positive in 42.5% and indeterminate in 10.
2% of dengue-4 cases. After heat dissociation, 7 negative and 16 indeterminate samples turned positive, increasing the

overall test sensitivity to 57.7%.

Conclusions: Although it is time consuming and requires the use of specific laboratory equipment, NST ELISA
combined with heat dissociation could be a slightly better alternative for triage in suspected dengue cases.

Keywords: NS1 ELISA, Accuracy, Dengue diagnosis, Immune complex dissociation, DENV-4

Background

Dengue is an acute febrile illness considered the major
worldwide arboviral disease, in terms of morbidity,
mortality, economic impact and dissemination [1].
Dengue occurs in all non-polar continents [2] and is an
important public health concern in tropical and subtro-
pical regions mainly in Asia and Americas [3, 4]. Estimates
account for 390 million dengue infections per year of
which 96 million present clinical manifestations [5]. The
disease is endemic in 100 countries and approximately
40% of the world population is at risk of dengue infection
[1]. By the end of the 20" century, Brazil became the
country with the highest notification rate, accounting for
98.5% of the American continent’s reported cases and the
highest fatality rate in the sub region [1]. Since 2008, all
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four dengue serotypes (DENV-1 to DENV-4) can be found
in the country [6].

NS1 Ag is a dengue highly conserved specific soluble
glycoprotein essential for viral replication and viability
that can be detected in dengue patients from day 1 up to
18 days after fever onset [7] with peak sensitivity in the
first 3 days of fever onset [8]. It induces a strong
humoral response and is known as a complement-fixing
antigen [9].

Previous studies have evaluated the usefulness and the
accuracy NS1 tests [10—14]. According to da Costa et al.
the main factors influencing the diagnostic accuracy are
the type of infection (primary versus secondary), viral
serotype, geographical origins of samples, and the timing
of sample collection [12].

Low NS1 test sensitivity in secondary dengue infections
may be attributed to high levels of IgG in anamnestic
response with immune complex formation impairing anti-
gen detection by ELISA [9, 15]. Some studies have also
noticed lower NS1 sensitivity in DENV-4 compared to

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http:/creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(httpv//creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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other serotypes, in both primary and secondary dengue
[12, 13]. Furthermore, immune complex dissociation tech-
niques have proven to be important for the early diagnosis
of HIV infections and most recently DENV [9, 16]. A
study conducted in Rio de Janeiro with DENV-4 cases an-
alyzed acid treatment/neutralization and heat dissociation,
with a better performance for the latter [9]. In the present
study, we compared the sensitivity of NS1 ELISA in heat
dissociated and non-dissociated samples from acute
DENV-4 patients.

Methods

This study is part of a prospective cross-sectional
pragmatic diagnostic study of clinical and diagnostic
algorithms for dengue diagnosis conducted at Rio de
Janeiro, Brazil during the 2013 dengue epidemic
season (March and April). We used the Standards for
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Guideline [17]. Eligible adult patients who presented
to a public outpatient unit (Unidade de Pronto
Atendimento-UPA 24H) within 72 h of a febrile
illness without an evident source of infection were
interviewed and examined by the investigators. At the
time the study was carried out there were no
evidences that other Flaviviruses, such as Zika were
circulating in Rio de Janeiro [18].

Blood samples were collected and sera stored at
-70 °C until the tests. The index test (Platelia” Den-
gue NS1 Ag-ELISA), specific IgG and confirmatory
RT-PCR were all performed at the Flavivirus Regional
Reference Laboratory, IOC, FIOCRUZ.

The Platelia” Dengue NS1 Ag-ELISA (Bio-Rad Labora-
tories, Marnes-La-Coquette, France) was performed in
all samples according to the manufacturer’s instructions
and described elsewhere, briefly the test is based on a
sandwich

-

Reporting of Diagnostic Accuracy Study (STARD) one-step format  microplate  enzyme
Recruited = 372
Excluded

Enrolled = 362

6 sick for more than 3 days
4 other serotypes

| DENVa=156 43%) |

/N

Primary dengue = 26 (16.7%)

Secondary dengue = 130 (83.3%)

Platelia
NS1

Positive = 67 (42.7%) | | Negative = 73 (47.0%)

| Undetermined = 16 (10.3%)

Heat
dissociated
Platelia NS1

[ Positive = 90 (57.7%) |

Fig. 1 STARD [17] diagram DENV-4 patients in Rio de Janeiro, 2013

Negative = 66 (42.3%)
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Table 1 DENV-4 NS1 performance according to type of
infection and method, Rio de Janeiro, 2013

Platelia™ Results Type of infection Total
SGTE?_TSGANQ Primary  Secondary =156
9 N=26  N=130
Non-dissociated Positive 17 50 67
(65.4%) (38.4%) (43.0%)
Negative 4 69 73,
(15.3%) (53.3%) (46.8%)
Indeterminate 5 1 16
(19.2%) (8.3%) (10.2%)
Heat dissociated Positive 22 68 90
(84.6%) (52.3%) (57.7%)
Negative 4 62 65
(15.4%) (47.7%) (42.3%)

immunoassay to detect DENV NS1 antigen in human
serum [10].

The same samples were further submitted to the
heat dissociation method when 50 pL of the serum
was added to 100 pL of RNA/DNAse free water and
heated in a boiling water bath for five minutes, as de-
scribed previously [9].

We defined as secondary cases those patients who
presented positive IgG results within 72 h onset of
disease [19]. The Dengue Virus IgG DxSelect ELISA
(Focus Diagnostics, California, USA) was performed
according to the manufacturer’s instructions in all
samples to diagnose secondary dengue cases.

The viral RNA detection by RT-PCR was performed ac-
cording to the technique described elsewhere [20]. Labora-
tory personnel were blinded to other laboratory data such as
Platelia” Dengue NS1 Ag-ELISA, IgG and RT-PCR when
executing a specific test. DENV infections by other serotypes
were excluded. Exploratory analysis was performed using
SPSS® v 17.0 (SPSS Inc., Chicago, Illinois). The MedCalc®
14.8.1 program was used to calculate 95% confidence inter-
vals (CI) for the Platelia” Dengue NS1 Ag-ELISA sensitivity.
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Results

A total of 372 ambulatory patients were enrolled, with
10 exclusions (six presenting symptoms for more than
3 days and four due to infections to other DENV
serotypes. The remaining 362 patients had their clinical
profile previously described [21]. Briefly, 55.6% were
female, the median age was 33 years old (ranging from
18 to 83) and the median time from the onset of illness
was two days.

The RT-PCR identified DENV-4 in 42.8% (156/362) of
the cases. From those, 16.7% (26/156) were classified as
primary infection cases and 83.3% (129/156), as second-
ary ones, Fig. 1.

The NS1 ELISA performance as described by the man-
ufacturer’s protocol in the 156 DENV-4 cases resulted in
43.0% (67/156) of positive cases, 46.8% (73/156) negative
and 10.2% (16/156) indeterminate (Table 1). After the
heat dissociation process, all 67 DENV-4 positive cases
remained positive; 7 negative all 16 indeterminate cases
became positive, as also described by Lima et al [9].
These results could jeopardize the theory of IgG im-
mune complex formation; however the increase in sensi-
tivity in those cases might occur due to an increased
detection of monomeric NS1 forms [22].

Discussion

In our study, the overall sensitivity of the NSI1 test in
DENV-4 cases was 47.8%, quite similar to the 46.6% ob-
tained by Lima [9], but lower than the 58% sensitivity
obtained in da Costa’s meta-analysis [12], Table 2. This
low overall sensitivity may be caused by the South
American virus polymorphism lower overall viremia and
lower NS1 secretion [12, 13]. The differences in the sen-
sitivities in primary and secondary infections in our case
before heat dissociation 80.9% vs 42.0% were also found
in da Costa’s meta-analysis (94.6% vs 66%) [12]. Even at-
tenuating the influence of secondary infections by heat
dissociation, the sensitivities obtained were still low.

Table 2 Sensitivity of Platelia™ Dengue NS1 Ag-ELISA in acute DENV-4, Rio de Janeiro, 2013

Platelia™ Dengue NS1 Ag-ELISA Sensitivity p-value
(95% CI)
Overall sensitivity Non-dissociated 478 p <0.001
(393 - 564)
Heat dissociated 57.7
(495 - 65.5)
Type of infection Primary Non-dissociated 809 p <0.001
(58.1 — 94.6)
Heat dissociated 846
(65.1 = 95.6)
Secondary Non-dissociated 420 p <0.001
(330-514)
Heat dissociated 523
(433-61.1)
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We demonstrated significant sensitivity increases after
dissociation in both types of DENV-4 infections in
agreement with other studies that used unspecific
dengue serotype acid dissociated NS1 samples [15, 23].

This study has advantages since it was prospectively
executed, the samples were clinically and laboratorially
well characterized, and collected during a single out-
break in one outpatient unit increasing the chance of
genotypic similarity, quite different from the previous
study which was carried out during a 17 month period
when genotypic heterogeneity is possible [9]. We were
able to demonstrate the advantages of incorporating heat
dissociation to the Platelia” Dengue NS1 Ag-ELISA kit
in order to increase its sensitivity, mostly in settings
where circulating DENV-4 can be an issue. The study
limitation was the lack of heterogeneity of viral strains
that impairs the generalization of the results in other
epidemic settings.

Conclusions

Although time expending and the requirement of spe-
cific laboratory equipment the NS1 ELISA combined to
heat dissociation could be a slightly better alternative for
accurate dengue diagnosis.
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Artigo 4: Analysis of Clinical and Laboratory Alterations Related to Dengue Case
Severity: Comparison Between Serotypes 2 and 4 in Brazil

« Objetivo Especifico: Descrever as alteracdes clinicas e laboratoriais de
casos de DENV-4 em comparacdo a casos de DENV-2 relacionadas a
gravidade da doenca.

Situacdo do Manuscrito: Artigo publicado na revista J Virological Methods.
Qualificacdo QUALIS: Area de Medicina Il - B1

Referéncia: Nieli Rodrigues da Costa Faria, Victor Edgar Fiestas Solorzano, Luiz
José de Souza, 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, Manoela

Heringer, Elzinandes Leal de Azeredo e Flavia Barreto dos Santos.

Resumo: O aumento dos casos graves de dengue causou grande impacto na saude
publica e tem preocupado as autoridades dos paises onde a doenca € endémica e
as epidemias atingem altas proporc¢des. O reconhecimento dos sinais de progressao
desta doenca grave durante a fase febril inicial pode ser dificil, uma vez que os
sintomas sdo frequentemente indistinguiveis de outras doencas febris. O objetivo
deste estudo foi avaliar as manifestacfes clinicas e os achados laboratoriais em
pacientes de dois surtos de dengue, um causado, prevalentemente por DENV-2 e
um por DENV-4, e sua associacdo com a gravidade da doenca. O estudo foi
realizado em pacientes (n = 153) com sinais e sintomas consistentes com a dengue,
durante, 2010 e 2013, na cidade de Campos dos Goytacazes, no Rio de Janeiro,
Brasil. De acordo com os critérios da Organizacdo Mundial da Saude de 2009, os
pacientes foram classificados como dengue sem sinais de alerta ([DsSA] 60,6%,
57/94), dengue com sinais de alerta ([DcSA] 30,9%, 29/94) e DG (4,25% 4/94).
Pacientes com DcSA / DG apresentaram menor contagem de plaquetas e leucdcitos
e maiores niveis de transaminases quando comparados aos DsSA. Curiosamente,
0s pacientes da epidemia de 2010 causados por DENV-2 apresentaram menor
contagem de plaquetas do que pacientes da epidemia de 2013 causada por DENV-
4. Além disso, extravasamento plasmatico, sangramento gastrointestinal e derrame

pleural, caracteristicas para uma doenca mais grave, também foram observados
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mais frequentemente nesses casos. Embora estudos anteriores tenham relatado
amplamente a ampla gama de aspectos clinicos da dengue, a caracterizagdo de
DENV-4 é desejavel, considerando o custo da doenca durante as epidemias,
especialmente para as unidades de saude e os hospitais que realizam a abordagem

do paciente.
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Analysis of Clinical and Laboratory Alterations Related to Dengue Case Severity: Comparison
between Serotypes 2 and 4 in Brazil

Nieli Rodrigues da Costa Faria, ' Victor Edgar Fiestas Solorzano,? Luiz José de Souza,® Rita Maria Ribeiro Nogueira,’
Fernanda de Bruycker-Nogueira,' Thais Chouin-Carneiro,' Jaqueline Bastos Santos Simédes,’
Monique da Rocha Queiroz Lima," Luzia Maria de Oliveira Pinto,? Claire Fernandes Kubelka,?
Manoela Helringer,1 Elzinandes Leal de Azeredo,>t and Flavia Barreto dos Santos'*t
Flavivirus Laboratory, Oswaldo Cruz Institute, Rio de Janeiro, Brazil; 2Viral Immunology Laboratory, Oswaldo Cruz Institute,
Rio de Janeiro, Brazil; *Hospital dos Plantadores de Cana, Campos dos Goytacazes, Rio de Janeiro, Brazil

Abstract. The increase in severe dengue (SD) cases has caused great impact on public health and has concerned
authorities of countries where the disease is endemic and epidemics reach high proportions. The recognition of pro-
gression signs of this severe disease during the initial febrile phase can be difficult, since the symptoms are often
indistinguishable from other febrile diseases. The aim of this study was to evaluate the clinical manifestations and
laboratory findings in patients from two dengue outbreaks and their association with the disease. The study was con-
ducted in patients (n = 153) with signs and symptoms consistent with dengue occurred during two distinct epidemics,
2010 and 2013, in the city of Campos dos Goytacazes, Rio de Janeiro, Brazil. According to the 2009 World Health
Organization criteria, patients were classified as dengue without warning signs ([DwoWS] 60.6%, 57/94), dengue with
warning signs ([DwWWS] 30.9%, 29/94), and SD (4.25%, 4/94). Patients with DwWWS/SD presented lower platelet and
leukocyte counts and higher transaminase levels when compared with the DwoWS ones. Interestingly, patients from the
epidemic of 2010 caused by dengue virus 2 (DENV-2) had lower platelet counts than patients of the 2013 epidemic caused
by DENV-4. Furthermore, plasma leakage, gastrointestinal bleeding, and pleural effusion, hallmarks for a more severe
disease, were also more frequently observed in those cases. 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

disease during epidemics, especially for the health units and hospitals performing patient’s management.

INTRODUCTION

Dengue is currently considered globally as the most im-
portant mosquito-borne viral disease, and the incidence has
grown dramatically around the world in recent decades. It is
estimated that 3.9 billion people in 128 countries are at risk of
dengue infection.” One recent estimate indicates that 390
million dengue infections occur per year, of which 96 million
manifest clinically with any disease severity.?

Demographic changes, urbanization, and international
travel contribute to the expansion of geographical areas where
transmission occurs, and all four dengue virus (DENV) sero-
types are now circulating in Asia, Africa, and the Americas.®
Not only is the number of cases increasing as the disease
spreads to new areas, but explosive outbreaks are also oc-
curring. Currently, Brazil accounts for approximately 70.0% of
reported cases of dengue in the Americas.*

In Brazil, the first dengue epidemic with laboratory con-
firmation occurred in 1981 in Boa Vista, Roraima, in the
North Region of Brazil, where DENV-1 and 4 were isolated.®
However, it was only after DENV-1 was introduced in Rio de
Janeiro (RJ) in 1986 that the disease became a nationwide
public health problem.® In 2007-2008, the country experi-
enced the most severe epidemic in terms of morbidity and
mortality and severe cases in children due to the DENV-2
reemergence.7 DENV-4 was reintroduced in Brazil in 2010,
and in RJ, the first dengue cases were detected in Niteroi in
2011, and despite the epidemic caused by DENV-1,

* Address correspondence to Flavia Barreto dos Santos, Flavivirus
Laboratory, Oswaldo Cruz Institute, Fundagdo Oswaldo Cruz
(FIOCRUZ), Avenida Brasil 4365, Manguinhos, Rio de Janeiro
21045-360, Brazil. E-mail: flaviab@ioc.fiocruz.br

1 These authors contributed equally to this work.
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DENV-4 could be isolated during the disease surveillance
supported by the laboratory diagnosis performed.®

In 2010 and 2013, a total of 1,011,548 and 1,452,489
dengue cases were reported in Brazil, with RJ represent-
ing 2.9% (29,824) and 14.7% (213,058) of those cases,
respectively.'®

Early diagnosis of dengue is critical, since some patients
may progress from a mild to a severe disease in a short
period."" Although dengue pathogenesis is not completely
clear, it is believed that multiple circulating serotypes; host
factors such as secondary infection, comorbidities, genetic
polymorphism; and factors related to the virus serotype or
genotype would determine the evolution of the clinical
forms of dengue.'?

The white blood cell (WBC) count can reveal a leukopenia
and neutropenia, lymphocytosis with lymphocytic atypia,
and monocytosis. Signs and symptoms such as severe ab-
dominal pain and continuous, persistent vomiting, postural
hypotension, hepatomegaly, mucosal bleeding, increased
hematocrit, or abrupt drop of platelets, are considered as
potential hallmarks of the disease severity.'® Repeated
monitoring of the platelet count and hematocrit is recom-
mended, as an abrupt decrease in platelet counts is an alarm
sign and a significant hematocrit increase is an indirect sign
of plasma leakage.' In this study, we aimed to analyze the
laboratory and clinical findings during two distinct epidemics
that occurred in 2010 and 2013, caused by DENV-2 and
DENV-4, respectively, in Campos dos Goytacazes, RJ,
Brazil.

MATERIALS AND METHODS

Ethics statement. The samples were collected as part
of an ongoing project approved by resolution number
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TaBLE 1

Laboratory confirmation of dengue-suspected cases analyzed from epidemics that occurred in 2010 and 2013, in Campos dos Goytacazes, Rio de

Janeiro, Brazil

Year

2010 (n = 24)

2013 (n=70)

Dengue laboratory diagnostic methods

Positive/tested (%)

Positive/tested (%)

MAC-ELISA 16/24 (66.7)
NS1 ELISA 11/24 (45.8)
RT-PCR (serotypes)

16/24 (66.7) (DENV-2; 16/16)

44/70 (62.8)
27/70 (38.5)
34/70 (48.5) (DENV-4; 34/34)

DENV = dengue virus; ELISA = enzyme-linked immunosorbent assay; MAC = IgM antibody capture; NS1 = nonstructural protein 1; RT-PCR = reverse transcription polymerase chain

reaction.

CSN196/96 from the Oswaldo Cruz Foundation Ethical
Committee in Research (CEP 274/05 and CEP100/00) and
by the Ethics Committee of Plataforma Brasil, Fundacao
Oswaldo Cruz (FIOCRUZ; CAAE 13318113.7.0000.5248).
All participants provided a written consent.

Enroliment, data and specimen collection. The speci-
mens (serum and plasma) analyzed in this study were col-
lected during ongoing epidemics that occurred in 2010 and
2013, in the city of Campos dos Goytacazes. Patients were
assisted at the Hospital Plantadores de Cana, where an in-
fectious disease physician collected data on demographic
characteristics, symptoms, and physical signs using a
structured questionnaire. Dengue-suspected cases (n =153,
49 in 2010 and 104 in 2013) were obtained during an active
surveillance performed by the Viral Immunology Laboratory,
Oswaldo Cruz Institute, FIOCRUZ. Laboratory diagnosis
was performed by the Flavivirus Laboratory, Regional Ref-
erence Laboratory for the Brazilian Ministry of Health, lo-
cated in RJ. Acute serum samples (up to the 7th day after the
disease onset) were subjected to reverse transcription po-
lymerase chain reaction (RT-PCR) and nonstructural protein
1 antigen capture enzyme-linked immunosorbent assay
(NS1 ELISA). Convalescent samples (after the 7th day after
the onset of the symptoms) were tested using IgM antibody
capture ELISA (MAC-ELISA) and IgG-ELISA. Both acute and
convalescent serum samples were stored at ~70°C. Non-
specific laboratory investigations for all patients were
obtained in the hospital in which they were treated and in-
cluded hemoglobin test, WBC count, platelet count, liver
function tests (aspartate aminotransferase [AST] and alanine
aminotransferase [ALT]), renal function tests, and ultraso-
nography of abdomen. Each sample was accompanied by an
identification form containing demographic information, vital
signs, physical examination, complete blood count, liver
enzymes, ultrasounds and X-rays findings, history of the
previous diseases, and medication use.

Inclusion criteria for World Health Organization dengue
case definition. Dengue-confirmed cases were classified
according to the 2009 World Health Organization (WHO)
classification'®'® and grouped as follows: dengue without
warning signs (DwoWS)—patients living in and/or traveling
to dengue-endemic area, presenting fever, and two of the
following symptoms: nausea, vomiting, rash, aches, pain,
positive tourniquet test, and leukopenia; dengue with
warning signs (DwWS)—dengue patients with any of the
following warning signs: abdominal pain or tenderness,
persistent vomiting, clinical fluid accumulation, muco-
sal bleeding, lethargy or restlessness, liver enlarge-
ment > 2 cm, and an increase in hematocrit concurrent

with rapid decrease in platelet count; severe dengue (SD)—
dengue patients presenting at least one of the following:
severe plasma leakage (leading to shock and fluid accu-
mulation with respiratory distress), severe bleeding eval-
uated by clinicians, severe involvement of liver by AST or
ALT > 1,000 U, central nervous system with impaired
consciousness, and severe involvement of the heart and
other organs. Non-dengue cases, excluded after a nega-
tive result by all dengue laboratory diagnosis, were con-
sidered in this study as other febrile diseases (OFD).
Dengue infection laboratory diagnosis. Laboratory-
positive dengue infection was defined as patients experienc-
ing a febrile illness consistent with dengue according to
WHO criteria, and infection confirmed based on the results

TABLE 2
Characteristics of dengue-suspected cases from epidemics that oc-
curred in 2010 and 2013, in Campos dos Goytacazes, Rio de
Janeiro, Brazil

Epidemic year (total of cases analyzed)

2010 (n = 49) 2013 (0 = 104)
Positive/tested (%) Positive/tested (%)
Case characteristics
Dengue 24/49 (49.0) 70/104 (67.3)
Mean age (in years) 34 37
Gender (male:female) 29:20 23:62
Case classification*
DwoWS 13/24 (54.0) 44/70 (63.0)
DwWS 5/24 (21.0) 24/70 (34.2)
SD 3/24 (12.5) 1/70 (1.4)
Infecting serotype
DENV-2 16/24 (66.7) 0/70
DENV-4 0/24 34/70 (48.6)
Type of infection
Primary 3/24(8.9) 11/70 (15.7)
Secondary 18/24 (91.1) 59/70 (84.2)
Factors associated with a
more severe disease
Hospitalization 11/24 (45.8) 16/70 (22.9)
Abdominal pain 10/24 (41.6) 15/70 (21.4)
Plasma leakage 5/24 (20.8) 3/70 (4.3)
Bleeding 6/24 (25.0) 4/70 (5.7)
Pleural effusion 4/24 (16.6) 0/70
Increased hematocrit with 4/24 (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) 2/27 (7.4)
Other comorbidities 5/10 (50.0) 16/27 (59.2)

DENV = dengue virus; DWWS = dengue with warning signs; DwoWS = dengue without
waming signs; SD = severe dengue.

*Due to the lack of information for the 2009 World Health Organization clinical
classification, three cases were not classified in 2010, and one case was not classified in
the 2013 epidemic.
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obtained by the laboratory diagnostic assays: RT-PCR, MAC-
ELISA, NS1 ELISA, and IgG-ELISA.

Serological diagnosis. Anti-DENV Ig. The Panbio den-
gue IgM Capture ELISA (Brisbane, Australia) was used for
the qualitative detection of anti-DENV IgM antibodies in se-
rum for case confirmation according to the manufac-
turer’s instructions.

The IgG-ELISA previously described by Miagostovich and
others'® was performed for the characterization of dengue
immune response as primary or secondary infections in den-
gue cases previously confirmed by virus isolation, RT-PCR,
and/or MAC-ELISA. Alternatively, the IgG Select Dx kit (Focus
Diagnostics, Carlsbad, CA) was used for characterization of
dengue immune response as primary and secondary. In brief,
the acute samples presenting an NS1 and/or RT-PCR-
positive result with a negative IgG detection were consid-
ered as primary infections, and acute samples presenting an
NS1 and/or RT-PCR-positive result with a positive IgG de-
tection were classified as secondary ones..

NS1 ELISA. For the NS1 antigen capture, the Platelia™
Dengue NS1 Ag-ELISA Kit (Bio-Rad Laboratories, Marmnes-La-
Coquette, France) was used according to the manufacturer's
protocol. All NS1-negative samples were submitted to an NS1
immune complex dissociation protocol previously described.'”
All samples were tested between 1 and 9 days after disease
onset.

Molecular methods. The viral RNA was extracted using
the QlAamp Viral RNA Mini Kit (Qiagen, Hilden, Germany)

veedng i —

ncr eased hematocrit with rapid decr ease of platelets
Pleural effusion
Plasmaleakzge

Persistent abdominal pain

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.'®
Those samples (OFD) tested negative by all dengue labora-
tory diagnosis were also subjected to an RT-PCR for de-
tection of other flaviviruses and alphaviruses according to a
previously published protocol.'® Aiming to further exclude
DENV infection in all negative cases (OFD), samples were
tested by using Simplexa™ Dengue Kit, a real-time RT-PCR
assay (Focus Diagnostics, Cypress, CA), according to the
manufacturer’s protocol, for qualitative detection and typing
of DENV.

Statistical analysis. Statistical analyses were performed
using GraphPad Prism software, version 6.0 (GraphPad
Software Inc., San Diego, CA). 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’s test was used to compare
clinical and laboratory characteristics between patient
groups. Correlation was estimated 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 that oc-
curred in Campos dos Goytacazes, a total of 49 dengue-
suspected cases were investigated. DENV infection was
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Ficure 1. Major signs and symptoms of dengue cases. This figure appears in color at www.ajtmh.org.
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confirmed in 49.0% (24/49) of the cases, and 51.0% (25/49)
were characterized as OFD. By RT-PCR and MAC-ELISA,
66.7% (16/24) of the cases were confirmed and 45.8% (11/24)
by NS1 ELISA (Table 1).

All positive cases detected occurred between the 1st and
8th day of disease. According to the 2009 WHO clinical cri-
teria, confirmed cases (n = 24) were classified as DwoWS
(54.0%, 13/24), DWWS (21.0%, 5/24), and SD (12.5%, 3/24)
(Table 2). Males were more affected than females; however,
irrespective of gender, the mean age of patients was 34 years.
DENV-2 was the only infecting serotype identified in 66.7%
(16/24) of the cases. Secondary infections were prevalent
(91.1%, 18/24) when compared with the primary ones (8.9%,
3/24). Hospitalizations occurred in 45.8% (11/24) of the cases,
and 41.6% (10/24) of the patients presented comorbidity
(Table 2).

The main signs and symptoms of patients were fever
(87.5%), myalgia (87.5%), prostration (83.3%), anorexia
(79.1%), retro-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 petechiae (8.3%). The most common warning
signs of DWWS and SD patients were hemorrhagic mani-
festations (60.0%, 6/10), persistent abdominal pain (50.0%,
5/10), pleural effusion (40.0%, 4/10), and increased he-
matocrit with rapid decrease of platelets (40.0%, 4/10)
(Figure 1).

It was observed that the DWWS/SD patients from the epi-
demic that occurred in 2010 and mainly caused by DENV-2
had significantly lower leukocytes and platelet counts
(P < 0.001) when compared with OFD patients; however, no
statistically significant differences between monocyte count
and hematocrit was observed (Figure 2). Thrombocytopenia
was observed in 41.6% (10/24) of the total number of con-
firmed dengue cases, with 20.0% (2/10) occurring in DwoWS
patients and 80.0% (8/10) in DWWS/SD ones. The platelet
count < 50,000/mm® was observed in 75% (6/8) of the
DwWS/SD patients.

The analysis of the AST revealed high levels in 33.3%
(8/24) of patients during the 2010 epidemic, of these,
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Ficure 2. Hematological parameters of dengue-positive cases according to clinical classification and epidemic, Campos dos Goytacazes, Rio
de Janeiro, Brazil. (A) Platelet, (B) hematocrit, (C) leukocytes, and (D) monocytes. SD/2010 (4) and SD/2013 (@). DwoWS = dengue without warning
signs; DWWS = dengue with warning signs; OFD = other febrile disease; SD = severe dengue. P values * < 0.05, ** < 0.01, and *** < 0.001 were

considered statistically significant.
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Ficure 3.  Biochemicals of dengue-positive cases according to the clinical classification and epidemic, Campos dos Goytacazes, Rio de Janeiro,
Brazil. (A) AST and (B) ALT. SD/2010 () and SD/2013 (@). AST = aspartate aminotransferase; ALT = alanine aminotransferase; DwoWS: dengue
without warning signs; DWWS = dengue with warning signs; OFD = other febrile disease; SD = severe dengue. P values * < 0.05, ** < 0.01, *** < 0.001,

and *** < 0.0001 were considered statistically significant.

62.5% (5/8) were DWWS/SD patients and 37.5% (3/8) were
DwoWS ones. The high AST levels in DWWS/SD patients
were statistically significant when compared with the OFD
patients (P < 0.001) (Figure 3). The ALT analysis revealed
elevated levels in 37.5% (9/24) of the dengue cases, 50.0%
(4/8) DwoWS patients and 50.0% (4/8) DwWWS/SD, and no
significant differences among the groups were observed.

The 2013 epidemic. In 2013, a total of 104 dengue-
suspected cases were analyzed, and 67.0% (70/104) were
confirmed and 33.0% (34/104) of the cases were considered
as OFD. Using MAC-ELISA, 62.8% (44/70) of the infections
were confirmed, and RT-PCR confirmed 48.5% (34/70) of
the cases and the NS1 ELISA 38.5% (27/70) (Table 1).
However, when the serum samples of DENV-4 cases neg-
ative by NS1 ELISA were heat dissociated, the test sensi-
tivity increased in 18.5%. According to the 2009 WHO
clinical criteria, 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 epidemic, females were more affected than
males; however, irrespective of gender, the mean age of pa-
tients was 37 years. 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 with the pri-
mary ones (15.7%, 11/70). Hospitalizations occurred in 22.9%
(16/70) of the cases, and 38.5% (27/70) of the patients pre-
sented comorbidity. Moreover, abdominal pain, plasma
leakage, bleeding, and pleural effusion, the signs involved in a
more severe disease, were less frequently observed than in
the 2010 epidemic (Table 2).

The main signs and symptoms of patients were fever (97 %),
myalgia (86%), headache (80%), arthralgia (63%), nausea
(54%), retro-orbital pain (50%), back pain (49%), prostration
(49%), abdominal pain (37%), itch (34%), vomiting (33%), di-
arrhea (31%), rash (26%), anorexia (20%), dizziness (19%),
asthenia (19%), thrombocytopenia (17 %), and petechiae (7 %)
(Figure 1).

DwWS/SD patients from the epidemic that occurred in 2013
and mainly caused by DENV-4 had significantly lower platelet
and leukocyte counts (P < 0.001) when compared with OFD
patients. Furthermore, the differences in the platelet counts
between the DwoWS and DwWS/SD were also significant
(P < 0.05) (Figure 2).

Thrombocytopenia was observed in 17.1% (12/70) of the
total number of dengue cases, of these, 8.3% (1/12) were
DwoWS patients and 91.7% (11/12) were DWWS/SD ones.
Low platelet counts were observed in 25.0% (3/12) of patients,
all with DWWS. Both DwoWS and DwWS/SD patients pre-
sented lower counts than the OFD patients (P < 0.001); how-
ever, no significant difference was observed in relation to the
hematocrit and monocyte values (Figure 5).

During the 2013 epidemic, increased AST was observed in
42.8% (30/70) of dengue cases, 53.3% (16/30) were patients
with DwoWS and 46.6% (14/30) were DWWS ones, whereas
the increased ALT levels were also observed in 42.8% (30/70)
of the cases, 50% (15/30) were DwoWS cases and 50%
(15/30) were DWWS ones.

Both high AST levels observed in DwWoWS and DwWS/SD
patients in 2013 were statistically significant when compared
with the OFD patients (P < 0.05 and P < 0.0001, respectively);
however, no significant differences were observed between
DwoWS and DwWS/SD cases (Figure 3). Elevated levels of
ALT were statistically significant on DWWS/SD patients on
2013 when compared with the OFD cases (P < 0.001)
(Figure 3).

In an overall overview, independently of the clinical
classification, the lower platelet count observed in the 2010
epidemic caused by DENV-2 was statistically significant
when compared with that observed in the cases occurred in
the 2013 epidemic (P < 0.05). Likewise, the lower leukocyte
count observed in both epidemics was significant, when
compared with the OFD cases (P < 0.001). Moreover, in
both epidemics, both AST and ALT levels were higher when
compared with the OFD group (Figure 4). Independently of
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ALT = alanine aminotransferase; OFD = other febrile disease. P values * < 0.05, ** < 0.01, and *** < 0.001 were considered statistically

significant.

the epidemic year, patients presenting DWWS/SD showed
lower platelet and leukocyte counts considering both
DwoWS and OFD groups (P < 0.001) and higher AST and
ALT levels (Figure 5).

DISCUSSION

In Brazil, dengue transmission has been occurring con-
tinuously since 1986, with occurrence of outbreaks and

epidemics, usually associated with the introduction of new
serotypes in previously unaffected areas or serotype ree-
mergences. The years of 2010 and 2013 were characterized
by two of the largest dengue epidemics reported in the
country, when about 1 and 1.4 million cases were reported,
respectively. Moreover, despite the introduction of DENV-4 in
2010, this serotype was prevalent in 2013 and was re-
sponsible mostly for the mild cases. In this study, dengue
infection was confirmed in 61.4% (94/153) of suspected cases
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e Objetivos Especificos: Descrever os aspectos clinicos, epidemioldgicos
e laboratoriais de casos confirmados de DENV-4 ap0s a sua introducao
em area endémica do RJ; e os genotipos de cepas de DENV-4 isoladas no
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dos Santos.

Resumo: Devido a susceptibilidade das populacdes, a introdu¢cdo de DENV-4 em
2010, levou a ocorréncia de epidemias explosivas nos anos seguintes no Brasil. Em
2011, DENV-4 foi identificado no Rio de Janeiro (RJ) e prevaleceu em 2012 e 2013.
Neste estudo, visamos caracterizar os aspectos clinicos, epidemioldgicos e
laboratoriais dos casos de DENV-4, apés esta introducédo do sorotipo em um cenario
endémico. Métodos: casos com suspeita de dengue (n = 3727) foram recebidos e
analisados de janeiro de 2011 a dezembro de 2013, durante os surtos ocorridos em
RJ, no Brasil. As amostras foram submetidas a métodos viroldgicos, sorolégicos e
moleculares para confirmagdo laboratorial. Casos de DENV-4 (n = 705) foram
caracterizados de acordo com o tipo de infeccédo, gravidade da doenca, viremia e
antigenemia de NS1.Cepas representativas foram sequenciadas parcialmente para
genotipagem. Resultados: DENV-4 foi identificado em 44,2% (705/1593) de casos
de dengue, e o virus foi isolado em 48,7% dos casos. A IgM anti-DENV foi detectada
em 39,4% dos casos, porém uma maior deteccao foi observada em casos com = 4
dias de sintomas (57,0%). O antigeno NS1 foi identificado em 41,5% dos casos de
DENV-4, no entanto, apés a dissociacdo de imune complexos, a detecgdo aumentou
significativamente (87,6%). As mulheres foram mais afetadas do que os homens,
assim como as criancas entre 11 e 15 anos de idade. Os casos primarios foram mais

frequentemente observados do que os secundarios e a maioria deles foi classificada
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como dengue sem sinais de alerta. Nao foram observadas diferengas na
antigenemia NS1 e na viremia dentre os grupos. Apesar da maior frequéncia de
doenca grave em individuos com 65 anos de idade, ndo foram observadas
diferencas entre os grupos e o tipo de infeccdo. No entanto, os casos fatais de
DENV-4 foram mais frequentes em infec¢des secundarias (57,1%). O Gendtipo Il foi
identificado, com uma provavel origem da Venezuela e Coldmbia. Conclusées: Foi
demonstrado que o diagndstico laboratorial ainda € uma ferramenta confiavel para a
vigilancia da doenca, detectando e confirmando epidemias emergentes. Apesar da
ocorréncia de infec¢des secundarias, a maioria dos casos de DENV-4 apresentou
doenca branda. Como o RJ é endémico para a dengue, esperam-se altas taxas de
infeccbes secundarias. Apesar da existéncia de dois genotipos, apenas o Genotipo |l

foi identificado em nosso estudo.
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Abstract

Background: Due to the populations’ susceptibility, DENV-4 introduction in 2010 led to the occurrence of explosive
epidemics in the following years in Brazil. In 2011, DENV-4 was identified in Rio de Janeiro (RJ) and it was prevalent
in 2012 and 2013. Here, we aimed to characterize clinical, epidemiological and laboratorial aspects of DENV-4 cases
after this serotype introduction in an endemic scenario.

Methods: Dengue suspected cases (n = 3727) were received and analyzed from January 2011 to December 2013,
during outbreaks occurred in RJ, Brazil. Samples were submitted to virological, serological and molecular methods for
case confirmation. DENV-4 cases (n = 705) were characterized according to the type of infection, disease severity and,
viremia levels and NS1 antigenemia were accessed. Representative strains were partial sequenced for genotyping.

Results: DENV-4 was identified in 44.2% (705/1593) of dengue positive cases, virus isolated in 48.7% of the cases.
Anti-DENV IgM was detected in 39.4% of the cases, however an increased detection was observed in cases with

24 days of symptoms (57.0%). NS1 antigen was identified in 41.5% of DENV-4 cases however, after immune complexes
dissociation, the detection significantly increased (87.6%). Females were more affected than males, so did children aged
11-15 years old. Primary cases were more frequently observed than secondary ones and most of them were classified
as dengue. No differences on NS1 antigenemia and viraemia within the groups were observed. Despite the higher
frequency of severe disease on individuals >65 years old, no differences were observed among the groups and type of
infection. However, DENV-4 fatal cases were more frequent on secondary infections (57.1%). DENV-4 Genotype Il was
identified with a probable origin from Venezuela and Colombia.

Conclusions: It has been shown that laboratorial diagnosis is still a reliable tool for the disease surveillance, detecting
and confirming emerging epidemics. Despite the occurrence of secondary infections, most DENV-4 cases presented a
mild disease. As RJ is endemic for dengue, high rates of secondary infections would be expected. Despite the existence
of two genotypes, only Genotype Il was identified in our study.
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Background

Dengue is one of the most important arboviruses in the
world and the World Health Organization (WHO) esti-
mates that between 70 and 500 million people are annually
infected worldwide [1]. Dengue viruses (DENV 1-4) belong
to the family Flaviviridae, genus Flavivirus [2] and based
on the analysis of the envelope gene sequences [3, 4] or
complete sequencing of the viral genome [5], four geno-
types are characterized for DENV-4: Genotype I repre-
sented by strains from Thailand, Philippines, Sri Lanka and
Japan (from Southeast Asia); Genotype II represented by
strains from Indonesia, Malaysia, Tahiti, the Caribbean and
the Americas; Genotype III represented by recent strains in
Thailand that were different from the others; and Genotype
IV represented by wild strains of Malaysia [3-5].

After 63 years without reported cases in Brazil, reinfesta-
tion by vector Aedes aegypti in the 70's led to epidemics in
Boa Vista, Roraima in 1981-1982 [6]. However, dengue
became a public health problem in the country when the
DENV-1 was identified in the serum of patients in an epi-
demic in the state of Rio de Janeiro (R]) in 1986 [7]. The
introduction of DENV-2 in 1990, also in the state of R] [8],
led to an increase in the disease severity and the first dengue
hemorrhagic fever (DHF) cases were reported in the country
[9]. DENV-3 introduction in RJ and in the country in 2000
caused one of the most severe epidemics reported in the
country in 2002 [10, 11]. In 2007-2008, the country experi-
enced the most severe epidemic in terms of morbidity and
mortality, in addition to severe cases in children due to the
DENV-2 re-emergence. R] alone was responsible for 255,818
cases [12—14]. In 2009, DENV-1 re-emerged in the southeast
region of the country and it was the serotype detected in
50.4% of the viral isolations, displacing DENV-2 and DENV-
3 [15]. In July of 2010, DENV-4 was isolated in Roraima [16],
28 years after its first detection in that same State and soon
this serotype spread other States, including RJ [17]. Despite
the epidemic caused by DENV-1, DENV-4 could be isolated
during the disease surveillance supported by the performed
laboratorial diagnosis. Due to the populations’ susceptibility
to this newly introduced serotype, explosive epidemics in the
country were a real threat. Furthermore, despite being known
as a mild serotype, the impact of the emergence of DENV-4
in an endemic region where the other three serotypes were
circulating was unknown. This study aimed to analyze the
epidemiology of DENV-4 cases occurring in Rio de Janeiro
after this serotype introduction, the role of the different
laboratory methodologies for case confirmation, the associ-
ation of viremia and NS1 antigenemia with disease severity
and the surveillance of the circulating genotype.

Methods

Dengue suspected cases

Dengue suspected cases were received during a surveillance
program performed by the Flavivirus Laboratory, Oswaldo
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Cruz Institute, FIOCRUZ, Regional Reference Laboratory
for the Brazilian Ministry of Health, located in R], from
January 2011 to December 2013. Acute serum samples (up
to the 7th day after the onset of the symptoms) stored at
-70 °C were submitted for virus isolation, RT-PCR and
NSI antigen capture ELISA. Convalescent samples (> the
7th day after the onset of the symptoms) stored at —20 °C
were tested for MAC-ELISA and IgG-ELISA tests.

Dengue cases classification

Dengue confirmed cases were classified according to the
2009 WHO classification [18] and grouped as follows: den-
gue without warning signs: patients living in and/or travel-
ing to dengue endemic area, presenting fever and two of
the following symptoms: nausea, vomiting, rash, aches,
pain, positive tourniquet test and leukopenia; dengue with
warning signs (DWAS): dengue patients with any of the fol-
lowing warning signs: abdominal pain or tenderness, per-
sistent vomiting, clinical fluid accumulation, mucosal
bleeding, lethargy or restlessness, liver enlargement >2 cm,
and an increase in hematocrit concurrent with rapid de-
crease in platelet count and severe dengue (SD): “dengue
patients presenting at least one of the following:” severe
plasma leakage (leading to shock and fluid accumulation
with respiratory distress), severe bleeding evaluated by clini-
cians, severe involvement of liver by aspartate aminotrans-
ferase (AST) or alanine transferase (ALT) >1000 U, central
nervous system with impaired consciousness, and severe
involvement of the heart and other organs.

Virus isolation

Virus isolation was performed by inoculation into C6/36
Aedes albopictus cell line [19] and isolates were identified
by indirect fluorescent antibody test (IFAT) using serotype-
specific monoclonal antibodies [20].

Immunoglobulin M (IgM) antibody capture ELISA (VAC-ELISA)
The Panbio dengue IgM Capture ELISA (E-DENO1M,
Brisbane, Australia) was used for the qualitative detection
of anti-DENV IgM antibodies in serum for case confirm-
ation according to the manufacturer’s instructions.

Immunoglobulin G (IgG) antibody detection ELISA (IgG-ELISA)
The IgG-ELISA previously described [21] was performed
for the characterization of dengue immune response as pri-
mary or secondary infections, in dengue cases previously
confirmed by virus isolation, RT-PCR and/or MAC-ELISA.

Viral RNA extraction

Viral RNA was extracted from serum using QIAamp
Viral RNA Mini kit (Qiagen, Hilden, Germany) following
the manufacturer’s instructions and stored at =70 °C for
DENYV typing.
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Reverse transcriptase-polymerase chain reaction (RT-PCR)
Conventional RT-PCR was performed as described by
Lanciotti et al. [22] for DENV detection and typing from
acute phase samples.

RT-PCR amplification and sequencing of the gene E

For genotyping and phylogenetic analysis, representative
samples were selected from the 3 years of epidemic and
from distinct regions within the state of Rio de Janeiro.
Those DENV-4 isolates (n = 12) were partially sequenced
(C/prM/M/E genes), Table 1. Five microliters of the ex-
tracted RNA was reverse transcribed into cDNA and ampli-
fied for sequencing using AccessQuick™ RT-PCR System
(Promega Corporation, Wisconsin, USA). The thermocy-
cling parameters consisted of one cycle of reverse transcrip-
tion (42 C/60 min), followed by 40 cycles of denaturation
(94 C/35 s), annealing (59 C/1 min) and extension (72 C/
2 min), ending with a final extension cycle (72 C/10 min),
in a GeneAmpPCR System 9700 (Applied Biosystems, Cali-
fornia, USA). The cDNA fragments amplified by RT-PCR
were directly sequenced in both directions using the BigDye
Terminator Cycle Sequencing Ready Reaction Kit (Applied
Biosystems, Foster City, CA) version 3.1 and analyzed in an
automatic sequencer 3100 (Applied Biosystems, Foster City,
CA). Alignments were performed using CLUSTALW?2
(http://www.ebi.ac.uk/Tools/msa/clustalw2/). Phylogenetic
trees were constructed using the MEGA 7 (http://www.me-
gasoftware.net/), by the “Neighbor-joining” method, accord-
ing to the Tamura-Nei 93 model and Gamma distribution
(TN93 + G), with a bootstrap of 1000 replications.

Real time RT-PCR assay for viremia quantitation
For the viremia quantification of DENV-4 cases (n = 16 [8
dengue and 8 severe dengue]), the TagMan assay was
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performed as described previously by Johnson [23]. Due to
the small number of severe cases, viremia was randomly an-
alyzed only in 8 samples of each group, for comparison
purposes.

NS1 antigen capture ELISA
For the NS1 antigen capture, the Platelia™ Dengue NS1 Ag-
ELISA kit (Biorad Laboratories, Marnes-La-Coquette,
France) was used according to the manufacturer’s protocol.
All samples were tested between 1 and 12 days after disease
onset. For a better sensitivity for the NS1 capture test, an
antigen-antibody complex dissociation protocol performed
as previously described by our group [24]. Briefly, the heat-
mediated dissociation method was used by boiling 50 pL of
serum at 100° C in a water bath for five minutes.

The NS1 antigenemia quantification was performed using
a standard synthetic antigen curve, based on an equation
(y = 1,321x + 0.1271) with R? = 0.9542. The standard curve
was established using synthetic NS1 protein based on the
DENV-4 Dominica 814,669/1981 strain (Native Antigen
Company, Oxforshire, United Kingdom) with a 10 fold-
dilution. All samples were tested between 1 and 12 days
after disease onset.

Statistical analysis

The chi-square and/or Fisher exact tests were used to assess
the significance between categorical variables by using Epi
Info 7.0.9.34 (Center for Disease Control and Prevention,
Atlanta).

Results

A total of 3727 dengue suspected cases from the state of R]
was analyzed from January 2011 to December 2013. After
the confirmatory laboratorial diagnosis, 1593 cases were

Table 1 DENV-4 strains (n = 12) isolated in Rio de Janeiro, from 2011 to 2013 used in this study for partial genome sequencing and

genotyping

ID/state/year of isolation Origin of strain

Case classification Genbank accession number

(cell line) (WHO, 2009)
487_11/RJ/2011 Isolated (C6/36) Dengue KY084510
6338_11/RJ/2011 Isolated (C6/36) Dengue KY084511
1128_12/RJ/2012 Isolated (C6/36) Dengue KY084512
3178_12/RJ/2012 Isolated (C6/36) Dengue KY084513
3603_12/RJ/2012 Isolated (C6/36) Dengue KY084514
5340_12/RJ/2012 Isolated (C6/36) Dengue KY084515
408_13/RJ/2013 Isolated (C6/36) Dengue KY084516
2663_13/RJ/2013 Isolated (C6/36) Dengue KY084517
2848_13/RJ/2013 Isolated (C6/36) Dengue KY084518
2960_13/RJ/2013 Isolated (C6/36) Severe Dengue (Fatal) KY084519
3248_13/RJ/2013 Isolated (C6/36) Dengue KY084520
3602_13/RJ/2013 Isolated (C6/36) Dengue KY084521

ID Identification, RJ Rio de Janeiro, WHO World Health Organization

R
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confirmed as dengue positive, and 705 (44.2%) due to
DENV-4 infections. Not all analysis, such as those by gen-
der, age, immune response and disease severity were per-
formed in all 705 DENV-4 due to the lack of information in
some cases.

The highest percentage of the cases received and con-
firmed in this study were from the Metropolitan Region
of R] (89.9%; 634/705), and the most affected municipal-
ities by DENV-4 in 2011-2013 were Niterdi and Rio de
Janeiro, followed by Campos dos Goytacazes, located in
the North region of the state, where 44.9% (317/705),
36.8% (260/705) and 7.5% (53/705) of infections by this
serotype were confirmed, respectively.

The RT-PCR failed to identified DENV-4 in only one
sample (Table 2), which was confirmed by virus isolation,
that identified the serotype in 48.7% (298/612) of the sam-
ples tested. The detection of anti-DENV IgM, considering
both acute and convalescent samples, was possible in
39.4% (104/264) of the cases. However, considering cases
with >4 days of illness, this marker was detected in 57.0%
of the cases. DENV NS1 antigen was identified in 41.5%
(231/557) of the DENV-4 cases by using the NS1 antigen
capture ELISA according to the manufacturer’s instruc-
tions, however, after the addition of an antigen-antibody
complex dissociation step, the assay sensitivity signifi-
cantly increased and confirmed 87.6% (488/557;
p = 0.001) of the samples tested, Table 2.

DENV-4 cases were more frequently observed in females
(n = 396) than males (# = 305), and a higher number of
cases were observed on children aged 11-15 year old, and
was no significant differences were observed between age
groups (Fig. 1).

The patient's immune response characterization in
primary or secondary infections was possible in 508 DENV-
4 cases, due to the lack of information in some cases allow-
ing this analysis. Overall, primary cases were more fre-
quently observed (259/508; 51.0%) than secondary ones
(249/508; 49.0%), and despite the lower number of cases in
2011, no significant differences were observed, Table 3.
DENV-4 cases (n = 668) were also characterized according
to the disease severity. Most of the cases were classified as
dengue cases (1 = 560; 83.8%), 12.8% (n = 86) as DWAS

Table 2 Distribution of DENV-4 cases analyzed in the State of Rio
de Janeiro, Brazil, from 2011 to 2013 and confirmed according to
the routine laboratorial diagnosis methodologies used

Methodology/Year Positive cases/ p value
Total analyzed (%)

Virus isolation 298/612 (48.7)

RT-PCR 704/705 (99.8)

MAC-ELISA 104/264 (39.4)

NS1 Capture ELISA 231/557 (41.5) 0.001

NS1 Capture ELISA after dissociation 488/557 (87.6)
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and 3.2% (n = 22) as severe dengue according to the 2009
WHO criteria, Fig. 2. The clinical manifestations observed
in most cases were fever (n = 640; 95.8%), followed by head-
ache (n = 574; 85.9%), independent of the disease severity.
Among the most common symptoms observed on dengue,
no differences were observed in relation to the disease se-
verity (Fig. 3a). When observing the warning symptoms, a
higher proportion of abdominal pain in DWAS cases was
observed (1 = 75; 87.2%). Despite this, the proportion of ab-
dominal pain in severe dengue cases was considerably lower
(n = 3; 13.6%), Fig. 3b.

The NS1 antigenemia on DENV-4 cases (1 = 138) showed
no differences between NS1 levels from dengue, DWAS or
severe dengue cases (Fig. 4a). The same was observed on
DENV-4 cases previoulsly negative by NS1 ELISA capture
and that resulted positive after heat-mediated immune com-
plex dissociation (Fig. 4b). Viremia was also quantified on
dengue (7 = 8) and severe dengue (# = 8) cases, however no
differences were observed (5.95 logl0 RNA copies/mL and
5.83 log10 RNA copies/mL, respectively (p = 0,001).

A relationship between the disease severity and the type
of infection (primary or secondary) was shown. There was
a greater proportion of a more severe disease among indi-
viduals 65 years old and older, however a paired analysis
by age showed no significant difference in risk of more
severe disease (p > 0.05) nor for secondary infections
(p > 0.05), Table 4.

Fatal cases due to DENV-4 (n = 14) were received and
analyzed during the studied period, 42.8% (6/14) occurred
in 2012 and 57.1% (8/14) in 2013. Immune response was
characterized on 7 cases and, 42.8% (3/7) occurred during a
primary infection and 57.1% (4/4), due to secondary ones.
Age information was available on 12 cases and, 7 occurred
on patients’ 16 to 65 years old, Table 5.

The phylogeny based on the partial genome sequencing
of representative DENV-4 strains (n = 12) isolated in State
of Rio de Janeiro, represented by dengue and one fatal case,
demonstrated the circulation of DENV-4 Genotype II (Fig. 5).

Discussion

The introduction of DENV-4 in the state of Roraima, North
Brazil in 2010 warned for the possibility of a new dengue
epidemics in Brazil [16], as the main vector, Aedes aegypti
is widespread in the country. In the disease surveillance,
the identification of the vectors has important implications
for the disease outbreak control, especially with the rapid
disease spread when a new serotype is introduced.

In 2011, the first isolation of DENV- 4 in R] from cases
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 48.7% of confirmed cases. That same
year showed for, the first time, the co-circulation of the four
DENV serotypes in the state. However, in 2013, DENV-4
was responsible for the largest number of cases in the state.

R
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The Metropolitan region of the state was responsible for
most cases occurred during the studied period, mainly in
the municipalities of R] and Niter6i. This region has a high
population density and high-traffic, which partly explains
the concentration of the cases studied [12]. Furthermore, as
the Flavivirus Laboratory, FIOCRUZ acts as a Regional Ref-
erence Laboratory for dengue diagnosis in Brazil, samples
from other municipalities were also received and analyzed.

Although viral isolation is considered the “gold standard”
method for dengue viral detection, the sensitivity of the
molecular methods in detecting the viral genome offers a
great advantage during an epidemic period, as shown by the
results presented here. However, it is noteworthy that the
high percentage of positive results obtained in RT-PCR may
be the result of the selection criteria for the analysis in this
study, as known DENV-4 cases were selected. Despite this,
previous studies have demonstrated the usefulness of RT-
PCR to confirm the cases and identification of the infecting
serotype, when the virus isolation was not possible [25, 26].

Serological methods are still the most useful tool for the
diagnosis of the disease during epidemics, as observed
since its establishment in 1986 in Rio de Janeiro [27]. In

Table 3 Immune response characterization of DENV-4 cases
occurred in Rio de Janeiro from 2011 to 2013

Type of infection 20M 2012 2013 Total (%)
(%)/Year (n=11) (n =397) (n=100) (n = 508)
Primary 3(273) 198 (49.9) 58 (58.0) 259 (51.0)
Secondary 8(72.7) 199 (50.1) 42 (42.0) 249 (49.0)

this study, the low detection rate of anti-DENV IgM by
ELISA (39.4%) was probably due to the acute nature of
the cases selected for analysis, as previously described.
When it has been described that patients with a primary
infection have evidently undetectable IgM antibody titers
and there is an increase in detection from a paired sample
in the later disease [9]. Usually, higher anti-DENV IgM
detection rates are observed after the sixth day after the
onset of symptoms. Therefore, considering cases with
>4 days of symptoms, the detection rate significantly
increases.

The usefulness of NS1 Ag capture tests for the early
diagnosis of dengue, even in limited resourced setting has
been shown [28] and evaluated to confirm primary and
secondary acute dengue infections [28-31]. In this study,
initially, the NS1 capture ELISA detection rate was 41.5%
on previously confirmed DENV-4 cases. However, after
using a heat immune complex dissociation step, the NS1
detection rate significantly increased to 87.6%, as previ-
ously described.

In this study, hemorrhage, shock, increased transami-
nases levels and central nervous system involvement were
considered for severe cases classification. In the study, 3.2%
of DENV-4 confirmed cases were classified as severe den-
gue and 12.8% as dengue with warning signs. We observed
that abdominal pain is an important warning sign regarding
the evolution of the disease and which can help in the
correct patient management and thus, avoiding increased
severity and fatal outcome. However, due to the small
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Fig. 2 Yearly distribution of dengue, dengue with warning signs (DWAS) and severe dengue cases by year of occurrence, Rio de Janeiro, Brazil,
2011 to 2013

number of severe cases available in this study, no statistical
analysis on the disease severity was performed. Further-
more, during the study period, no increase in the disease
severity was observed and this is in agreement with previ-
ous observations in the same period in the state of R] [32].
The lower severity on DENV-4 cases is known [33] and
here, 14 deaths due to DENV-4 were confirmed in the
period studied.

No significant differences between the viremia on mild
dengue and severe cases were observed, which does not
corroborate with previous studies analyzing other sero-
types [34—36]. However, a limitation of the present study
was the small sample size of severe cases. Moreover, the
sampling collection represents the patient’s first visit to
the health unit and the information on their progression
to a more severe disease is not available.
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Fig. 4 DENV-4 NS1 antigenemia according to the disease severity. a NS1 antigenemia on DENV-4 cases positive for NS1 ELISA; (b) NS1
antigenemia on DENV-4 cases previoulsy negative by NS1 ELISA and positive after heat-mediated immune-complex dissociation

DENV-4 strains isolated from 2011 to 2013, following
this serotype introduction and spread in R] were partially
sequenced and the phylogenetic analysis demonstrated
that those belong to genotype II. Moreover, based on pre-
vious studies, the sampling size sequenced here is reliable
for this analysis considering the epidemic duration, site
and the low-mutation characteristic of DENV [16, 37].
The strains of genotype II first isolated during the out-
break of 1982 in Roraima, North Brazil [38] did not spread
to other states at that time. However, this genotype was
once again detected in Roraima in 2010, being circulated
through Central America, Northeastern South America
and the Caribbean [39]. According to Temporao et al.
(2011) [16], these strains of genotype II were genetically
different from those isolated in the 1980s in Roraima and
demonstrated a probable origin from Venezuela and
Colombia. However, Nunes et al. [40] complete and partial
DENV-4 sequences isolated in Brazil identified the

Table 4 Analysis of factors associated to DENV-4 cases in Rio de
Janeiro, Brazil, from January 2011 to December 2013

Dengue  pvalue* DWAS

pvalue* Severe  p value*

dengue
n % n % n %
Age group (years)
<15 102 850 15 125 3 25  >005
16-64 426 838 >005 67 131 >005 15 29
> 65 20 833 1 41 3 125

Type of infection
Primary 159 486 >005 43 505 >005 5 312 >005

168 514 42 495 11 688
Secondary

*Statistical analysis performed for the comparison of the disease severity to
the distinct age groups and type of infection

circulation of two genotypes (I and II). Genotype II is the
most commonly one observed circulating in South Amer-
ica and the Caribbean. Genotype I, one the other hand is
represented by a strain isolated in the Northeast of Brazil
(Bahia), which may have some evolutionary relationship
with Asian strains, according to phylogenetic analysis per-
formed by Campos et al. [41].

Conclusions

After the DENV-4 isolation in 2011 in R], this serotype
spread in the following two years and, the co-circulation
of the four DENV was evidenced for the first time in the
state. The DENV-4 diagnosis by NS1 ELISA was signifi-
cantly improved by using an immune complex dissoci-
ation step. We observed a low percentage of clinical
manifestations related to a more severe disease, and
despite the occurrence of secondary infections, immune
status and age were not related to a more severe disease.
Although two distinct DENV-4 genotypes were already
reported circulating in Brazil, in this study, genotype II
was the only identified during the period in RJ. The

Table 5 DENV-4 fatal cases (n = 14) occurred from 2011 to
2013 in the State of Rio de Janeiro, Brazil

Year 2012 2013
Type of infection (n = 7) n

Primary (n = 3) 2 1
Secondary (n = 4) 3 1
Age group (n = 12) n

<15(h=2) 2 NI
16-65 (n = 7) 3 4

> 65 (n=3) NI 3

NI not identified
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Fig. 5 Phylogenetic analysis based on C/prM/M genes from representative DENV-4 (n = 12) strains isolated from 2011 to 2013, Rio de Janeiro,
Brazil. Neighbor-joining method, Tamura-Nei-parameter model (TN93 + G) with gamma parameter 0,23. Bootstrap test (1000 pseudo-replicates) is
presented on the basis of the branches. Black circles represent the DENV-4 sequences analyzed. DENV reference strains were named as follows:

931 AY618988.1/TH/1997 ] Gonotype M

impact of the introduction and emergence of DENV-4 in
the state of RJ was not well understood and studies
accessing a new DENV serotype circulation in an en-
demic scenario are needed.

Abbreviations

ALT: Alanine transferase; AST: Aspartate aminotransferase; DENV: Dengue Virus;
DHF: Dengue hemorrhagic fever; DwWS: Dengue with waming signs; IFAT: Indirect
fluorescent antibody test; Ig: Immunoglobulin; RT-PCR: Reverse transcriptase-
polymerase chain reaction; SD: Severe dengue; WHO: World Health Organization

Acknowledgements
To Dr. Ana Maria Bispo de Filippis, Eliane Aradjo, Simone Sampaio, José da Costa
Farias Filho and Leda Maria do Santos for laboratorial and technical support.

Funding

To Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico/CNPq
[grant number 303822/2015-5] and Programa Estratégico de Pesquisa em
Saude/PAPES VI-FIOCRUZ [grant number 407690/2012-3], to Coordenagao
de Aperfeicoamento de Pessoal de Nivel Superior (CAPES), to Fundagao de
Amparo a Pesquisa do Estado do Rio de Janeiro/FAPER] [grant number
210.026/2014 to RMR], to FIOCRUZ, and Brazilian Ministry of Health.

Availability of data and materials
The data can be provided from the main author upon request.

Authors’ contributions

FBS, RMRN and MH design the study. MH, TMAS, MRQL, PCGN, NRCF, FBN and
TCC performed the experiments. MH, TMAS, FBN and FBS wrote the paper. All
authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable

Ethics approval and consent to participate

The samples belong to a collection 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.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



Heringer et al. BMC Infectious Diseases (2017) 17:410

Author details

"Viral Immunology Laboratory, Oswaldo Cruz Institute/FIOCRUZ, Av Brasil
4365, Manguinhos, Rio de Janeiro, RJ 21045-360, Brazil. “Flavivirus Laboratory,
Oswaldo Cruz Institute, Rio de Janeiro, Brazil.

Received: 11 January 2017 Accepted: 23 May 2017
Published online: 09 June 2017

References

1.

20.

21.

22,

23:

24

25

Word Health Organization. Sustaining the drive to overcome the global
impact of neglected tropical diseases: second WHO report on neglected
tropical diseases. Geneva 2013; 25-29.

Lindenbach B, et al. Flaviviridae: The viruses and their replication. PH KDaH,
ed. Fields Virology. 2001; 991-1041.

Lanciotti, et al. Molecular evolution and phylogeny of dengue-4 viruses.
Journal of General Virology. 1997,78:2279-84.

Weaver SC, Vasilakis N. Molecular evolution of dengue viruses: contributions of
phylogenetics to understanding the history and epidemiology of the preeminent
arboviral disease. Infections, Genetics and Evolution. 2009,9:523-40.

Klungthong C, et al. The molecular epidemiology of dengue virus serotype
4 in Bangkok, Thailand. Virology. 2004; 329:168-179.

Claro L, et al. Dengue prevention and control: a review of studies on
knowledge, beliefs, and practices. Caderno Saude Publica. 2004;20:1447-57.
Schatzmayr HG, et al. An outbreak of dengue virus at Rio de Janeiro.
Memdrias Instituto Oswaldo Cruz. 1986;81:245-6.

Nogueira RM, et al. Isolation of dengue virus type 2 in Rio de Janeiro.
Memorias Instituto Oswaldo Cruz. 1990;,85:253.

Nogueira RM, et al. Dengue epidemic in the stage of Rio de Janeiro, Brazil,
1990-1: co-circulation of dengue 1 and dengue 2 serotypes. Epidemiol
Infect. 1993;111:163-70.

Nogueira RM, et al. Dengue virus type 3 in Rio de Janeiro. Brazil Memorias
Instituto Oswaldo Cruz. 2001;96:925-6.

Nogueira RM, et al. Dengue virus type 3, Brazil, 2002. Emerg Infect dis. 2005;
11:1376-81.

Teixeira M, et al. Recent shift in age pattern of dengue hemorrhagic fever.
Brazil. Emerging Infectious Diseases. 2008;14:1663.

Teixeira MG, et al. Dengue: twenty-five years since reemergence in Brazil.
Caderno Saude Publica. 2009;25(Suppl 1):57-18.

Secretaria de Vigilancia em Saude, Ministerio da Saude. Dengue. Boletim da
semana 48/2008. In. Brasilia: Ministério da Satde, 2008. http://portalsaude.
saude.gov.br/index.php/o-ministerio/principal/secretarias/svs/boletim-
epidemiologico. Accessed 13 Dec 2016.

Secretaria de Vigilancia em Saude, Ministerio da Saude. Informe
epidemiolégico da dengue: Semanas de 1 a 52 de 2009. In Brasilia: Ministério
da Saude, 2009 http://Wwwriorjgovbr/web/Sms Accessed 13 Dec 2016.
Temporao JG, et al. Dengue virus serotype 4, Roraima state. Brazil Emerging
Infectious Diseases. 2011;17:938-40.

Nogueira RM, et al. Dengue virus type 4 arrives in the state of Rio de
Janeiro: a challenge for epidemiological surveillance and control. Memorias
Instituto Oswaldo Cruz. 2011;106:255-6.

Word Health Organization. Dengue: guidelines for diagnosis, treatment,
prevention and control. Special Programme for Research and Training in
Tropical Diseases. Geneva; 2009. http://www.who.int/tdr/publications/
documents/dengue-diagnosis.pdf

Igarashi A. Isolation of a Singh's Aedes albopictus cell clone sensitive to
dengue and chikungunya viruses. Journal General Virology. 1978;40:531-44.
Gubler DJ, et al. Mosquito cell cultures and specific monoclonal antibodies
in surveillance for dengue viruses. Am J Trop med Hyg. 1984;33:158-65.
Miagostovich MP, et al. Evaluation of an IgG enzyme-linked immunosorbent
assay for dengue diagnosis. Journal Clinical Virology. 1999;14:183-9.
Lanciotti RS, et al. Rapid detection and typing of dengue viruses from
clinical samples by using reverse transcriptase-polymerase chain reaction.
Journal Clinical Microbiology. 1992;30:545-51.

Johnson BW, et al. Serotype-specific detection of dengue viruses in a
fourplex real-time reverse transcriptase PCR assay. Journal Clinical
Microbiology. 2005;43:4977-83.

Lima MRQ, et al. A simple heat dissociation method increases significantly
the ELISA detection sensitivity of the nonstructural-1 glycoprotein in
patients infected with DENV type-4. J Virol Methods. 2014;204:105-8.
Miagostovich MP, et al. Diagnosis of dengue by using reverse transcriptase-
polymerase chain reaction. Memarias Instituto Oswaldo Cruz. 1997;92:595-9.

26.

27.

28.

29.

30.

31

32.

33

34.

35

36.

37

38.

39.

40.

41.

Page 9 of 9

Dos Santos FB, et al. A review on dengue diagnosis and epidemiology by a
Regional reference laboratory in 25 years, Rio de Janeiro. Brazil Dengue
Bulletin. 2013;37:61-76.

Andries AC, et al. Field evaluation and impact on clinical management of a
rapid diagnostic kit that detects dengue NS1. IgM and IgG PLoS Neglected
Tropical Diseases. 2012;6:21993.

Dussart P, et al. Evaluation of an enzyme immunoassay for detection of dengue
virus NS1 antigen in human serum. Clin Vaccine Immunol. 2006;13:1185-9.
Hang VT, et al. Diagnostic accuracy of NS1 ELISA and lateral flow rapid tests
for dengue sensitivity, specificity and relationship to viremia and antibody
responses. PLoS Neg| Trop dis. 2009;3:e360.

Lima Mda R, et al. Comparison of three commercially available dengue NS1
antigen capture assays for acute diagnosis of dengue in Brazil. PLoS Neg|
Trop dis. 2010;4:738.

Huang CH, et al. Laboratory diagnostics of dengue fever: An emphasis on
the role of commercial dengue virus nonstructural protein 1 antigen rapid
test. Journal Microbiology, Immunology and Infection. 2012; doi: 51684
1182(12)00155-7.

Secretaria de Estado de Satde e Defesa Civil do Rio de Janeiro (SESDEC-RJ).
Relatorio de casos de dengue. 2009. http://prefeitura.rio/web/sms/dengue-
casos-bairro-periodo. Accessed 14 Apr 2013,

Amancio FF, et al. Dengue virus serotype 4 in a highly susceptible
population in southeast Brazi. Journal Infection Public Health. 2014;7:547-52.
Vaughn DW, et al. Dengue viremia titer, antibody response pattern, and
virus serotype correlate with disease severity. J Infect dis. 2000;181:2-9.
Endy TP, et al. Relationship of preexisting dengue virus (DV) neutralizing
antibody levels to viremia and severity of disease in a prospective cohort
study of DV infection in Thailand. J Infect dis. 2004;189:990-1000.

de Aratjo JM, et al. Quantification of dengue virus type 3 RNA in fatal and
non-fatal cases in Brazil, 2002. Trans R Soc Trop med Hyg. 2009;103(9):952-4.
Barcelos Figueiredo L, et al. Dengue virus 2 American-Asian genotype identified
during the 2006/2007 outbreak in Piaui, Brazil reveals a Caribbean route of
introduction and dissemination of dengue virus in Brazil. PLoS One. 2014; 9(11).
Osanai CH, et al. Dengue outbreak in boa vista, Roraima. Preliminary report.
Revista Instituto de Medicina Tropical. 1983;25:53-4.

Acosta et al. Dengue virus serotype 4, Roraima State, Brazil. Emerg Infect
Dis. 2011; 17:1979-80.

Nunes MR, et al. Phylogeography of dengue virus serotype 4, Brazil, 2010-
2011. Emerg Infect dis. 2012;18:1858-64.

Campos Rde M, et al. Emergence of dengue virus 4 genotypes Il b and | in
the city of Rio de Janeiro. J Clin Virol. 2013;56:86-8.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

® Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

* Convenient online submission

e Thorough peer review

* Inclusion in PubMed and all major indexing services

* Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

( ) BioMed Central

B R e It



5 Discusséao

5.1 Emergéncia de DENV-4 no RJ durante a co-circulagdo com os demais
sorotipos de DENV entre 2010 e 2012:

O Laboratério de Flavivirus (LABFLA/IOC) do Instituto Oswaldo Cruz, como
Laboratorio Regional de Referéncia de Diagnéstico de Dengue para o Ministério da
Saude, vem apoiando o programa de vigilancia da dengue no estado do RJ, desde a
primeira confirmacdo do caso de dengue em abril de 1986, quando DENV- 1 foi
isolado durante um surto de doenca exantemética no municipio de Nova Iguagu.
Desde entdo, o RJ tem sido de grande importancia na epidemiologia da doenca no
pais, com a introducdo de DENV-2 em 1990 no municipio de Niter6i (Nogueira et al.,
1990) e DENV-3 em 2000, novamente no municipio de Nova Iguacu (Nogueira et al.,
2001; Nogueira et al., 2002). Apesar da introducdo de DENV-4 em Roraima em
2010, e sua disseminacdo para outros estados do pais em janeiro de 2011
(Nogueira, 2011), DENV-1 foi o sorotipo mais prevalente e responsavel por
epidemias com mais de 2 milhdes de casos relatados no Brasil em 2010 e 2011. No
entanto, no RJ, o ano de 2010 foi caracterizado por uma baixa atividade da doenca,
guando comparado com 0s anos subsequentes, com 29.824 notificagbes. Em 2011,
0 numero de casos aumentou em mais de 100% (76.404) e em 2012, mais de 200%
em relacdo a 2010, com 184.123 casos notificacdes (SES/SINAN, 2014).

Em 2010, os casos suspeitos de dengue recebidos pelo Laboratério de
Flavivirus, 10C / FIOCRUZ constituiram 1,6% dos casos relatados no estado. Em
2011 e 2012, 1,4% e 0,6% dos casos relatados no estado de RJ, respectivamente,
foram analisados em laboratorio e essa amostragem refletiu as caracteristicas das
epidemias no estado. A area metropolitana foi responsavel pela maioria dos casos
ocorridos durante o periodo estudado, principalmente nos municipios de Rio de
Janeiro e Niteroi. Esta regido tem uma alta densidade populacional e grande trafego
de pessoas, 0 que explica em parte a concentracdo dos casos estudados (Teixeira
et al., 2008). Outro fator que pode ter influenciado nesses numeros € o fato do
LABFLA receber amostras principalmente destas regides.

Quase metade dos casos suspeitos de dengue analisados no periodo de
2010 a 2012 (47,5%; 1323/2833) foram confirmados utilizando qualquer das

metodologias realizadas para diagndstico da dengue, na rotina do laboratério. Em
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um estudo retrospectivo, a confirmagdo de casos de dengue pelo Laboratério de
Flavivirus, I0C / FIOCRUZ ao longo de um periodo de 25 anos, usando qualquer
dos métodos disponiveis, foi de 33,8% (dos Santos et al., 2013). A investigacédo de
casos suspeitos de dengue entre 2007 e 2013 no Rio Grande do Sul por qualquer
um dos métodos soroldgicos e/ou molecular utilizados, confirmou 21% (2046/9779)
dos casos (Tumioto et al., 2014).

Houve um aumento significativo (p < 0,001) na taxa de confirmacdo desses
casos durante o periodo de estudo, principalmente nos municipios de RJ e Niteroi,
acompanhando o aumento das notificacdes durante todo o periodo no estado. Em
2011, o numero de casos no estado representou 21,6% do numero de casos
notificados no pais.

Apesar da emergéncia de DENV-1 em 2009, este estudo demonstrou que
DENV-2 ainda era o sorotipo prevalente em 2010. A reemergéncia de DENV-1 foi
evidente em 2011, quando este sorotipo foi responsavel por quase metade dos
casos confirmados. Neste ano, observamos o primeiro caso de DENV-4 no estado,
dispersando para todo estado no ano seguinte, caracterizando o maior causador dos
casos de dengue confirmados no nosso estudo no ano de 2012.

Os métodos soroldgicos ainda sao a ferramenta mais util para o diagndstico
da doenca durante as epidemias, como observado desde a sua implantagdo em
1986. Naquele ano, 68,7% dos casos testados por MAC-ELISA foram confirmados
(Nogueira et al., 1988). Dos casos recebidos no LABFLA/IOC entre 2010 e 2012,
32,6% dos casos testados foram confirmados. Em estudo realizado por Macedo et
al. (2013) em casos suspeitos ocorridos entre 2004 e 2008, o teste confirmou 23%
dos casos analisados.

No Rio Grande do Sul, &rea de baixa incidéncia para DENV, o MAC-ELISA foi
a metodologia que mais contribuiu para a investigacdo de casos suspeitos entre
2007 e 2013 (18,9%;1846/9779) (Tumioto el al. 2014).

No nosso estudo, o ano de 2011 apresentou maior percentual de positivos por
MAC-ELISA (37,5%; 231/615), seguido pelo ano de 2012, com 27,2% (111/408) e,
quando houve maior prevaléncia de infeccdo por DENV-4, porém nao houve

diferenca significativa entre as epidemias,
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Na investigacdo de métodos de diagndstico laboratorial para confirmacao de
dengue em Belo Horizonte, durante epidemia ocorrida em 2011, o MAC-ELISA
confirmou 80,4% (100/124) dos casos suspeitos convalescentes investigados
(Ferraz et al., 2013). A confirmacdo de casos por MAC-ELISA pode estar
diretamente relacionada ao periodo de coleta da amostra (Singla et al., 2016;
Peeling, 2017).

Foi possivel identificar a circulacdo dos quatro sorotipos em 33,1% dos casos
analisados no periodo de 2010 a 2012, utilizando o isolamento viral em cultura de
células de mosquito Ae albopictus clone C6/36. Em 2012, comparando aos anos
anteriores, observamos uma diminuicdo na propor¢do de numero de casos
confirmados/testados para isolamento, mesmo ano que observamos a maior
circulacao de DENV-4.

Em Cuiaba, Mato Grosso, nos anos de 2011 e 2012, DENV-4 e DENV-1
foram os sorotipos isolados em 24,8% (150/604) e 3,1% (19/604) dos casos
suspeitos investigados, respectivamente (Heinen et al,. 2015). Este percentual de
isolamento de DENV-4, corrobora o observado na investigacdo de casos inoculados
no Rio Grande do Norte, entre 2010 e 2012, quando 27% (87/1433) dos casos foram
isolados. DENV-4 foi introduzido no RN em 2011 e foi o sorotipo prevalente em 2012
(Branco et al., 2015).

Em 1986/1987, quando foi relatado o primeiro surto de DENV-1, a
porcentagem de isolamento do virus foi de 41,2%. A co-circulacdo deste sorotipo
com DENV-2 em 1990/1991 foi identificada por isolamento viral em 16,7% dos casos
testados. Em 1995/1996 e 1998, DENV-1 e DENV-2 foram isolados em 9,8% e
18,4% dos pacientes, respectivamente (Nogueira et al., 1999). Entre 2004 e 2006, a
baixa atividade de DENV foi caracterizada pela baixa porcentagem de isolamento
viral (0,35 a 1,1%). No entanto, a reemergéncia de DENV-2, resultou em uma maior
porcentagem de isolamento viral em 2007 e 2008 (5,7% e 10%, respectivamente)
(Macedo et al., 2013).

Embora o método de isolamento viral seja considerado o padrao-ouro para o
diagnéstico de dengue, a sensibilidade da deteccdo molecular do genoma viral
oferece uma grande vantagem nos periodos epidémicos, conforme demonstrado

pelos resultados aqui apresentados.
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A RT-PCR permitiu a deteccéo viral em 56,3% dos casos testados no periodo
de 2010-2012, com 91,0% (183/201) de confirmacao. No entanto, é preciso ressaltar
que, a alta taxa de positividade obtida neste estudo pode ser o resultado dos
critérios de selecdo das amostras utilizados em LABFLA / IOC, FIOCRUZ para
realizagcdo de RT-PCR e isolamento viral, que inclui o teste de amostras na fase
febrii aguda (até o 5° dia dos sintomas) e, em muitos casos, previamente
selecionados e positivos para o antigeno NS1. Contudo, estudos anteriores
demonstraram a utilidade da RT-PCR na confirmacdo de casos e na identificacdo do
sorotipo infectante quando o isolamento do virus ndo foi possivel (Miagostovich et
al., 1997; De Paula et al., 2002; dos Santos et al., 2013; Tumioto et al. 2014) ou em
casos negativos para o teste de NS1 (Sea et al., 2013).

Mesmo em regides de baixa circulagéo viral, como no Rio Grande no Sul, que
teve seu primeiro caso autdctone de dengue em 2007, a RT-PCR é uma
metodologia importante para a vigilancia da doenca. Naquele estado, mesmo com
baixa prevaléncia, o método identificou 1,7% (175/9779) dos casos investigados
entre 2007 e 2013, quando comparado a investigacao por isolamento viral (0,25%;
25/9779) (Tumioto et al., 2014).

Na epidemia ocorrida em Belo Horizonte em 2011, a RT-PCR em tempo real
utilizada identificou a co-circulagédo dos quatro sorotipos de DENV, com uma maior
prevaléncia de DENV-1 (73,2%), seguido de DENV-3 (10,1%), DENV-2 (5,8%) e de
DENV-4 (2,9%), recém introduzido. Co-infeccbes por DENV-1/3, também foram
identificadas em dois casos (Ferraz et al., 2013).

Em regibes de circulacdo de outros arbovirus, como o Amazonas, o RT-PCR
também se mostrou de grande importancia para a investigacdo de casos suspeitos
de dengue em 2011. O sorotipo infectante de DENV foi determinado em 38,4%
(260/677) dos casos investigados, sendo DENV-2 o sorotipo predominante
(46.2%;120/260), seguido de DENV-4 (29%; 77/260), DENV-1 (10.0%; 26/260) e
DENV-3 (9.2%; 24/260). O método também permitiu a determinacdo de distintas co-
infeccbes por DENV (DENV-2/4 em 2.3%, DENV-1/4 em 1.9% e DENV-1/2 e DENV-
3/4 em 0,4% dos casos) (Martins et al., 2014).

A introducdo de DENV-4 também foi investigada na Bahia e, casos suspeitos

ocorridos entre 2011 e 2012, foram submetidos ao RT-PCR, que confirmou a
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infeccdo em 43,4% (93/214), sendo 82,2% por DENV-4, 14% por DENV-2 e 3,2%
por DENV-3 (Campos et al., 2015).

A RT-PCR também se mostrou importante na investigacdo de casos de
DENV-4 que estavam sendo subnotificados em Sergipe em 2011 e 2012, devido a
falta de sensibilidade dos testes da captura de NS1 utilizados como método de
triagem (Sea et al., 2013).

Em Cuiab4, o RT-PCR confirmou o sorotipo infectante em 54,8% dos casos
604 investigados entre 2011 e 2014, DENV-1 (n=15), DENV-3 (n=1) e DENV-4
(n=305) foram os sorotipos identificados, assim como co-infeccbes por DENV-
1/DENV-4 (n=9) e DENV-2/DENV4 (n=1) (Heinen et al,. 2015). No entanto, um
menor percentual de positividade foi observado na investigacdo de casos suspeitos
ocorridos no Rio Grande do Norte entre 2010-2012, quando 24,1% (194/804) foram
confirmados por esta metodologia (Branco et al., 2015).

A introducdo e emergéncia de DENV-4, também ficou evidente em um estudo
realizado no Guaruja em S&o Paulo em 2012 -2013, quando 96.2% casos
identificados por RT-PCR, foram por este novo sorotipo (Villabona-Arenas et al.,
2016).

Na Paraiba, a investigacdo de casos suspeitos de entre 2007 e 2015,
identificou, por RT-PCR, DENV-1 como o sorotipo prevalente no periodo, apesar da

co-circulacdo dos quatro sorotipos em 2013 e 2014 (Guerra-Gomes et al., 2017).

A atual situacdo de co-circulacdo de mdultiplos sorotipos de DENV, assim
como de outros arbovirus que compatrtilhar sinais e sintomas semelhantes, com zika
e chikungunya, ressaltam a importancia do diagnostico diferencial laboratorial. No
entanto, diante a reacao cruzada entre os virus de uma mesma familia, com DENV e
ZIKV, meétodos sorolégicos possuem uma limitagdo de uso. Neste sentido, a
utilizacdo da RT-PCR se torna de grande relevancia para o diagnostico destas
infeccoes.

Na triplice epidemia de dengue, zika e chikungunya ocorrida em 2015-2016
no RJ, a técnica de RT-PCR foi de grande importancia na investigacdo de casos
suspeitos das trés arboviroses. Apesar de nenhum caso de DENV ser confirmado, a
infeccdo pelo ZIKV foi identificada em 56,7% e um caso de co-infecgdo de zika e

chikungunya foi reportado (Cabral-Castro et al., 2016).
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O teste de captura de antigeno NS1 € um método sorolégico que permite o
diagnostico precoce de infecgbes por DENV, durante o estagio inicial da doencga,
mesmo em laboratorios com recursos técnicos e equipamentos limitados (Andries et
al., 2012). No LABFLA/IOC, este teste foi introduzido pela primeira vez em 2007 e
avaliado como um método de diagnéstico alternativo, apresentando sensibilidade de
89,6% na confirmacé&o dos casos de DENV 1-3 (Lima et al., 2010).

Em 2008, o Ministério da Saude do Brasil estabeleceu o teste de captura de
antigeno NS1 em unidades de sentinela para identificacdo precoce de casos
suspeitos em varios estados (Souza et al., 2011). No mesmo ano, o ELISA Platelia™
Dengue NS1 Ag-ELISA confirmou 49% (27/55) dos casos analisados em LABFLA /
IOC, FIOCRUZ, no entanto, no nosso estudo, a confirmacédo dos casos foi de 36,5%,
29,8% e 25% em 2010, 2011 e 2012, respectivamente. A menor taxa no ano de
2012, pode ser explicado pelo maior numero de casos de DENV-4 ocorridos naquele
ano. Um estudo realizado durante uma epidemia de DENV-4, demonstrou 15% de
resultados falso negativos para o teste de NS1 e, apontou a necessidade de
avaliacdo desta abordagem para o diagndstico precoce da doenca por este sorotipo
(Colombo et al., 2013).

A avaliacdo de estratégias para o aperfeicoamento da sensibilidade do NS1
ELISA em casos de DENV-4 sera discutida no item 5.2, a seguir.

A introducdo de um novo sorotipo de DENV esta associada a ocorréncia de
grandes epidemias e maior propor¢cao de casos graves, pois existem mais individuos
suscetiveis ao novo sorotipo circulante (Rigau-Pérez et al, 2002; Gibson et al.,
2014). Devido a falta de informacdo sobre os registros de alguns pacientes, a
classificacdo dos casos de acordo com 0s novos critérios da OMS (2009) néo foi
possivel. Neste estudo, a hemorragia, o choque, o aumento dos niveis de
transaminases e o envolvimento do sistema nervoso central foram considerados
para a classificacdo do caso grave.

De 2010 a 2012, 6,9% dos casos confirmados foram classificados como
casos graves de dengue e nossa observagao corrobora os relatos para o estado do
RJ, onde observou-se uma diminuicdo no numero de casos graves durante uma

epidemia causada principalmente por DENV-4.
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Nossos resultados sugeriram um risco significativamente maior de
desenvolver doencas graves entre as criangas de 15 anos ou menos em 2010 e
individuos com mais de 65 anos de idade em 2011, enquanto que, em 2012, quando
houve um predominio de DENV-4, observamos uma distribuicdo mais homogénea
entre as faixas etarias.

A maior confirmacdo de caso fatal neste estudo, foi observada em 2011,
guando houve uma circulacdo prevalente de DENV-1 no estado. Apesar disso, um
namero crescente de Obitos por infeccdo secundaria e devido ao DENV-2 foram
relatados. No entanto, também foi descrito um aumento de 6bitos por infeccédo
primaria.

Estudos prévios apontaram que DENV-2 tem sido o sorotipo mais
frequentemente associado com casos mais graves da doenca (Guzman et al., 2002;
Balmaseda et al., 2006), seguido de DENV-1 e DENV-3 (Harris et al., 2000; Messer
et al., 2003; Guzman et al., 2006; Balmaseda et al., 2006). DENV-4, por outro lado,
tem sido associado a quadros clinicos mais brandos, no entanto, jA houveram
relatos de doenca grave e fatal (Lorofio et al., 1993; Nisalak et al., 2003; Kumara,
2010; Cecilia et al., 2011; Amancio et al. 2014). De fato, DENV-4 tém sido
associados com um aumento na gravidade da doenca quando ocorre durante a
infeccdo secundaria (Vaughn et al., 2000; Nisalak et al., 2003; Balmaseda et al.,
2006). Neste estudo, apesar de uma diminuicdo no numero de casos fatais em 2012
guando DENV-4 foi prevalente, 6bitos ainda ocorreram.

Foi a primeira vez que o0s quatro sorotipos DENV foram relatados
simultaneamente pela primeira vez no RJ, no entanto, uma das limitagdes do estudo
foi o baixo nimero de casos DENV-3 identificados durante o periodo.

Apés a introdugdo do novo sorotipo no pais, estudos realizados em outros
estados, também relataram a co-circulacdo dos quatro sorotipos de DENV (Andrade
et al., 2016; Dutra et al., 2017; Guerra-Gomes et al., 2017) que podera resultar em
uma situacdo hiperendémica, principalmente nos centros urbanos do pais
(Villabona-Arenas et al., 2014). Ressalta-se ainda que, este fato pode levar a co-
infecg@o por distintos sorotipos (Ferraz et al., 2013; Martins et al., 2014; Heinen et
al., 2015; Andrade et al., 2016; Dutra et al., 2017).
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A dengue tornou-se um grande problema de saude publica no RJ devido a
muitos fatores, como a susceptibilidade do hospedeiro humano, emergéncias e re-
emergéncias, com circulacéo alternada de sorotipos, alta infestacdo de mosquitos e
fatores ambientais. Nesse cenario, também se tornou evidente que o diagndstico
laboratorial tem um papel importante na vigilancia da doenga, tanto em periodos
interepidémicos quanto em epidemias, atuando preventivamente como ferramenta
para a deteccdo precoce de casos de suspeitos. Ficou demonstrado neste estudo
gue, as emergéncias ou re-emergéncias dos distintos sorotipos virais, pode impactar
de maneira distinta na epidemiologia da doenca, especialmente quando mdultiplos

sorotipos co-circulam.

5.2 Estabelecimento de uma estratégia para o aperfeicoamento da
sensibilidade do teste de captura de NS1 para o diagndstico precoce de DENV-

4 e analise da sensibilidade em um estudo prospectivo realizado no RJ

Em casos de DENV-4 recebidos no periodo de 2011-2013 no LABFLA/IOC e
previamente confirmados por isolamento e/ou RT-PCR, foi demonstrado que,
inicialmente, a taxa de deteccdo do teste de captura de NS1 ELISA Platelia™ foi de
46,9%, menor do que a relatada para DENV-4 (89,6%) em pacientes da Guiana
Francesa (Dussart et al., 2006) ou em amostras de diferentes paises (67-91%)
(Guzman et al., 2010).

Em Roraima, resultados falso-negativos no teste de captura de NS1 ELISA
Platelia™ foram observados em infeccdes por todos os sorotipos de DENV. No
entanto, um maior percentual de falso negativos (75%) foi reportado para casos de
DENV-4 (Acosta et al., 2014). Estas observacbes corroboram aquelas da
investigacdo de casos suspeitos de dengue em Sergipe em 2011 e 2012, quando
48,7% de amostras negativas para o teste da captura de NS1, foram caracterizadas
como DENV-4 por RT-PCR (Sea et al., 2013).

Neste estudo, maiores taxas de confirmacdo de dengue foram observadas
quando os resultados do teste de NS1 foram combinados com os obtidos pelo
isolamento viral ou RT-PCR. O teste de captura de NS1 mostrou uma sensibilidade
progressivamente aumentada analisando-se amostras coletadas a partir do dia O
(51,6%) até o dia 3 (68%, sensibilidade maxima), antes de diminuir gradualmente

para 38,2%, quando amostras coletadas no dia 7 apds o inicio dos sintomas foram
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avaliadas. Além disso, uma maior positividade foi observada em casos de infec¢des
primarias quando comparadas as secundérias (p = 0,001), corroborando outros
estudos (Koraka et al., 2003; Kosasih et al., 2013; Allonso et al., 2014; Hermann et
al., 2014).

O Brasil vive atualmente, uma situacdo de hiperendemicidade, com a co-
circulagdo dos quatro sorotipos de DENV, e consequentemente a ocorréncia, cada
vez maior de casos de infec¢bes secundarias. De fato, a menor sensibilidade dos
testes de captura de antigeno NS1 em casos de infeccdo secundaria por DENV-4
observadas neste estudo, vem sendo relatada em outras andlises (Sea et al., 2013;
Colombo et al., 2013; Buonora et al., 2017).

Titulos elevados do anticorpo IgG no soro de pacientes positivos para DENV-
4 que obtiveram resultados negativos para a deteccdo de NS1 foram observados.
Neste contexto, anticorpos de uma infec¢do prévia, podem formar imunocomplexos
(antigeno NS1-anticorpo) durante infec¢des secundarias (1), justificando assim uma
menor captura da proteina, nestes casos. Desta forma, estratégias para a
dissociacao destes imunocomplexos foram avaliadas neste estudo.

Um tratamento acido realizado em amostras de soro de pacientes infectados
com HIV-1 resultou no aumento da sensibilidade de um ELISA de deteccdo da
proteina p24 de HIV-1. No entanto, uma simples dissociacéo térmica, resultou no
aumento desta mesma sensibilidade (Schupbach et al., 1996).

A realizacdo de um processo de dissociacdo por tratamento acido realizado
em soros de pacientes da Indonésia, aumentou consideravelmente a sensibilidade
na detecgdo da glicoproteina NS1 em casos de infecgdo priméria e secundaria, de
64 para 91% e 22% para 93%, respectivamente (2). Em um estudo subsequente
realizado na Tailandia, a sensibilidade do Platelia NS1 ELISA aumentou de 63,2%
para 72%, quando as amostras de soro dos pacientes foram submetidos ao mesmo
processo de dissociacao por tratamento acido (3).

No nosso estudo, a sensibilidade de deteccdo da NS1 aumentou
significativamente de 54,4% (124/228) para 77,2% (176/228), apds os soros dos
pacientes com infeccéo primaria por DENV-4 serem submetidos a dissociacédo acida
e para 82% (187/228), depois de terem sido submetidos a dissociacdo térmica.

Como esperado, a sensibilidade de deteccao utilizando as amostras de soro dos
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pacientes com infeccdo secundaria por DENV-4 também aumentou
significativamente, de 39,0% (93/228) para 63,9% (152/238), apdés a dissociacdo
acida e para 73,1% (174/238) apos dissociacdo térmica.

A avaliacdo do teste de Platelia™ para deteccdo de NS1 demonstrou baixa
sensibilidade no diagnéstico precoce de casos de DENV-4. No entanto, a utilidade
da dissociacao térmica para o aumento da sensibilidade do teste de captura de NS1,
tanto em casos de infecgcbes primaria quanto secundarias por DENV-4 foi
demonstrada e constitui um método ideal, uma vez que pode ser realizada mais
rapidamente do que o método de dissociacdo acida e sem a necessidade da
utilizacao de tampdes adicionais.

A sensibilidade do teste de captura de NS1 também foi avaliada em um
estudo prospectivo. Durante a epidemia de dengue de 2013 no RJ, pacientes
adultos elegiveis que se apresentaram em uma unidade publica ambulatorial dentro
de 72h apo6s o inicio da febre e posteriormente confirmados com infeccdo por DENV-
4 foram recrutados e amostra de soro coletada. Nesta populacdo, a sensibilidade
geral do teste de NS1 em casos de DENV-4 foi de 47,8%, semelhante aos 46,6%
obtidos no estudo anterior, mas inferior & sensibilidade de 58% obtida por Costa et al
(2014).

As diferencas nas sensibilidades em infec¢des primarias e secundarias neste
caso, antes da dissociacdo térmica, foram significativamente diferentes 80,9% e
42,0%, respectivamente. No entanto mesmo influenciando na sensibilidade das
infecgbes secundarias, esta ainda foi considerada baixa.

Uma das importancias deste estudo é que, por ter sido realizado
prospectivamente, as amostras foram clinica e laboratorialmente bem
caracterizadas, coletadas durante um unico surto, em uma unidade ambulatorial e

cenario epidemiolégico real, diferente das avaliagdes com painéis amostrais.

5.3 Alteragdes clinicas e laboratoriais de casos de DENV-4 em comparacao

a casos de DENV-2 relacionadas a gravidade da doenga

Os anos de 2010 e 2013 caracterizaram-se por duas das maiores epidemias
de dengue relatadas no pais, quando cerca de 1 e 1,4 milhdo de casos foram
relatados, respectivamente. Além disso, apesar da introducdo de DENV-4 em 2010,
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este sorotipo prevaleceu em 2013 e foi responsavel principalmente pelos casos
brandos (SVS/MS, 2014).

No nosso estudo realizado no municipio de Campos dos Goytacazes, regido
norte do estado do RJ, a infeccdo por dengue foi confirmada em 61,4% (94/153) de
casos suspeitos ocorridos em duas epidemias distintas em 2010 e 2013, com a
circulacdo de DENV-2 e DENV-4, respectivamente, e caracteristicas hematologicas
e bioquimicas distintas.

De acordo com os critérios da OMS de 2009, os pacientes foram classificados
como DsSA (60,6%, 57/94), DcSA (30,9%, 29/94) e DG (2,1%, 2/94). Em 2010,
quando DENV-2 foi o sorotipo prevalente, o numero de hospitalizacbes (45,8%) foi
maior do que durante a epidemia de 2013 (22,9%), corroborando com estudos
prévios. Foi demonstrado que as infec¢cdes causadas por DENV-2 e DENV-3 sao
duas vezes mais propensas a resultar em uma doencga mais grave do que a infeccao
por DENV-4 (Fried et al., 2006; Nunes et al., 2016; Rodriguez-Roche et al., 2016).

A maioria das internacdes (80,8%, 21/26) ocorreu na fase aguda da doenca,
entre o 1° e 7° dia apds o inicio da doenca e 96,2% (25/26) e foram devidas a
DCSA/DG. Considerando a situacdo epidemioldgica do pais, a caracterizacdo da
resposta imune € importante, pois as infeccbes secundéarias também estédo
relacionadas a uma doencga mais grave (Halstead, 2007; Dutra et al., 2016). De fato,
neste estudo, 81,9% (77/94) de pacientes apresentaram infec¢cdo secundaria por
dengue e, uma alta prevaléncia de infec¢cdes secundarias no pais foi relatada em
altas proporgdes anteriormente (Nogueira et al., 2002; Guilarde et al., 2008; Honorio
et al., 2009).

Ao comparar 0os parametros hematolégicos em pacientes com dengue deste
estudo, observou-se que, independentemente do seu estado clinico, os pacientes da
epidemia de 2010, causados principalmente por DENV-2, apresentaram menor
contagem de plaquetas do que os pacientes do ano de 2013, causados
principalmente por DENV-4. Foi observado que casos de DENV-2 apresentaram
uma trombocitopenia mais grave do que DENV-4, corroborando o estudo por
Thomas et al. (2008), que realizaram um estudo retrospectivo comparando sinais e

sintomas de pacientes infectados com diferentes sorotipos de DENV.
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A trombocitopenia é uma caracteristica comum em pacientes com infeccao
sintomética por DENV (Deepanjali et al., 2015). Varias hipoteses foram formuladas
para elucidar os possiveis mecanismos responsaveis pela trombocitopenia na
dengue. Murgue et al. (1997) sugeriram que o DENV afeta as células progenitoras
da medula 6ssea inibindo sua funcdo. Outro estudo relatou que o virus indiretamente
diminui a capacidade proliferativa das células hematopoiéticas (Thomas et al., 2008).
De fato, ha evidéncias de que DENV induziu hipoplasia da medula 6ssea na fase
aguda da doenca e estudos in vitro demonstraram que DENV-4 se replica em
células progenitoras da medula 6ssea humana, alterando sua capacidade
proliferativa (Nakao et al., 1989; Tsai et al., 2011).

Outros estudos relataram que a infeccdo por DENV induz a queda e
plaguetas devido ao aumento da destruicdo pelo sistema do complemento, intensa
liberacdo de citocinas e apoptose. Além disso, 0 envolvimento de anticorpos
antiplaquetarios também foi demonstrado (Lin et al., 2006; Hottz et al., 2013; Piza et
al., 2017).

Nas epidemias de 2010 e 2013, a leucopenia foi observada em pacientes com
dengue em comparacdo com casos de outras doencas febris (ODF). A analise de
leucocitos de acordo com a classificacdo clinica, independentemente do ano
epidémico, mostrou diminuicdo da contagem em pacientes com DcSA/DG em
comparacdo com DsSA, porém sem diferencas significativas. Na fase inicial da
doenca, em infeccbes primarias e secundarias, uma diminuicdo na contagem de
leucécitos e aumento de linfécitos atipicos pode estar relacionada a supressdo de
células progenitoras a partir da medula 6ssea (Jameel et al., 2012).

O envolvimento do figado € uma das caracteristicas da infecgdo por DENV.
As alteractes hepdticas, incluindo a hepatomegalia e 0 aumento das transaminases,
foram descritas em ambos os casos de dengue e febre hemorragica da dengue
(Nguyen et al., 1997; Trunget al., 2010; Trung et al., 2012). Na DG, a ocorréncia de
insuficiéncia hepatica fulminante foi a causa da morte em criangas (Roy et al., 2013).
Mecanismos de danos no figado podem estar relacionados aos efeitos diretos do
virus ou como consequéncia da resposta imune do hospedeiro, levando a
insuficiéncia circulatoria, acidose metabdlica, hipotenséo, hipoxia e/ou vazamento
vascular (Itha et al., 2005).
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Nossos resultados mostraram que 41,5% (39/94) dos pacientes apresentaram
niveis de transaminases acima do normal, e desses, 51,3% (20/39) eram pacientes
com DcSA/DG. As variacdes nos niveis de transaminases durante a dengue nao sao
totalmente compreendidas. Neste estudo, ndo houve diferencas estatisticas
significativas nos niveis de AST/ALT entre epidemias.

O reconhecimento das diferencas hematolégicas e bioguimicas entre
pacientes com dengue e outras doencas é de grande importancia na identificacdo de
pacientes que podem desenvolver doenca grave. A fase clinica inicial da dengue é
muitas vezes confundida com outras doencas febris, gerando ddvidas no momento
do abordagem clinica e vigilancia da doenca. No entanto, as diferencas
hematoldgicas e os niveis de citocinas podem ser utilizados como uma ferramenta
precoce para diferenciar dengue de outras doencas febris (Tanner et al., 2008; Piza
et al., 2017). Além disso, também foi demonstrado que a previsao do possivel inicio
da trombocitopenia € possivel usando algoritmos (Tanner et al., 2008).

Ao comparar os dados analisados neste estudo, fica evidente uma diferenca
nos achados hematoldgicos e bioquimicos entre pacientes infectados com DENV-2 e
DENV-4, além de diferencas formas clinicas da doenca entre infec¢cdes de DENV-
1/2 e DENV-4. O reconhecimento desses parametros ajuda a garantir que medidas
de suporte possam ser tomadas para prevenir o aumento da morbidade e
mortalidade por dengue. No entanto, estudos adicionais sdo necessarios para um
melhor conhecimento dos fatores que podem afetar o manejo dos pacientes durante
as epidemias de dengue, especialmente em &reas tropicais onde 0s recursos
médicos sdo deficientes e onde tais epidemias podem gerar grandes impactos

econdmicos.

5.4 Aspectos clinicos, epidemiolégicos e laboratoriais de casos
confirmados de DENV-4 ap6s a sua introducdo em area endémica do RJ e

genotipagem das cepas isoladas

Em 2011, o primeiro isolamento de DENV-4 no RJ de casos ocorridos no
municipio de Niteroi, resultou na emergéncia deste sorotipo no estado em 2012. No
mesmo ano, mostrou-se, pela primeira vez, a co-circulagdo dos quatro sorotipos de
DENV no estado, no entanto, nos anos de 2012 e 2013, DENV-4 foi responsavel

pelo maior nimero de casos.
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Seguindo-se a introdugcdo de DENV-4 no RJ, neste estudo, foram analisados
casos suspeitos de dengue (n=3727) ocorridos entre 2011 e 2013. Neste cenario,
visou-se entdo, caracterizar o tipo de infec¢do, gravidade da doenca, viremia e
antigenemia de NS1 dos casos de DENV-4 (n=705) ocorridos em uma regiao
endémica para a doenga.

De fato, neste estudo, DENV-4 representou 44,2% (705/1.593) dos casos
confirmados por isolamento viral e/ou RT-PCR.

IgM anti-DENV foi detectado em 39,4% dos casos e o0 baixo percentual de
confirmagéo foi, provavelemente, devido a natureza aguda dos casos selecionados
para analise. Para caracterizacdo do sorotipo infectante por RT-PCR e/ou
isolamento viral, os casos sdo analisados até 7 dias ap0s o inicio dos sintomas,
onde h& a viremia. De fato, durante periodos epidémicos, 0os casos analisados por
estas metodologias, sdo aqueles, preferencialmente até o quarto dia apds a febre,
para uma maior probabilidade de confirmacdo. No entanto, quando a analise de IgM
considerou casos com = 4 dias, a taxa de deteccdo do MAC-ELISA foi de 57,0%.

O antigeno NS1 foi identificado em 41,5% dos casos de DENV-4, no entanto,
apos a dissociacdo térmica, a deteccdo aumentou significativamente (87,6%). A
baixa sensibilidade dos testes de NS1 para o diagnostico de DENV-4 foi
extensivamente discutido no item 5.2 e abordada em varios estudos prévios (Dussart
et al., 2006; Guzman et al., 2010; Sea et al., 2013; Amancio et al.,2014, Acosta et
al., 2014), assim como o aumento desta, apos a desnaturacdo dos imuno-complexos
(Lima et al., 2014; Buonora et al., 2017).

Mulheres e criangas menores de 15 anos foram mais acometidas por DENV-4
e, devido a recente introducdo deste sorotipo no estado em 2011 (Nogueira &
Eppinhaus, 2011), infecgBes priméarias foram mais frequemente observadas do que
secundarias e classificadas como dengue sem sinais de alerta. Conforme discutido
previamente, DENV-4 € um sorotipo que tem sido associado a quadros clinicos mais
brandos, apesar da possibilidade de ocorréncia de doenca grave e fatal (Nisalak et
al., 2003; Kumara, 2010; Cecilia et al., 2011; Amancio et al. 2014).

Em nosso estudo a hemorragia, o choque, o aumento dos niveis de
transaminases e o envolvimento do sistema nervoso central foram considerados

para classificacdo de casos graves. No estudo, 3,2% dos casos confirmados por
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DENV-4 foram classificados como dengue grave e 12,8% como dengue com sinais
de alerta. Observamos que, a dor abdominal € um sinal de alerta importante em
relacdo a evolucdo da doenca e que pode ajudar no manejo correto do paciente e,
assim, evitando aumento da gravidade e desfecho fatal. A inclusdo dos sinais de
alerta, como dor abdominal, na nova classificagdo de casos de dengue proposta
pela OMS (2009) teve como objetivo a otimizacdo da abordagem clinica dos casos
e, enfatiza o reconhecimento destes sinais como um marcador de risco para a
evolucdo do caso para um quadro mais grave. De fato, dor abdominal tem sido um
marcador indicativo de agravamento do caso em adultos e criangas (Wichmann et
al., 2011, Giraldo et al., 2011; Tomashek et al., 2012; Correa et 2016).

Além disso, estudos ja demonstraram que a nova classificacao é facil de ser
aplicada e pode ser utilizada prospectivamente (Barniol et al., 2011; Horstick et al.,
2014). Devido ao pequeno numero de casos graves disponiveis neste estudo, ndo
foi realizada analise estatistica sobre a gravidade da doenca.

Apesar de uma maior frequéncia de casos graves em maiores de 65 anos,
nao foram observadas diferencas significativas entre os grupos analisados e tipo de
infeccéo.

Estudos prévios demonstram que os niveis de NS1 no inicio da infec¢éo por
DENV, além da alta viremia, podem estar associados a patogénese da doenca
(Libraty et al., 2002; Simmons et al., 2012; Muller and Young, 2013; Puerta-Guardo
et al., 2016). Porém, no nosso estudo, a antigenemia de NS1 em casos de DENV-4,
ndo mostrou diferencas entre os niveis de NS1 de dengue sem sinais de alerta,
dengue com sinais de alerta ou dengue grave, dados que corroboram com estudos
anteriores (Allonso et al.,, 2014). Também n&o foram observadas diferencas
significativas entre a viremia em dengue classico e casos graves, 0 que nao
corroborou estudos anteriores analisando outros sorotipos (Vaughn et al., 2000; de
Araujo et al., 2002; Endy et al., 2004). Porém, a mesma falta de associagédo entre
uma alta viremia e antigenemia foi descrita em um estudo com criangas com dengue
brando e grave. As criancas apresentando infecdo priméaria apresentaram alta
viremia e antigenemia, contudo estes parametros ndo foram associados a gravidade

clinica (Perdomo-Celis et al., 2017).
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Uma limitacdo do presente estudo foi o pequeno tamanho da amostra de
casos graves. Além disso, a colecdo de amostragem representa a primeira visita do
paciente a unidade de saude e a informacao sobre sua progressao para uma doenca
mais grave nao se encontra disponivel.

Neste estudo, Obitos em casos de DENV-4 (n=14) foram confirmados no
periodo estudado, sem diferenca significativa entre os grupos relacionados, pois o
namero amostral foi pequeno. Apesar disso, foi observado que os casos fatais por
DENV-4 foram mais frequentes em casos de infeccdo secundaria (57,1%). A
ocorréncia de casos graves e fatais durante infec¢cdes secundérias, apoiam o papel
do ADE e da teoria do “pecado original” na patogenia das infec¢des pelos DENV
(Sangkawibha et al., 1984; Screaton et al., 2015).

Cepas representativas de DENV-4 isoladas de 2011 a 2013, ap6s a
introducé@o do sorotipo e dispersdo no RJ, foram parcialmente sequenciadas neste
estudo, e a analise filogenética demonstrou que elas pertencem ao gendétipo Il,
apesar da descricdo no estado, dos genatipos | e Il (Campos et al., 2013). Com base
em estudos prévios, o tamanho da amostragem selecionado aqui, é confiavel para
esta analise, considerando a duracdo da epidemia, o local e a caracteristica de baixa
mutacao de DENV (De Araujo et al., 2002; Temporéo et al., 2011).

As cepas do gendtipo Il de DENV-4 isoladas durante o surto de 1982 em
Roraima, no norte do Brasil, ndo se dispersaram para 0os demais estados naquela
ocasido (Osanai et al., 1983). No entanto, este gendtipo foi mais uma vez detectado
em Roraima em 2010, circulando pela América Central, Nordeste da América do Sul
e Caribe (Acosta et al., 2011).

De acordo com Temporédo et al. (2011), essas cepas do gendétipo Il eram
geneticamente distintas das isoladas na década de 1980 em Roraima, e
demonstraram uma origem provavel a partir da Venezuela e da Colémbia. No
entanto, Nunes et al. (2012) analisando sequéncias completas e parciais de DENV-4
isoladas no Brasil, identificaram a circulag@o de dois genotipos (I e I1) distintos.

O gendtipo Il é o mais comumente observado circulando no Caribe e América
do Sul, incluindo o Brasil (de Souza et al., 2011; Nunes et al., 2012; Martins et al.,
2014; Branco et al, 2015; Villabona-Arenas et al., 2016; Ramos-Castafieda et al.,
2017).
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O gendtipo |, por outro lado, é representado por cepas isoladas no Norte,
Nordeste e Sudeste do Brasil, com relagdo evolutiva com cepas asiaticas (Melo et
al., 2009; Campos et al., 2013; Pinho et al., 2015). Uma vez que o gendtipo Il esta
circulando nas Américas por mais de duas décadas, a presenca do genétipo | de
DENV-4, foi de certa forma, inesperada

Apesar da importancia da distribuicdo de DENV-4, ainda pouco se sabe sobre
0 padrao de disperséao e evolucao deste virus e estudos acerca deste sorotipo, ainda
sdo necessarios. Diante da complexidade da doenca, na qual, fatores clinicos,
epidemiologicos e virais podem estar envolvidos na patogénese, a vigilancia
continuada dos diferentes sorotipos e gendtipos, principalmente em &reas
hiperendémicas, como as encontradas no Brasil, se torna de grande importancia

epidemioldgica para o conhecimento do impacto destes, sobre a populacao.
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CONCLUSOES

e DENV-4 emergiu no RJ em 2010 durante uma epidemia de DENV-1,
caracterizando um periodo de co-circulacdo dos quatro sorotipos, reportado
pela primeira vez no estado;

e Mesmo introduzido em uma populacdo suscetivel, DENV-4 foi responsavel
tanto por infe¢cbes primarias quanto secundarias e as secundarias ndo foram
associadas a casos graves.

e O teste de NS1 apresentou uma baixa sensibilidade na confirmacao de casos
de DENV-4, tanto em uma avaliagdo quanto em estudo prospectivo, no
entanto, a adicdo de uma etapa de dissociacdo térmica nas amostras,
melhorou significativamente a sensibilidade do teste, principalmente nos
casos secundarios.

e Em Campos dos Goytacazes, RJ, um maior numero de hospitalizacGes foi
reportado durante a epidemia de 2010 quando DENV-2 circulou, quando
comparado ao ano de 2013, quando DENV-4 foi prevalente e associado a
casos mais brandos;

¢ Diferencas hematoldgicas e bioquimicas foram observadas nas infeccées por
DENV-2 e DENV-4. Onde, pacientes infectados por DENV-2 apresentaram a
contagem de plaquetas menores do que os por DENV-4 e este parametro
pode estar relacionado com um quadro mais grave da doenca;

e N&o houve diferenga significativa entre DENV-2 e DENV-4 em relagdo a
contagem de leucécitos, porém pacientes com DCSA apresentaram menor
contagem do que aqueles de DSSA;

e Durante a epidemia de DENV-4 ocorrida em area endémica em 2012- 2013,
um baixo numero de casos graves foi reportado, apesar do elevado niumero
de infec¢des secundarias;

e A dor abdominal foi considerado um marcador importante em relacdo a
evolucdo da doenca, apesar do reduzido numero de casos de DCSA
analisados neste estudo;

e Nao foram observadas diferencas na antigenemia de NS1 e viremia de casos
de DENV-4, quando casos sem gravidade foram comparados a casos mais

graves da doenga;
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¢ A maioria dos 6bitos por DENV-4 ocorridos durante a epidemia de 2012-2013

foram observados na infec¢cdo secundaria, ressaltando o cenario endémico do
RJ;

e Apesar da descricao prévia dois genotipos de DENV-4 no RJ, o gendtipo 1l foi

0 Unico identificado nas cepas analisadas neste estudo.
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8 ANEXOS

8.1 Artigo 1: A review on dengue diagnosis and epidemiology by a regional reference

laboratory from 1986 to 2011, Rio de Janeiro, Brazil.
Situacdo do manuscrito: Artigo publicado no Dengue Bulletin

Referéncia: Flavia Barreto dos Santos, Ana Maria Bispo de Filippis, Eliane Saraiva
Machado de Araudjo, Monique da Rocha Queiroz Lima, Fernanda de Bruycker
Nogueira, Nieli Rodrigues da Costa Faria, Jaqueline Bastos Santos Simdes, Simone
Alves Sampaio, Priscila Conrado Guerra Nunes, Manoela Heringer da Silva, Dinair

Couto Lima, Rita Maria Ribeiro Nogueira

8.2 Artigo 2: Biosseguranca em transporte de material biolégico no ambito nacional:

um guia breve
Situagao do manuscrito: Publicado em Rev Pan-Amaz Saude

Referéncia: Caio Augusto Martins Aires, Carlos Felipe Machado de Araujo, Mauricio
Lisboa Nobre, Leonardo Alves Rusak, Ulisses Gongalves de Assis, Diego Camilo
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Moyra Machado Portilho, Maria Eveline de Castro Pereira, Maria de Nazaré Correia
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Situagdo do manuscrito: Publicado em Advances in Medicine and Biology.
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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
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 (tRT-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. 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, 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.

Keywords: Brazil; Dengue virus; Diagnosis; Epidemiology.
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Biosafety in transportation of biological material at national level: a brief guide

Bioseguridad en transporte de material biolégico en dmbito nacional: una guia breve
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Frequentemente as amostras biolégicas precisam ser transportadas a partir do momento de sua coleta até a anélise
final. Este processo pode ocorrer dentro de uma Unica instituicio ou entre diferentes instituices na mesma cidade,
podendo também ser direcionado para outros estados e paises. Isto implica, muitas vezes, na utilizagdo de diferentes
tipos de transporte (terrestre, fluvial ou aéreo) no envio deste material. Nas etapas podem ocorrer situagoes de risco,
considerando a natureza do material transportado e as possiveis consequéncias, em caso de acidentes, durante
o deslocamento. Neste sentido, este breve guia tem o objetivo de esclarecer acerca dos regulamentos, normas e
diretrizes relacionados ao transporte de material biolégico no Gmbito nacional.

Palavras-chave: Biosseguranca; Transporte de Contaminantes; Exposicdo a Agentes Biolégicos.

INTRODUGCAO

O transporte de amostras biolégicas é realizado
para diversos fins, como pesquisa, ensino ou
diagnéstico, em niveis nacional e internacional’. Estudos
demonstram que, quando hé necessidade de que os
ensaios sejam realizados em lugares afastados do local

de coleta, o transporte e armazenamento dos espécimes
clinicos tornam-se varidveis importantes, que podem
afetar a viabilidade e a fungéo dos componentes da
amostra. O efeito da temperatura dentro da embalagem
e o tempo entre a coleta e o processamento da amostra
podem resultar na deterioragdo do material e acarretar
possiveis erros nas andlises amostrais?®,

Além disso, perdas na sensibilidade de testes para a
deteccdo de micro-organismos em geral podem ocorrer
em transportes inadequados, quando comparados a
transportes realizados de maneira apropriada®. Dando
suporte a estes achados, outros estudos reportam a
degradacdo de material genético viral presente em
amostras de sangue, quando exposto a temperaturas
inadequadas®.
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