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RESUMO

O dengue tem se apresentado como um grave problema de satde publica no Brasil, razéo pela
qual, vérios estudos tém sido realizados com o intuito de esclarecer aspectos da
epidemiologia dessa doenca em diferentes localidades, com historias distintas de circulagédo
dos diferentes sorotipos dos virus dengue (DENV). A implantacdo de um Programa de
vigilancia entomoldgica e virologica e, que desde 1986 visa detectar e monitorar a circulacao
dos sorotipos e gendtipos DENV, resultou em distintas oportunidades, no isolamento de
amostras de DENV de vetores e de casos humanos permitindo a caracterizacdo molecular e a
andlise filogenética, fornecendo informacles relevantes para a compreensdo da interacdo
vetor- virus- humanos. O entendimento da variacdo genética no virus quando este replica em
mosquitos, e como essas variagcdes atuam durante a transmissdo entre humanos e mosquitos
permanecem desconhecidos. Portanto, visando contribuir para um melhor conhecimento dos
DENV e sua interagdo com o mosquito vetor, realizamos neste trabalho, a caracterizacdo
molecular e andlise filogenética de DENV isolados de mosquitos naturalmente infectados e
de casos humanos, provenientes de epidemias ocorridas entre 1986 e 2011 no Brasil. Foi
demonstrado que os métodos moleculares foram fundamentais por facilitarem a répida
identificacdo dos virus e consequentemente 0 monitoramento dos genotipos circulantes. A
RT-PCR para a triagem de DENV em vetores se mostrou uma ferramenta atil para a
vigilancia virologica, com taxas de deteccdo que variaram de 0,78% a 25% no periodo
estudado. A andlise filogenética dos DENV-1 isolados de mosquitos e humanos mostrou que
0 gen6tipo V (Américas/Africa) continua o mesmo circulante desde a sua introducio, porém
foi demonstrada a co-circulagdo de duas novas linhagens (Il e 111) no periodo de 2009 a 2011.
O sequenciamento do genoma completo de DENV-3 isolado a partir de Ae. aegypti
naturalmente infectados no Rio de Janeiro (RJ), assim como a analise da regido 3"NC de virus
isolados em mosquitos e humanos, caracterizou estes virus como pertencentes ao Glll e
revelou a presenca de insercfes e delecdes na regido 3'NC do genoma. As delecGes
observadas na regido 3"NC resultaram em estruturas secundarias porém nem todas as cepas
com inser¢Oes nesta regido apresentaram estrutura similar substituicGes exclusivas a cepa de
DENV-3 isolada em mosquito foram observadas no gene NS5, incluindo a substituicdo que
resultou na formagdo de um codon de terminagdo. O teste comercial Simplexa™ Dengue
Real Time RT-PCR, disponivel recentemente, foi utilizado pela primeira vez para deteccao
dos DENV e se mostrou um método molecular alternativo para as vigilancias entomoldgica e
viroldgica. O RT-PCR em Tempo Real possibilitou, pela primeira vez, a quantificacdo de
DENV-1 e DENV-4 em fémeas individuais naturalmente infectadas (1,6 x 10* copias/mL e
1,08 x 10° copias/mL, respectivamente). Considerando-se o elevado indice de infestacdo por
Ae. aegypti em todo o pais, o estudo da caracterizacdo dos DENV circulantes torna-se de
grande importancia no conhecimento da relacdo virus-vetor pela analise da variabilidade
geneética, dispersao e persisténcia de genotipos durante a transmissao destes virus.
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ABSTRACT

Dengue has been a major public health problem in Brazil with several studies performed
aiming to elucidate the disease epidemiology in geographically distinct areas with different
dengue viruses (DENV) circulation. The establishment of an entomological and virological
program since 1986 with the objective of detecting and monitoring DENV serotypes and
genotypes resulted in distinct opportunities in DENV isolation from vectors and human
cases, allowing the molecular characterization and phylogenetic analysis, providing
relevant information for the understanding of the vector-virus-humans interactions. The
understanding of the virus genetic variability when it replicates on mosquitoes and how
those variations act during the transmission between humans and mosquitoes is not fully
understood. Therefore, aiming to contribute for a better understanding of DENV and its
interactions with the mosquito vector, we performed in this study the molecular
characterization and phylogenetic analysis of viruses isolated from naturally infected
mosquitoes and human cases, from epidemics occurred between 1986 and 2011 in Brazil. It
has been shown that the molecular techniques were essential for allowing the rapid
identification of the viruses and consequently the monitoring of the circulating genotypes.
The RT-PCR for DENV screening in vectors has shown to be a useful tool for the
virological surveillance, with detection rates varying from 0.78% to 25% in the studied
period. The phylogenetic analysis from DENV-1 isolated from mosquitoes and human
cases showed that genptype V (America/Africa) is still the same genotype circulating since
this serotype introduction, however it was demonstrated the co-circulation of two distinct
new viral lineages (Il and I11) from 2009 to 2011. The complete genome sequencing of a
DENV-3 isolated from naturally infected Ae. aegypti in Rio de Janeiro (RJ) and the
analysis of the 3'UTR region from viruses isolated from mosquitoes and humans, has
characterized those viruses as belonging to genotype 111 (GlII) and revealed the presence of
insertions and deletions in the 3"UTR region of the genome. The deletions observed in the
3'UTR region resulted in similar secondary structures, however not all strains with
insertions were similar in structure. Exclusive substitutions to the DENV-3 isolated from
the mosquitoes were observed in NS5, including a substitution leading to a stop codon
formation. The Simplexa™ Dengue Real Time RT-PCR commercial kit, recently available,
was used for the first time for DENV detection and it has been shown to be an alternative
molecular method for the entomological and virological surveillances, The Real Time RT-
PCR has allowed, for the first time the DENV-1 and DENV-4 quantification in single Ae.
aegypti naturally infected (1.6 x 10* copies/mL e 1.08 x 10° copies/mL, respectively).
Considering the high Ae. aegypti infestation index in the country, the characterization of
DENV circulating is very relevant for the understanding of the virus-vector relations by
the analysis of the genetic variability, spread and persistence of genotypes during the
transmission of those viruses.



Vigilancia virologica dos virus dengue: genotipagem e caracterizacao.....

1. Introducéo

1.1.  Dengue: Aspectos Historicos

Durante a Dinastia Chin, nos anos de 265 a 420 d.C., foram descritos os sintomas de
uma enfermidade que os chineses chamaram de "veneno da agua", associando insetos
voadores e &gua. Estes achados foram formalmente editados em uma enciclopédia médica
chinesa durante a Dinastia Tang, no ano de 610 d.C., e a Dinastia Norte Sung, no ano de
992 d.C. (Gubler 1998, 2006).

Os primeiros relatos de grandes epidemias de uma doenca que possivelmente tratava-
se de dengue datam de 1779 e 1780 e foram relatadas em trés continentes, Asia, Africa e
América do Norte, porém, ha registros da ocorréncia desta doenca no século Ill. Outros
possiveis surtos de dengue ocorreram em 1635, nas Indias Ocidentais, e em 1699, no
Panaméa (McSherry 1982).

A origem da palavra dengue, segundo Vambery (apud Siler et al 1926), seria do
arabe arcaico, significando fraqueza (astenia). Nas linguas portuguesa e espanhola, que
possuem influéncia moura, existe a palavra dengue significando afetacdo (Figueiredo e
Fonseca 1996), referindo-se aos sintomas da doenca ou a0 comportamento praticado em
virtude dela. O nome poderia ter surgido em Zanzibar, durante uma epidemia que ocorreu
em 1870, e estaria relacionado a frase nativa Ki-denga Pepo, que significa pancada ou
golpe dado por um mau espirito, provocando ataque doloroso semelhante a caimbra
(Halstead 1971, Figueiredo e Fonseca 1996, Gubler e Kuno 1997).

Por outro lado, a origem do virus dengue (DENV) é objeto de muita discussdo. Uma
das hipoteses seria que o virus teria evoluido nos mosquitos antes de se adaptar aos
primatas ndo humanos e humanos. A transmissdo do DENV pelo Aedes (Stegomyia)
aegypti (Linnaeus 1762) foi demonstrada em 1906 por Bancroft, sendo confirmado por
estudos subsequentes (Siler et al 1926, Rosen et al 1954). A partir do século XVII, devido
ao transporte de escravos oriundos da Africa, o Ae. aegypti foi levado para os demais
continentes e as epidemias de dengue tornaram-se mais frequentes e disseminadas (Holmes
et al 1998).
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As primeiras amostras dos DENV foram isoladas em 1944 durante a Segunda
Guerra Mundial, a partir de soros de soldados que contrairam a infeccdo em Calcuta
(india), Nova Guiné e Havai (Sabin 1952). Os virus provenientes da india, do Havai e de
uma das cepas de Nova Guiné foram antigenicamente semelhantes e denominados DENV-
1. Atualmente, a cepa Havai é considerada amostra prot6tipo. Outras cepas de Nova Guiné
apresentaram caracteristicas antigénicas diferentes, permitindo a identificacdo de outro
sorotipo, que foi classificado como DENV-2, hoje considerado prototipo. Posteriormente,
dois novos virus foram isolados durante uma epidemia ocorrida em Manila (1953). Estes
virus foram classificados como DENV-3 e DENV-4 (Hammon et al 1960) e as cepas H87
(DENV-3) e H241 (DENV-4) consideradas protétipos.

Foi, contudo, ap6s a Il Guerra Mundial que ficou evidente a mudanca no
comportamento da doenga. O crescimento populacional, a urbanizacdo descontrolada, a
falta de programas efetivos para o controle do vetor e 0 aumento das viagens comerciais
contribuiram para a expansao geografica do mosquito transmissor e do virus, permitindo o

estabelecimento de uma pandemia que persiste até hoje (Gubler 1997).

Do ponto de vista geografico, 0 DENV é o arbovirus mais difundido no mundo,
sendo encontrado em areas tropicais e subtropicais, em mais de 100 paises e onde 2.5
bilhes de pessoas vivem em areas endémicas com a co-circulagcdo de Varios sorotipos,
(Guzman e Kouri 2002, Gubler 2006, Rico-Hesse 2007, Burdino et al 2011).

O aumento na incidéncia e distribuicdo geogréafica do dengue tem levado a
transmissdo do virus com uma periodicidade marcante em surtos graves em quase todas as
areas endémicas e hiperendémicas. Essa dindmica pode ser também constatada a partir da
analise comparativa de sequéncias dos genes virais de amostras obtidas, em uma escala
espago-temporal. Tais comparagfes consistem em uma poderosa ferramenta para se
entender os mecanismos evolutivos, ecolégicos e epidemioldgicos de emergéncia de

epidemias e da dindmica da transmissdo do virus (Bennett et al 2010).

1.2.  Ciclos de Transmissdo do Dengue
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O homem, os primatas ndo-humanos e 0s mosquitos do género Aedes sdo 0s
hospedeiros naturais do DENV, sendo 0 homem o unico a desenvolver a forma clinica da
doenca (Gubler 1998, 2002).

Os quatro sorotipos de DENV s&o mantidos em dois ciclos de transmisséo distintos:
o silvestre e 0o humano (Figura 1). Os ciclos silvestres tém sido documentados no Sudeste
da Asia e na Africa, e envolvem vérias espécies de primatas inferiores e mosquitos de trés
subgéneros do género Aedes (Stegomyia, Finlaya e Diceromyia). Até a presente data, ndo
existem evidéncias do ciclo de transmissdo silvestre nas Américas (Gubler e Kuno 1997,
Vasilakis et al 2010, Chen e Vasilakis, 2011).

Atualmente, quase todas as infecgdes humanas séo devidas a cepas de DENV que
circulam exclusivamente nos ambientes domeéstico e peri-domésticos nos tropicos, onde 0s
humanos servem como os hospedeiros de amplificagdo e de reservatdrio. No ciclo humano,
mosquitos Ae. aegypti transmitem o DENV (Mattingly 1957), enquanto que outras
espécies, tais como Ae. albopictus e Ae. polynesiensis, servem como vetores secundarios
(Gubler e Rosen 1976, Gubler e Kuno 1997, Lambretchs et al 2010, Chen e Vasilakis
2011).

O isolamento dos quatro sorotipos de DENV em diversos mamiferos de florestas
tais como morcegos, roedores e marsupiais provavelmente representam consequéncias do

ciclo de transmissdo humano (de Thoisy et al 2004, 2009).
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Figura 1: Ciclo de transmissdo dos virus dengue (DENV). Ciclo silvestre e zona de
emergéncia onde o ciclo silvestre entra em contato com popula¢fes humanas em areas
rurais no Oeste da Africa e Sudeste Asiatico (Adaptado de Chen e Vasilakis, 2011). TOT:

transmissao transovariana.

1.3. Vetores

Os vetores Ae. aegypti e Ae. albopictus (Skuse,1894), pertencentes ao subgénero
Stegomyia, naturais do Velho Mundo, invadiram varios paises fora de sua distribuicao

zoogeografica original, incluindo o Brasil (Consoli e Lourenco-de-Oliveira 1994).

No Brasil, a distribuicdo do Ae. aegypti estd associada aos ambientes alterados pelo
homem, sendo, essencialmente, um mosquito do peridomicilio e domicilio humano
(Christophers 1960). E uma espécie muito abundante em areas urbanas e suburbanas, onde
se observa concentracdo populacional humana elevada e cobertura vegetal moderada
(Braks et al 2003). O Ae. aegypti possui habitos diurnos, alimentando-se de sangue e
colocando seus ovos, preferencialmente, ao amanhecer e préximo ao crepusculo vespertino.
As fémeas colocam seus ovos preferencialmente em criadouros artificiais, como pneus
usados, garrafas, latas, potes, vasos de planta e reservatorios de agua destampados (caixas

d’agua, cisternas, tonéis), contendo agua parada (Christophers 1960).

As populacdes de Ae. aegypti que existem no Brasil sdo muito suscetiveis aos
DENYV e ao virus da Febre Amarela (Lourenco-de-Oliveira et al 2004). Ja foram isolados
em adultos e larvas deste mosquito coletados em vérias partes do Brasil: DENV-1
(Nogueira et al 1988, Serufo et al 1993, Degallier et al 2000), DENV-2 e DENV-3
(Lourenco-de-Oliveira et al 2002, Pinheiro et al 2005, Figueiredo et al 2010, Castro dados
ndo publicados) e DENV-4 (Osanai et al 1983, Castro dados ndo publicados)

A espécie Ae. albopictus foi primeiramente encontrado no Brasil na década de 1980
(Consoli e Lourenco-de-Oliveira 1994). Sua distribuicdo também esta associada a presenca
humana, contudo, € um mosquito que se espalha nos ambientes urbano, suburbano e rural
com consideravel cobertura vegetal, ndo dependendo dos locais de grande concentragédo
humana, como o Ae. aegypti (Hawley 1988, Braks et al 2003). Aedes albopictus apresenta

ampla valéncia ecoldgica, evidenciada pela capacidade de colonizar os mais variados tipos
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de recipientes, naturais e artificiais (Hawley 1988). A espécie ainda ndo foi incriminada
como vetor natural do dengue no Brasil (Degallier et al 2003), apesar de ja ter sido
comprovado que, em condicdes de laboratdrio, as populacdes brasileiras desta espécie tém
a capacidade de se infectar e transmitir o DENV e Febre Amarela (Miller e Ballinger 1988,
Lourenco-de-Oliveira et al 2003, Castro et al 2004).

1.4. Interacéo Vetor-Virus

Assim como em outras arboviroses, a dindmica da replicagdo do DENV em
mosquitos infectados oralmente é dependente da temperatura ambiente, de caracteristicas
geneticas tanto das populacdes dos mosquitos, quanto das amostras circulantes do virus, e
do titulo viral no sangue ingerido pelo vetor (Rodhain e Rose 1997). No caso de
Ae.albopictus, onde ha transmissdo natural pela bactéria endossinbionte Wolbachia,
verificou-se reducdo da taxa de infeccdo e disseminacao do virus dengue (Kittayapong et al
2002).

A infeccdo do mosquito pelos DENV se da principalmente por via oral, também
podendo ocorrer por vias secundarias, atraves da transmissdo vertical do virus de uma
fémea infectada para seus descendentes (Khin e Than 1983, Hull et al 1984, Angel e Joshi
2008).

Até poucos dias apds a ingestdo do virus, a replicacdo deste fica normalmente
limitada as células epiteliais do intestino médio do mosquito, invadindo, em seguida, outros
tecidos, como o proventriculo, corpos gordurosos, hemocitos e tecidos nervosos
essencialmente através do sistema traqueolar (Salazar et al 2007). Posteriormente, 0 virus
pode ser encontrado em grandes quantidades no cérebro, ganglios toracicos e abdominais e
glandula salivar, além dos érgdos ja supracitados (Rodhain e Rose 1997, Salazar et al 2007,
Vazeille et al 2010).

O mosquito se infecta ao ingerir sangue de um individuo durante o periodo de
viremia (cerca de cinco dias ap6s a picada infectante) e pode transmitir a doenga para um
individuo susceptivel depois de um periodo de incubacdo extrinseco de oito a 14 dias
dependendo da temperatura ambiente. Uma vez infectado, 0 mosquito transmite o virus
durante toda a sua vida (Halstead 2008), e € capaz de transmitir o virus a diversas pessoas,

devido a sua capacidade de se alimentar em multiplos individuos para completar o ciclo
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gonotrofico. A quantidade de virus no sangue do hospedeiro é crucial para o sucesso da

infeccdo do mosquito (Gubler et al 2007).
1.5. Virus Dengue e sua Organizacdo Gendmica

Os DENV pertencem ao género Flavivirus, familia Flaviviridae, e podem ser
encontrados na natureza como quatro sorotipos antigenicamente distintos, designados de
DENV-1, DENV-2, DENV-3 e DENV-4 (Sabin 1952, Hammon et al 1960, Westaway et
al 1985, Lindebach et al 2007). A infeccdo com um sorotipo confere imunidade permanente
apenas contra este sorotipo, ndo conferindo imunidade cruzada para 0s outros sorotipos.
Desse modo, individuos que vivem em areas endémicas de dengue podem se infectar com
mais de um sorotipo ao longo da vida (Gubler 1998). S&o virus esféricos, envelopados e
com cerca de 40 a 50 nandmetros de diametro. O RNA é envolto por um nucleocapsideo de
simetria icosaédrica, composto por uma Unica proteina, a proteina de capsideo (C) e
circundada por uma bicamada lipidica associada as proteinas de membrana (M) e envelope
(E) (Figura 2).
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Figura 2: Virus dengue. (A) Representacdo esquematica e (B) crioelectromicroscopia da
particula do virus dengue (DENV). Organizacdo das proteinas estrururais do envelope (E),
de membrana (M) e do capsideo (C). (C) Crioelectromiscropia da particula viral imatura
em pH neutro onde a proteina E existe como heterodimero com a prM. (D)
Crioelectromicroscopia da particula madura, apds clivagem mediada por furina, o virus
maduro é liberado no meio extracelular e o peptideo pr € liberado da particula madura.
Adaptado de http://www.sciencecentric.com/news/08032735-findings-reveal-how-dengue-
virus-matures-becomes-infectious.html, acesso em 16/01/2012 e Perera e Kuhn, 2008.

O genoma é composto por uma molécula Unica de RNA de cadeia simples, de
polaridade positiva, com aproximadamente 11.000 nucleotideos, e uma Unica fase aberta de
leitura (ORF - open reading frame) codificando uma poliproteina precursora. Proteases
virais e do hospedeiro clivam a poliproteina cotraducionalmente para gerar o conjunto de
proteinas estruturais [capsideo (C), precursora da proteina de membrana (prM), envelope
(E)] e ndo-estruturais [NS1, NS2A, NS2B, NS3, NS4A, NS4B e NS5] (Figura 3).


http://www.sciencecentric.com/news/08032735-findings-reveal-how-dengue-virus-matures-becomes-infectious.html
http://www.sciencecentric.com/news/08032735-findings-reveal-how-dengue-virus-matures-becomes-infectious.html
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Dentre as proteinas que compdem a particula viral, a proteina C, de 11 kDa é de
carater basico, é a responsavel por conferir a forma esférica a particula viral. Além disso,
na exposicdo do dominio de ligacdo da proteina E ao receptor celular (Heinz e Allison
2003), evitando que a proteina E sofra reorganizacdo estrutural nos compartimentos
acidificados da célula, e que ocorra a fusdo prematura com membranas celulares durante a

liberacdo da particula viral (Zhang et al 2003; Heinz e Allison 2003).
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Figura 3: Organizacdo do genoma do virus dengue (DENV). (A) Regifes 5" e 3" nédo
codificantes (NC) e a fase aberta de leitura (ORF) indicando os genes estruturais (C, prM,
E) e ndo-estruturais (NS1, NS2A, NS2B, NS3, NS4A, NS4B e NS5). (B) Esquema
representativo dos elementos constituintes da regido 3’'NC dos DENV . As estruturas
previstas para os trés dominios estdo indicados: dominio | (regi&o variavel [VR]), dominio
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I1 e dominio 111 (sequéncia conservada CS1 e 3"stem-loop [3"SL]). Adaptado de Gebhard et
al 2011.

A proteina precursora de membrana (prM) é glicosilada, tem 26 kDa, é clivada
durante a replicacdo viral por uma protease do tipo furina, gerando a proteina estrutural M
de 8kDa, que, juntamente com a proteina E, forma o revestimento externo da particula viral
(Chambers et al 1990; Kuhn et al 2002).

A proteina E é a principal proteina de superficie do virion, pois contém
determinantes antigénicos que induzem a producdo de anticorpos neutralizantes, interage
com receptores celulares e participa do processo de fusdo de membranas da célula e do
envelope viral (Modis et al 2004). Estudos tém mostrado que mutag¢fes no gene viral que
codifica a proteina E podem interferir na viruléncia (Uzcategui et al 2001, Leitmeyer et al
1999). Por meio de estudos de cristalografia, foi possivel identificar que a proteina E possui
trés dominios: o primeiro (I) central, o segundo (II) contém a regido de dimerizacdo e o
peptideo de fuséo, e o terceiro (I11) apresenta o sitio de ligacdo ao receptor celular (Rey et
al 1995, Chen et al 1997, Huang et al 2004, Modis et al 2005). Na particula viral madura

esta proteina se organiza em forma de homodimero (Modis et al 2004).

As proteinas ndo estruturais (NS) sdo encontradas dentro de células infectadas como
parte de um complexo envolvido na replicacdo do RNA (Lai e Putnak 2006). A proteina
NS1 (46 kDa) pode ser encontrada associada a célula, como possivel cofator na replicagdo
viral na superficie celular (Mackenzie et al 1996), onde pode estar envolvida na transducao
de sinal (Jacobs et al 2000), ou na forma extracelular no hospedeiro vertebrado (Libraty et
al 2002). A liberacdo desta proteina no meio extracelular induz forte producdo de
anticorpos especificos (ndo-neutralizantes), que sdo importantes para o diagnostico. Os
niveis de NS1 no soro de pacientes tém sido correlacionados com gravidade de doenca
(Avirutnan et al 2006). Além disso, essa proteina pode ter relevancia na patogénese da
dengue (Alcon-Leponder et al 2005, Libraty et al 2002, Clyde et al 2006), uma vez que
anticorpos anti-NS1 podem reagir de forma cruzada com fibrinogénio, trombdcitos e

células endoteliais humanas (Falconar 1997).

A proteina NS3 (68 kDa) é a maior proteina citoplasmatica associada com a

membrana do reticulo endoplasmatico rugoso (RER) via interacdo com a NS2B (Arias
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1993, Chambers et al 1990). E uma proteina multifuncional, apresenta as atividades de
protease, helicase, nucleotideo 5'-trifosfatase (NTPase) e RNA 5'-trifosfatase (RTPase)
(Falgout et al 1991), fundamentais na replicacéo viral e na reacdo de capping do RNA viral
(Chen et al 1997, Benarroch et al 2004).

A funcdo das proteinas NS2A, NS4A e NS4B néo esta completamente elucidada.
No entanto, elas parecem auxiliar na localizacdo do RNA viral durante a sua sintese (Burke
e Monath 2001). Além disso, a NS2A ¢ necessaria para a clivagem proteolitica da regido C-
terminal da NS1 (Falgout et al 1989). Estudos prévios demostraram que a NS4B e, com
menor importancia, a NS2A e NS4A, sdo capazes de bloquear a via de interferon (IFN)
(Munoz-Jordan et al 2003, 2005).

A NS5 (103 kDa), a maior e mais conservada proteina NS dos flavivirus, apresenta
carater basico e atividade de RNA polimerase dependente de RNA (RdRP, replicase viral)
(Kamer et al 1984, Chambers et al 1990) e de metiltransferase (Koonin 1993, Lindenbach
et al 2007), essenciais para a replicacdo do virus (Khromykh et al 2000). Foi demonstrado
que durante a replicacdo viral, a proteina NS5 migra para o nucleo das células e induz a
transcricdo e a traducdo da interleucina 8, um importante mediador na patogenia da
infeccdo (Medin et al 2005).

A regido codificadora é flanqueada por regides nao traduzidas conservadas (5'NC e
3'NC), que parecem desempenhar importante papel na modulacdo da replicacédo e traducéo
do genoma viral (Alvarez et al 2006, Chiu et al 2005, Alvarez et al 2005, Gamarnik 2010,
Iglesias e Gamarnik 2011).

A regido 5'NC é relativamente curta (95-132 bases), enquanto a regido 3'NC é
usualmente mais longa e demonstra extensiva heterogeneidade no tamanho e na sequéncia
entre espécies virais diferentes e mesmo entre cepas diferentes da mesma espécie (Mandl et
al 1993, Wallner et al 1995). De acordo com as estruturas secundarias previstas, a regiao
3’NC dos DENV pode ser dividida em trés dominios (Figura 3B). O dominio I, que esta
localizado imediatamente apds o codon de terminacdo do gene NS5, é considerado a regido
mais variavel (VR). Sua heterogeneidade € devida a mutacbes em sua sequéncia
nucleotidica, tornando esta regido um bom marcador para estudos evolutivos dos DENV
(Shurtleff et al 2001, Klungthong et al 2008, Pankhong et al 2009). Mutacdes e delecdes
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dentro desta regido podem alterar a infectividade, reduzir a eficiéncia na replicagdo viral
(Men et al 1996, Mandl et al 1998, Shi et al 2002) e influenciar na viruléncia e
patogenicidade dos DENV (Leitmeyer et al 1999, Cologna e Rico-Hesse 2003, Clyde et al
2006, Silva et al 2008). Estudos prévios ja demonstraram delecdes e variacOes
nucleotidicas dentro da VR de cepas de um mesmo sorotipo (Aquino et al 2006, Roche et al
2007, Vasilakis et al 2008). O dominio 1l € moderadamente conservado, contendo varios
hairpins ou grampos onde estdo localizadas as sequéncias altamente conservadas (CS1 e
CS2) e a sequéncia repetida conservada (RCS2). O dominio Il1 é a regido mais conservada
da regido 3"NC, compreendendo uma CS1 seguido de um stem-loop (3"SL) terminal (Hahn
et al 1987, Proutski et al 1997, Shurtleff et al 2001, Zhou et al 2006, Silva et al 2008,
Gamarnik 2010, Iglesias e Gamarnik 2011, Gebhard et al 2011).

1.6. Filogenia e Evolucdo dos Virus Dengue

Assim como ocorre com outros virus RNA, os DENV exibem um alto grau de
variabilidade genética devido a falta do mecanismo de correcdo da RNA polimerase viral
durante a replicacdo, as rapidas taxas de replicacdo, ao grande tamanho populacional e
pressao frente a reposta imunoldgica do hospedeiro (Twiddy et al 2003).

Historicamente, as variantes dentro de cada sorotipo de DENV foram classificadas
de formas distintas, acompanhando o progresso tecnoldgico.

Estudos da década de 70 apontaram a existéncia de variantes antigénicas dentro dos
DENV-3, e ainda que, cepas de DENV-3 de Porto Rico e do Taiti eram antigénica e
biologicamente distintas das cepas da Asia (Russel e McCown 1972).

Na década de 80, baseado na técnica de “fingerprinting” do RNA, o termo
“topotipo” foi utilizado para definir cinco variantes genéticas dentro do DENV-2 (Repik et
al 1983, Trent et al 1990). Técnicas de hibridizacdo de cDNA-RNA, hibridizacao
utilizando oligonucleotideos sintéticos e analise de produtos de RT-PCR, digeridos por
endonucleases de restricdo que também foram utilizadas para demonstrar a existéncia de
variabilidade genética dentro de cada sorotipo dos DENV (Blok et al 1984, Blok 1985,
Kerschner et al 1986, Vorndam et al 1994a 1994b).

Nos anos 90, a utilizacdo de métodos de sequenciamento do genoma viral e anélise

filogenética permitiram a classificacdo dos DENV em grupos geneticamente distintos ou
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gendtipos dentro de cada sorotipo (Rico-Hesse 1990, Lewis et al 1993, Lanciotti et al
1994). Rico-Hesse (1990) definiu esses “gendtipos” como grupos de virus que apresentam
uma divergéncia em sua sequéncia nucleotidica menor que 6% dentro de uma determinada
regido do genoma viral (jungdo E/NS1).

Em uma revisdo sobre a evolucdo dos DENV, analisando sequiéncias parciais do
gene E, Rico-Hesse (2003) descreveu cinco genotipos para DENV-1, quatro para DENV-2
e DENV-3 e trés genotipos para DENV-4.

Recentemente, revisbes acerca de analises filogenéticas baseadas no
sequenciamento completo do gene E determinaram cinco gendétipos para os DENV-1 (a)
Gendtipo |, representado por cepas do Sudeste Asiatico, China, e Leste da Africa; (b)
Gendtipo |1, representado por cepas da Tailandia isoladas nas décadas de 1950 e 1960; (c)
Gendtipo 11, representado pelas cepas selvagens coletadas na Malésia; (d) Genétipo 1V,
representado pelas cepas das Ilhas do Oeste do Pacifico e Austrélia; e (e) Gendtipo V,
representado por todas as cepas coletadas nas Ameéricas, no Oeste Africano, e algumas
cepas coletadas na Asia (Weaver e Vasilakis 2009, Chen e Vasilakis 2011).

Para os DENV-2 foram descritos seis genoétipos: (a) Genotipo Asiatico I,
representado pelas cepas da Malésia, Tailandia, Camboja, Myanmar, Vietnd e Australia; (b)
Genotipo Asiatico 11, representado pelas cepas da China, Taiwan, Sri Lanka, Filipinas; (c)
Genotipo Cosmopolita, representado por cepas da Australia, Leste e Oeste Africano, Ilhas
dos oceanos Pacifico e Indico, Subcontinente Indiano e Oriente Médio; (d) Gen6tipo
Americano, representado pelas cepas da América Latina e por cepas isoladas nas décadas
de 1950 e 1960 no Caribe, Subcontinente Indiano e llhas do Pacifico; () Gendtipo Sudeste
Asiatico/Americano, representado por cepas da Tailandia e Vietna e por cepas isoladas nas
Américas nos Gltimos 20 anos e (f) Gendtipo Selvagem, representado por cepas isoladas
em humanos, mosquitos silvestres, ou macacos sentinelas do Oeste Africano e Sudeste
Asiatico (Lewis et al 1993, Rico-Hesse et al 1997, Twiddy et al 2002, Wang et al 2002,
Rico-Hesse 2003, Ong et al 2008, Zaki et al 2008, Weaver e Vasilakis 2009, Chen e
Vasilakis 2011).

Para os DENV-3 gue inicialmente foram agrupados em cinco genotipos baseados na
técnica de “fingerprinting” (Trent et al 1990), analises subsequentes baseadas nas

sequéncias dos genes prM/M/E (Lanciotti et al 1994) e pelo sequenciamento completo do
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gene E (Rico-Hesse 2003) e do genoma viral completo (Chao et al 2005) caracterizaram
quatro genotipos distintos para este sorotipo. Atualmente, 0 DENV-3 esta classificado em
cinco gendtipos: (a) Gendtipo |, representado por cepas da Indonésia, Malasia, Filipinas e
isolados de Ilhas do Pacifico Sul e Brasil (Figueiredo et al 2008); (b) Gendtipo II,
representado por cepas do Sudeste asiatico; (c) Genotipo I, representado por cepas da
Asia, Leste da Africa e Américas; (d) Gendtipo 1V, representado por cepas de Porto Rico e
uma cepa de 1965 isolada no Taiti e (e) Genotipo V, representado inicialmente por trés
amostras, de Filipinas (1956), Japdo (1973), China (1980) (Weaver e Vasilakis 2009, Chen
e Vasilakis 2011) e cepas do Brasil do periodo de 2002 a 2004 (Nogueira et al 2008,
Araujo et al 2009). No entanto, ficou sugerido que as cepas brasileiras incluidas neste
gendtipo constituiam contaminagdes laboratoriais devido a alta similaridade com cepas
protétipos representantes deste grupo (Chen e Vasilakis 2011).

Para os DENV-4, foram caracterizados quatro genotipos distintos baseados na
analise da sequéncia do gene E (Lanciotti et al 1997, AbuBakar et al 2002, Foster et al
2003) ou no sequenciamento completo do genoma viral (Klungthong et al 2004): (a)
Genotipo | representados por cepas da Tailandia, Filipinas, Sri Lanka, casos importados do
Japdo, China e mais recentemente as cepas isoladas no Brasil; (b) Gen6tipo Il representado
pelas cepas do Sudeste da Asia, China, Ilhas do Pacifico, Australia, Caribe e Américas; (c)
Genotipo 111, representados por cepas recentes da Tailandia que eram diferentes das demais
(Klungthong et al 2004) e (d) Gendtipo 1V, representado pelas cepas selvagens da Malasia
(Weaver e Vasilakis 2009, Chen e Vasilakis 2011).

E importante ressaltar que a classificagdo dos DENV em gen6tipos dentro de cada
sorotipo esta sendo constantemente revisada, uma vez que 0 sequenciamento e analises
evolutivas sdo aperfeicoados e os bancos de dados de genomas expandem. Atualmente, ndo
h& um consenso na utilizacdo das diferentes classificacbes descritas para 0s genotipos de
DENV. Portanto, durante a apresentacdo dos resultados deste estudo, a classificacdo
adotada para a genotipagem dos DENV brasileiros na tabela 1 sera de acordo com a
descrita por Chen e Vasilakis (2011) (Tabela 1).

Tabela 1: Classificagdo genotipica dos virus dengue (DENV) baseada na analise
filogenética do sequenciamento do gene que codifica para a proteina E, de acordo com
Chen e Vasilakis (2011).
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Sorotipo Gendtipos Distribui¢do geogréfica
I Sudeste Asiatico, China, Leste da Africa
Il Tailandia (1950-1960)
DENV-1 Il Malasia (cepas selvagens)
v Ilhas do Oeste do Pacifico e Australia
Vv Américas, Oeste da Africa, Asia
Asidtico | Malésia, Tailandia,Cambodia, Myanmar, Vietna e Australia
Asiético 1l China, Taiwan, Sri Lanka, Filipinas
Cosmopolita Australia, Leste e Oeste Africano, Ilhas dos oceanos Pacifico e
DENV-2 Indico, Subcontinente Indiano e Oriente Médio
Americano América Latina, Caribe (1950-1960), Subcontinente Indiano e Ilhas
do Pacifico
Sudeste Tailandia, Vietnd, Américas (Gltimos 20 anos)
Selvagem Oeste Africano e Sudeste Asiatico
I Indonésia, Malasia, Filipinas, Cingapura, Taiwan e Sul da Ilhas do
Pacifico, Brasil
DENV-3 I _ Talla_ndla}, \(letna e Bangla_diash_
Il Sri Lanka, India, Africa, Samoa, Tailandia (1962)
v Porto Rico, Américas Latina e Central, Taiti (1965)
\ Filipinas (1956), Jap&o (1973), China (1980), Brasil (2002-2004)
I Tailandia, Filipinas, Sri Lanka, Japéo e Brasil
DENV-4 I Indonésia, I\(IaAllas_la, Taiti, Caribe e Américas
Il Tailéndia (cepas recentes)
v Malasia (cepas selvagens)

Métodos utilizados para inferir as taxas de evolu¢cdo dos DENV foram baseados em
medidas de distancias genéticas simples e analises de regressdo (Zanotto et al 1996,
Lanciotti et al 1997, Wang et al 2000) e as estimativas de evolucdo para estes virus foram
de 6-8x10™* substituicBes/sitio/ano. Métodos de Méxima Verossimilhanca (MV) aplicados a
sequéncias do gene E resultaram em estimativas similares para as taxas evolutivas dos
DENV (Twiddy et al 2003). Taxas estimadas para 0s quatro sorotipos de DENV variam de
4,55x 10 para DENV-1 a 11,58 x 10™ para o DENV-3. Além disso, comparacdes
estatisticas sugerem que o DENV-3 esté evoluindo mais rapidamente do que os DENV-1 e
DENV-2 (Weaver e Vasilakis 2009).

1.7. Replicacdo dos Virus Dengue

Os DENV replicam no citoplasma celular, apos periodo de laténcia de 12 a 16
horas, nas células dos vertebrados (Figura 4). A replicacdo viral ocorre no local da

inoculacdo provalmente nas células reticulos-endoteliais, células de Langerhans ou nos
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fibroblastos que se encarregam de levar o virus até os linfonodos regionais, favorecendo
sua disseminacao no sangue, preferencialmente nos monadcitos (Rothman 1997).

Os DENV entram na célula por ligacdo especifica da proteina E com receptores
celulares, incluindo DC-SIGN (ICAM-3) (Lozach et al 2005) e receptores de manose,
incluindo os mondcitos, macréfagos e células dendriticas (Miller et al 2008), seguido do
processo de endocitose (Chambers 1990). O pH acido induz a fusdo do envelope do virion
com a membrana celular. Apds o desnudamento, o0 RNA viral é liberado no citoplasma. As
proteinas virais sdo produzidas como parte de uma Unica e longa poliproteina viral de mais
de trés mil amino&cidos que € clivada pela combinacdo de proteases virais e do hospedeiro.
As proteinas estruturais e ndo estruturais sdo codificadas na porcdo N-terminal da
poliproteina. A replicacdo inicia com sintese da fita negativa de RNA, que serve como
molde para a sintese de fitas positivas de RNA da progénie. A montagem das particulas
virais ocorre em intima associagdo com o reticulo endoplasmatico (RE) das células
hospedeiras. A formacao das particulas virais ocorre pelo revestimento do nucleocapsideo
viral com as proteinas do envelope, ancoradas na membrana do RE celular. Os virus
brotam para dentro do lumen do RE adquirindo uma membrana lipidica (envelope), assim,
0s virus se mantém sollveis nas cisternas do RE e as particulas virais sdo liberadas pela via

exocitica atravées do sistema de Golgi (Lindenbach et al 2007).
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Figure 4: Representacdo esquematica da replicacdo dos virus dengue (DENV). (A)
Particulas virais se ligam a moléculas de superficie e receptores celulares e sdo
internalizados por endocitose. (B) No pH &cido do endossomo, glicoproteinas virais
mediam a fusdo de membranas viral e celular, permitindo o desnudamento do virio e
liberacdo do RNA no citoplasma. (C) O RNA viral é traduzido em uma poliproteina que é
processada por proteases virais e celulares. (D) Proteinas nao estruturais replicam o RNA
gendmico. (E) A montagem viral ocorre na membrana do reticulo endoplasmatico (RE),
onde a proteina do capsideo e o RNA viral sdo envelopados pela membrana do RE e
glicoproteinas para formar particulas imaturas. (F) Particulas virais imaturas séo
transportadas através da via secretdria. Em pH &cido do trans-Golgi, a clivagem da prM
mediada pela furina leva a maturacéo viral. (G) O virus maduro € liberado no citoplasma.
Numeros nas caixas coloridas se referem ao pH dos respectivos compartimentos (Adaptado
de Perera et al 2008).

1.8. Manifestacgdes Clinicas e Classificacdo dos Casos de Dengue

Segundo a Organizacdo Mundial de Saude (OMS), as infeccdes pelos DENV
apresentam um grande espectro de doenca, variando desde infeccdes clinicamente
inaparentes e brandas (dengue classico [DC]) a formas graves e fatais (febre hemorragica

do dengue [FHD]) e sindrome do choque por dengue [SCD] (WHO 1997).
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No DC a febre é geralmente de inicio subito, com duragdo de, em média, 2 a 7 dias,
com sintomas que podem incluir cefaleia, dor retro-orbital, sintomas gastrointestinais,
mialgias, artralgia, rash e anorexia, nauseas, voémito e diarréia que podem ser observados
por 2 a 6 dias (Souza et al 2008). As manifestacdes hemorrégicas, apesar de incomuns no
DC podem ocorrer em alguns individuos, sendo mais comuns as petéquias, equimoses,
epistaxe, hemorragia gengival e metrorragias (Cunha e Nogueira 2005). A forma classica é
autolimitada e resulta numa completa recuperacao (Nishiura e Halstead 2007).

A forma mais grave do dengue é a FHD/SCD, que possui 4 graus de gravidade,
sendo observada mais frequentemente em infeccbGes secundérias e definida por febre,
tendéncias hemorragicas, trombocitopenia e extravasamento de plasma. Os Graus | e Il sdo
considerados os Graus mais brandos da FHD, enquanto os graus Ill e IV representam a
evolucdo da doenca para o estagio de choque (SCD).

Contudo, visando orientar médicos na identificacdo precoce de casos graves, a WHO
propds uma nova classificacdo dos casos de dengue, a partir da iniciativa intitulada Dengue
Control (DENCO). Observacges preliminares do DENCO confirmaram que utilizando um
conjunto de parametros clinicos e/ou laboratoriais, é possivel a distincdo entre pacientes
apresentando dengue grave ou ndo (WHO 2009). Os critérios para a classificacdo dos casos

de dengue (com ou sem sinais de alerta) e dengue grave estdo apresentados na Figura 5.

DENGUE % SINAIS DE ALERTA DENGUE GRAVE

COM
SINAIS DE

Extravasamento grave de plasma

Hemorragia grave

ALERT,A. Grave envolvimento de 6rgados

CRITERIOS PARA DENGUE + SINAIS DE ALERTA CRITERIOS PARA DENGUE GRAVE

CAS0 PROVAVEL DE DENGUE SINAIS DE ALERTA* Extravasamento grave do plsma
Morar ou viajar para drea endémica de dengue. * Dorabdominal ocasionando:
Apresentar febre e 2 dos seguintes critérios: *Vémito persistente *Choque (SCD) o
+Nausea, vomito +Derrame cavitirio *Derrame cavitario com estresse respiratorio
*Rash Sang to de ;
*Dores sLetargia , inquietagédo *Hemorragia grave
*Prova do lago positiva *Figado aumentado o
*Leucopenia *Laboratorial: hematécrito elevado deacordo com avaliagie médica.
*Qualquer sinal de alerta simultanea plaquetopenia i 4 19

+Grave envolvimento de drgdos
CONFIRMAGAO LABORATORIAL DE DENGUE “Requer observagio eintervengéio ‘Figado: ASTou ALTZ 1000
(importante quando ha sinal de extravasamento médica *SNC: Envolwment? df canseienca
do plasma) *Coragédo e outros drgéos

Figura 5: Classificacdo dos casos de dengue e niveis de gravidade, de acordo com
observactes do DENCO. Adaptado de WHO 2009.
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1.9. Diagnéstico laboratorial

O diagnostico laboratorial das infecgdes por DENV é realizado pelo isolamento e
identificacdo do virus, pela demonstracdo de antigenos e/ ou do acido nucléico viral e pela
demonstracdo de anticorpos especificos, imunoglobulinas G e M (IgG e IgM). Estas trés
metodologias englobam o diagnostico virolégico, molecular e sorologico das infeccdes
pelos DENV.

1.9.1. Isolamento Viral

A inoculacgdo de soros de fase aguda da infeccdo em cultura ou células de mosquito
Ae. albopictus (C6/36) tem sido o método mais utilizado para o isolamento viral e ainda
permanece como o “padrdo ouro” para a comparagdo com outros métodos (lgarashi 1978).
O isolamento pode ser observado pela presenca do efeito citopatico (ECP) e/ou confirmado
pela técnica de imunofluorescéncia indireta com a utilizagdo de soros hiper imunes aos
quatro sorotipos dos DENV para a deteccdo dos virus. Para a identificacdo dos DENV,
utilizam-se anticorpos monoclonais especificos para os quatro sorotipos (Gubler et al
1984).

1.9.2. ELISA

O ensaio imunoenzimatico de captura de anticorpos de classe IgM (MAC-ELISA)
tem sido 0 método de eleicdo para o diagndstico das infeccdes pelos DENV nas Gltimas
décadas (Kuno et al 1987, Nogueira et al 1993, De Simone et al 2004). E um método
rapido, facil de ser executado e tem se mostrado extremamente Util, tanto para o
diagndstico individual de dengue como para estudos epidemioldgicos. A presenca de
anticorpos da classe IgM em Unica amostra de soro indica infeccdo ativa ou recente,
contornando as dificuldades de obtengédo de uma segunda coleta de sangue.

O teste imunoenzimatico tem sido igualmente utilizado para a deteccdo de IgG
(IgG-ELISA). De féacil e répida execucdo, tem sido utilizado em larga escala para a
caracterizacdo do tipo de infeccdo para a dengue (priméria ou secundéria) de acordo com

os titulos observados e os dias apds o inicio dos sintomas (Miagostovich et al 1999).
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Alguns kits comerciais para a captura da proteina NS1, tanto no formato de ELISA
quanto no formato de teste imunocromatografico rapido estdo disponiveis e tém sido Uteis

para o diagndstico precoce das infeccdes e casos fatais por DENV (Lima et al 2010, 2011).

1.9.3. Transcricdo reversa seguida pela reacdo em cadeia da polimerase
(RT-PCR)

Diversos protocolos de amplificagdo genOmica utilizando transcricdo reversa
seguida da reacdo em cadeia pela polimerase (RT-PCR) tém sido utilizados no diagnostico
rapido das infeccBes por dengue (Lanciotti et al 1992, Figueiredo et al 1997, De Paula et al
2002). Esses protocolos detectam e caracterizam a presenca do virus nos casos suspeitos,
podendo identificar o sorotipo infectante (DENV-1, 2, 3, 4). Esta metodologia tem sido
importante tanto para a clinica quanto para a vigilancia viroldgica, além de confirmar o
diagnostico em situacdes onde o material disponivel ndo é adequado para o isolamento
viral. Atualmente, a WHO recomenda o protocolo descrito por Lanciotti et al (1992) o
qual, permite detectar os quatro sorotipos de DENV simultaneamente em um procedimento
“semi-nested”.

Diversos protocolos para a deteccdo e quantificacdo dos DENV tém sido propostos
desde o surgimento dessa nova tecnologia (Drosten et al 2002, Jhonson et al 2005), os

quais tém possibilitado maior rapidez dos resultados, além de maior sensibilidade.

1.9.4. Imunohistoquimica
A técnica de imunohistoquimica pode ser de grande utilidade para a detec¢do dos
DENV em tecidos infectados. Baseia-se na conjugacdo de distintos marcadores, com
moléculas de imunoglobulina, que com auxilio de um substrato especifico localiza o
antigeno tecidual. A disponibilidade de anticorpos para uso em tecidos fixados em formol e
conservados em blocos de parafina permitem o estudo de blocos arquivados por longos

periodos, principalmente em casos fatais (Miagostovich et al 1997).

1.10. Epidemiologia do Dengue
O aumento das epidemias de dengue ocorridas nos Ultimos vinte e cinco anos deve-

se a intensificacdo do processo de urbanizacdo em paises tropicais e subtropicais, a
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incapacidade de controlar os mosquitos vetores por parte desses paises e a facilidade com
que se faz a introducdo de virus por meios de transporte rapido de um continente para outro
(Gubler 2002). Como consequéncia, houve um aumento da distribuicdo geografica dos
DENV assim como da infestacdo do principal vetor o Ae. aegypti, principalmente em
regides tropicais e subtropicais, as quais se tornaram hiperepidémicas (Gubler 2005). Todos
esses fatores conduziram a emergéncia de epidemias de febre hemorragica do dengue
(FHD) em é&reas que incluem os paises da Asia, llhas do Pacifico, Africa e as Américas
(Gubler 1998, 2005). Estima-se que atualmente, 2,5 bilhdes de pessoas vivam em mais de
100 paises e areas endémicas onde os DENV podem ser transmitidos. Cerca de 50 milhdes
de infeccdes por dengue e 500.000 casos de FDH ocorrem todos os anos, destes 22.000
resultam em Obito principalmente, infantil. Atualmente, a doenca esta dispersa em regides
das Américas Central e do Sul, partes do Caribe, Sul e Sudeste da Asia, Africa e Pacifico
Sul (Figura 6; WHO 2010).

Paiéa ou drea ocom notifi-agiee Q' ¥ el
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Figura 6: Areas com risco de transmissdo e expansdo de dengue, 2010 (Adaptado de
http://gamapserver.who.int/mapL.ibrary/Files/Maps/Global _DengueTransmission_ITHRisk
Map.png, acesso em 15 de Janeiro de 2012).

1.10.1. Dengue nas Américas
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Apo6s as primeiras descricdes de dengue ocorridas no seculo XVIII foram
registradas, a partir de 1896, nos Estados Unidos e em paises do Caribe, inUmeras
epidemias em intervalos irregulares. Os sorotipos envolvidos nestas epidemias ndo eram
conhecidos até 1953, quando foram isoladas as primeiras amostras de DENV-2 em
Trinidad (Anderson et al 1956). Dez anos depois, foram isoladas as primeiras amostras de
DENV-3 em Porto Rico, sendo estes dois sorotipos responsaveis pelas epidemias ocorridas
no continente na década de 1960 (Gubler 1992). Ainda nesta década, houve uma tentativa
de erradicacdo do mosquito Ae. aegypti das Américas. Porém, com a descontinuidade do
programa de erradicacdo no inicio da década de 1970 houve uma reinfestacdo deste vetor
pelo continente (Schliesman e Calheiros 1974, Pinheiro 1989, Gubler 1997).

Em 1977, o DENV-1 foi introduzido nas Américas causando uma extensa epidemia
(Gubler 1992). No mesmo periodo, 0 DENV-3 apresentou pouca atividade na regido com o

registro de nenhum isolamento ocorrido em 1978, em Porto Rico (Anonymus 1995).

Em 1981, o DENV-4 foi introduzido em Sdo Bartolomeu, causando surtos no
Caribe, México, paises da América Central e América do Sul, tornando-se endémico na
regido (Pinheiro, 1989). Durante este mesmo ano, uma nova variante do DENV-2 foi
introduzida no continente americano, causando em Cuba, a primeira epidemia de Febre
Hemorragica por Dengue (FHD)/Sindrome do Choque por Dengue (SCD) das Américas
(Kouri et al 1986, Pinheiro e Corber 1997).

No periodo de 1989 a 1990, ocorreu na Venezuela a segunda maior epidemia de
FHD/SCD das Ameéricas, com cerca de 22 mil casos, onde co-circularam os DENV-1,
DENV-2 e DENV-4 (WHO 1997, Pinheiro e Chuit 1998).

No ano de 1994, o DENV-3 foi re-introduzido na Nicardgua e Panama e, em 1995,
no México (WHO 1997). Esta variante de DENV-3 mostrou-se geneticamente distinta
daquela que anteriormente circulava nas Américas (genétipo 1V) e foi caracterizada como
gendtipo Il (Lanciotti et al 1994, Anonymus 1995). Este genoétipo foi associado a
ocorréncia de epidemias de FHD/SCD no Sri Lanka e India e casos de FHD no México e
paises da América Central (Gubler 1997, Gubler e Meltzer 1999). Nos anos seguintes, 0
DENV-3 foi detectado em outros paises do continente, chegando a Ameérica do Sul
(Pinheiro et al 1997, Rigau-Perez et al 2002).
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Em 2002, mais de 30 paises latino-americanos registraram mais de 1 milhdo de casos
de Dengue Classico ( DC), sendo que cerca de 750 mil casos ocorreram no Brasil. Esse
nimero apresentou uma queda significativa entre 2003 e 2005, voltando a crescer a partir
de 2006.

Em 2009, um total de 917.311 casos de dengue, incluindo 25.268 casos graves de
dengue e 371 dbitos, co-circulagdo dos 4 sorotipos virais foram registrados em Porto Rico,
El Salvador, Nicaragua, Peru e Venezuela (WHO 2009).

No ano de 2011 até a 312 semana epidemioldgica, foram registrados 890.756 casos de
dengue, 10.840 casos graves e 488 obitos nas Ameéricas, sendo o cone Sul responsavel pelo
maior numero de casos: 750.946 casos de DC, 8199 casos de dengue grave e 372 0bitos.
Somente o Brasil notificou 715.666 casos de dengue, 8.104 casos graves e 310 O6bitos
(PAHO 2011).

Durante as ultimas quatro décadas, o continente Americano evoluiu de uma situagédo
ndo-endémica para hiperendémica, onde se observou um aumento na densidade vetorial, a
co-circulacdo de multiplos sorotipos de DENV, a endemicidade de FHD e em um aumento
na frequéncia da atividade dos DENV (Gubler 2002). Nos primeiros cinco anos da década
atual, a média anual de casos foi praticamente o dobro daquela registrada na década
anterior (Nathan e Dayal-Drager 2006).

1.10.2. Dengue no Brasil

As primeiras referéncias sobre o dengue no Brasil sdo do século XIX (Meira 1916).
Reis (1846) relatou quadro clinico semelhante ao dengue em casos de um surto de doenca
febril ocorrido em Curitiba. Mariano (1917) relatou uma epidemia cuja clinica se
assemelha ao dengue que teria acontecido em 1846, no Rio de Janeiro, e outra ocorrida em
1916, no Rio Grande do Sul. Embora epidemias de febre semelhante ao dengue tivessem
sido relatadas no Brasil durante o século XIX, foi Pedro (1923) quem pela primeira vez
descreveu claramente a doenca, durante uma epidemia que ocorreu em Niter6i e no Grande
Rio.

No inicio do século XX, o Brasil passou por campanhas de luta contra a espécie Ae.

aegypti, vetor da febre amarela urbana e também do dengue. Esta acdo brasileira de
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controle do Ae. aegypti que comegou com Emilio Ribas, em 1903, e Oswaldo Cruz, em
1904, teve grande éxito mais tarde com apoio e coordenacdo da Organizacdo Pan-
Americana da Saude (OPAS) e da Fundacdo Rockefeller (Benchimol 2001). Assim, esta
espécie foi considerada erradicada no Brasil em 1956. Por isso, é provavel que ndo tenham
relatos de epidemias de dengue no pais a partir da década de 1950.

Anticorpos contra dengue foram encontrados em moradores de pequenas cidades da
Amazonia brasileira por Causey e Theiler (1958) o que levou esses autores a sugerir que 0
virus havia circulado nessa regidao no inicio do seculo XX. No final dos anos 1960 e inicio
da década seguinte, o Ae. aegypti passou a ser encontrado em alguns estados do Norte e
Nordeste do Brasil (Consoli e Lourengo-de-Oliveira 1994). Contudo, nenhum registro de
dengue no pais foi realizado antes dos anos 80.

Apos décadas sem casos de dengue no Brasil, o primeiro surto ocorreu em Boa
Vista, Roraima (1981-1982), causado pelos sorotipos 1 e 4. A transmissdo permaneceu
restrita a cidade de Boa Vista (Osanai et al 1983). Quatro anos mais tarde, 0 DENV-1 foi
isolado em Nova lguacu, no estado do Rio de Janeiro (Schatzmayr et al 1986), e apds 1987,
a doenga tornou-se endémica em varios estados, como no Rio de Janeiro, Sdo Paulo, Minas
Gerais, Ceara (Degallier et al 1996, Nogueira et al 1999, Vasconcelos et al 2000). Em
1990, um novo surto ocorreu no Rio de Janeiro e em Niterdi, no qual o DENV-2 foi isolado
pela primeira vez no Brasil (Nogueira et al 1990). A introducdo do DENV-3 ocorreu no
ano de 2000, também no municipio de Nova lguacu, Rio de Janeiro, sendo este sorotipo
isolado de mosquitos Ae. aegypti e de humanos durante grave epidemia na localidade
(Nogueira et al 2001, Lourenco-de-Oliveira et al 2002).

A epidemia ocorrida no ano de 2002 foi caracterizada como a maior e mais grave
epidemia do pais devido ao DENV-3 (De Simone et al 2004, Nogueira et al 2002), na qual
a metade dos casos fatais relacionava-se as infec¢des primarias por este sorotipo, dado
indicativo de sua maior viruléncia o que modificou a epidemiologia do dengue no pais,

com caracteristicas de hiperendemicidade (Nogueira et al 2005, Araujo et al 2009b, 2009c).

No periodo de 2002 a 2005, observou-se que ocorria a circulagdo do DENV-3 no
estado do Rio de Janeiro, mas o numero de casos notificados diminuiu neste periodo. Os

anos de 2004 e 2005 foram considerados como interepidémicos (Aradjo et al 2006). No



Vigilancia virologica dos virus dengue: genotipagem e caracterizacao.....

final de 2005, houve a prevaléncia de atividade para o sorotipo DENV-3, € no ano de 2006,
observou-se que houve uma maior atividade deste sorotipo comparada ao ano anterior
(Nogueira et al 2007). A partir do més abril de 2007, observou-se a re-emergéncia do
DENV-2 e este sorotipo foi responsavel pela ocorréncia de uma grave epidemia no ano de
2008, com um total de 259.392 casos no estado do Rio de Janeiro que correspondeu a 35%
dos 734.384 casos notificados no Brasil (PAHO 2008, SVS 2009).

No ano de 2011 até a 26 semana epidemioldgica, foram notificados 715.666 casos
de dengue no pais e as atividades de monitoramento da circulagdo dos DENV

demonstraram uma maior proporcao de isolamentos do DENV-1 (SVS 2011).

O risco da introducdo do DENV-4 no pais era iminente, uma vez que este sorotipo
circulava em paises vizinhos, como a Venezuela e a Colémbia (Guzman e Kouri, 2002).
Apesar de Figueiredo et al (2008) ter relatado a deteccdo de DENV-4 em pacientes
residentes na cidade de Manaus, entre 2005 e 2007, estes dados ndo foram confirmados
pelo Ministério da Saude. Em julho de 2010, um caso de DENV-4 foi detectado em uma
Unidade Sentinela de vigilancia laboratorial de Roraima (RR), com o diagndstico inicial
realizado pelas técnicas de RT-PCR e isolamento viral. Em seguida, outros casos de
DENV-4 foram detectados em RR. Em 2011, o DENV-4 foi isolado de casos provenientes
dos estados de Amazonas, Rondbnia, Para, Piaui, Ceard, Pernambuco, Bahia, Rio de
Janreiro e Séo Paulo (SVS 2010; 2011, Nogueira e Eppinghaus 2011).

Atualmente, os sorotipos DENV-1, 2, 3 e 4 circulam simultaneamente no Rio de
Janeiro, o que reforca este Estado como o0 mais receptivo para introducdo e disseminagao
de novos sorotipos e gendtipos de dengue no Brasil (Miagostovich et al 1998, 2003; 2006,
Duarte dos Santos et al 2000, dos Santos et al 2002, De-Simone et al 2004, Nogueira e
Eppinghaus 2011).

1.10.2.1 Epidemiologia Molecular do Dengue no Brasil

Atualmente circulam no Brasil os gen6tipos: Américas/Africa (ou gendtipo V) de
DENV-1 (Duarte dos Santos 2002, dos Santos et al 2011), o Asiatico/Americano do
DENV-2 (dos Santos et al 2002) e do Subcontinente Indiano (ou genétipo I11), para DENV-
3 (Miagostovich et al 2006, Aradjo et al 2009, Barcelos Figueiredo e colaboradores (2008)

descreveram a deteccdo do gendtipo | de DENV-3 no pais. O sequenciamento do gene E e
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andlise filogenética das cepas de DENV-4 introduzidas em Roraima em 2010 caracterizou

estes virus como pertencentes ao Genétipo | de DENV-4 ( de Melo et al 2009).

A andlise filogenética de cepas de DENV-3 isoladas no Brasil do periodo de 2002 a
2004 caracterizou estas cepas como pertencentes ao Gendtipo V (Nogueira et al 2008,
Araujo et al 2009) representado inicialmente por trés amostras, de Filipinas (1956), Japao
(1973), China (1980) (Weaver e Vasilakis 2009, Chen e Vasilakis 2011). No entanto, ficou
sugerido que as cepas brasileiras incluidas neste genotipo constituiam contaminagoes
laboratoriais devido a alta similaridade com cepas protétipos representantes deste grupo
(Chen e Vasilakis 2011).

A filogenia baseada na analise do gene E das cepas de DENV-2 isoladas na epidemia
de 2008 demonstrou que, apesar destes virus ainda pertencerem ao mesmo gendtipo
circulante anteriormente, porém de linhagens distintas, estas se agruparam formando um
grupo monofilético distinto (Oliveira et al 2010). Esta re-emergéncia causou a mais grave
epidemia de dengue registrada no pais até entdo, com um maior nimero de hospitalizagdes

e ocorréncia de dbitos em criancas e adultos (SVS 2009).

1.10.2.2 Vigilancia do Dengue

A vigilancia epidemioldgica, apesar de pouco sensivel para detectar a circulagdo
esporadica do virus, € um componente fundamental do sistema de vigilancia do dengue
(Tauil 2002), para monitorar a ocorréncia de casos de dengue na populagdo. E também
importante para estabelecer os critérios de confirmacdo e descarte da doenca, permitindo
comparacdo de dados provenientes de diversas fontes de notificacdo e entre mais de uma
regiao ou pais.

Para se tornar um componente de impacto no controle da doenca, antecipando a
transmissdao epidémica, a vigilancia epidemioldgica deve contar com apoio laboratorial,
para detectar os sorotipos e variacOes genéticas circulantes (vigilancia virologica) e
classificar os casos da doenca (vigilancia clinica), principalmente em relacdo as formas
graves (Gubler 1989, WHO 1996, Gubler 1998).

A prevencao e o controle das epidemias de dengue dependem fundamentalmente da
reducdo da populagdo do vetor no domicilio e peridomicilio, principais locais nos quais

ocorre a transmissdo. A eliminacdo dos reservatorios aquaticos que servem de habitat para
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as larvas do Ae. aegypti constitui-se no mais efetivo modo de reduzir sua disseminagdo e
reproducéo nos centros urbanos (Gubler 1998). Neste contexto, a vigilancia entomologica
se torna um dos componentes fundamentais de um sistema de vigilancia para prevencgédo e
controle do dengue, sendo importante para orientar as intervencdes (Gubler 1989). No
entanto, a utilizacdo de indices que detectam a densidade da infestacdo vetorial e o nivel
critico para predicdo de epidemias ainda € controversa na literatura, visto que a
multiplicidade de fatores envolvidos na transmissdo da doenca na populacdo ndo sdo
totalmente representados por estes indicadores (Kuno 1995, Gomes 1998, Gomez et al
2001).

Os indices rotineiramente utilizados na vigilancia dos niveis de infestacdo pelo Ae.
aegypti sdo conhecidos como indices de Stegomyia (revisados por Focks 2003). Estes
indices desempenham papéis importantes na orientacdo dos principais programas de
controle, no Brasil e demais paises, onde a dengue é endémica ou epidémica, ou mesmo de
campanhas de erradicacdo, como no caso da febre amarela urbana. No entanto, existem
multiplos fatores envolvidos na transmissdo do dengue que nao sdo totalmente cobertos por
estes indicadores, como, por exemplo, a medida da abundancia do adulto fémea e a

estimativa do risco de transmissdo do dengue.

Alguns dos indices de Stegomyia mais empregados sdo o indice de infestacdo
predial (IP) e o indice de Breteau (IB). O IP é definido como o percentual de imdveis
positivos para vetores imaturos de Ae. aegypti em uma dada localidade, enquanto que o IB
quantifica o ndmero de recipientes contendo larvas de Ae. aegypti por 100 imdveis
pesquisados (Hondrio 2009, Focks et al 2000, Focks 2003).

O levantamento de indice rapido de infestacdo por Ae. aegypti, ou LIRAa, por sua
vez, é uma estratégia diferenciada de selecdo de domicilios durante os inquéritos
entomoldgicos de dengue que, resultara no calculo do IP e do IB. Neste, emprega-se uma
técnica de amostragem randdmica na qual uma unidade de amostra corresponde a 9.000 ou
12.000 imoveis, onde 450 destes sdo sorteados e visitados pelos agentes de endemias para a
busca de larvas ou pupas de Ae. aegypti (Coelho et al 2008).

No Brasil, foram poucos os estudos que tentaram correlacionar os indices de
infestacdo vetorial com a ocorréncia de transmisséo de dengue. Os resultados observados

tem se mostrado discordantes e inconsistentes para a construcdo efetiva de indicadores de
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risco de transmissao desta arbovirose. A baixa associagdo entre os indices de infestacdo e o
risco de transmissdo pode ser atribuida: i) a baixa qualidade da coleta de dados
entomoldgicos; ii) a subnotificacdo de casos; iii) e ao indice de infestacdo predial por ser
inadequado para mensurar o nivel de infestacdo, ja que tenta inferir sobre a frequéncia de
adultos, que ¢ a fase responsavel pela transmissdo, a partir de coletas de larvas. Além disso,
tais estudos foram baseados essencialmente em indices de infestacdo, em especial no IP,
fornecidos pelas Secretarias de Saude locais, cujos programas de controle do dengue
podem sofrer periddicas interferéncias de ordem politica. Possiveis falhas nas operagdes de
campo também serdo diretamente refletidas no calculo do IP/IB (Honério 2009).

Por outro lado, alguns autores, na tentativa de associar os niveis de infestacdo e
transmissdo de dengue, sugerem que a capacidade vetorial do mosquito varie dependendo
das condi¢des ambientais, da longevidade, taxa de picada, susceptibilidade ao virus, entre
outros fatores. Sendo assim, ndo sO a densidade de mosquitos como também o
comportamento e a competéncia vetorial de suas populacOes, afetaria a transmissao e que
esta, possa ser afetada por caracteristicas da dindmica populacional do virus e ndo do vetor
em si (Chevillon e Failloux 2003, Hondrio 2009). Além disso, a taxa de transmissao
depende também de caracteristicas da populacdo humana, uma vez que os individuos
podem ter diferentes graus de exposicdo e/ou susceptibilidade a infeccdo ou, ainda, se a
soroprevaléncia for alta, a transmissdo pode simplesmente ndo ocorrer, devido a chamada
imunidade de rebanho (Halstead 2008).

Em condicBes naturais, a deteccdo de mosquitos Ae. aegypti infectados com DENV
pode ser raro, mesmo em periodos epidémicos (Lourenco-de-Oliveira et al 2002, Barbazan
et al 2009). Além disso, a escassez dos trabalhos de campo para monitoramento da
circulagdo viral em Ae. aegypti reside na complexidade logistica dessa atividade, muito
laboriosa e que requer alta disponibilidade de tempo e pessoal.

A coleta de mosquitos para deteccdo dos DENV deve empregar ferramentas
como o aspirador costal (Clark et al 1994), método apontado como o padrdo-ouro para
coleta de adultos, por capturar machos e fémeas independentemente de sua idade
fisiologica (Focks 2003). Alternativamente, pode-se utilizar armadilhas (Favaro et al
2006, Gama et al 2007), que cobrem um maior nimero de residéncias em dada area

geogréfica, aumentando o sucesso de capturas (Focks 2003). No entanto, as inspecdes
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realizadas semanalmente nestas armadilhas, resultam em espécimes inviaveis para a
deteccdo do material genetico viral, devido a exposicdo dos mesmos a temperaturas
inadequadas de conservacdo. Neste contexto, esta estratégia de monitoramento baseada
em armadilhas pode dificultar os estudos de vigilancia virolégica em mosquitos.
Portanto, a utilizacdo de métodos de coleta de vetores mais eficientes combinados a
técnicas de deteccdo viral sensivel fornecem uma abordagem atrativa a vigilancia

entomologica.
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2. Justificativa

O dengue tem se apresentado como um grave problema de sadde pablica no
Brasil, razdo pela qual, varios estudos tém sido realizados com o intuito de esclarecer
aspectos da epidemiologia dessa doenca em diferentes localidades, com histdrias distintas
de circulacgdo dos diferentes sorotipos de DENV (Teixeira et al 2002, Nogueira et al 1999,
2007).

Os padrdes de transmissao do dengue sdo determinados pela combinacdo de fatores
que envolvem o hospedeiro humano, o virus, o vetor e o ambiente. Sendo assim, o
monitoramento de fatores de risco de transmissdo, pela vigilancia epidemioldgica é de
grande importancia na epidemiologia da doenca. A vigilancia epidemioldgica do dengue,
que envolve a vigilancia entomoldgica e viroldgica, deve ser intensificada, principalmente,
em periodos interepidémicos, e pelo monitoramento continuo de casos suspeitos e dos
vetores das areas de transmissao. Neste contexto, o constante monitoramento da circulacao
viral no vetor, nas suas formas imatura e alada, possibilita, ndo somente a detec¢do do
virus, mas também a detec¢cdo de transmissdo vertical. Além disso, 0 monitoramento da
infeccdo em mosquitos permite a deteccdo do aumento de circulacdo viral em periodo habil
para a efetivacdo de medidas de controle. A genotipagem dos virus isolados destes vetores
pode ainda fornecer informacdes relevantes na compreensao da interacdo genotipo/sorotipo

— vetor.

A caracterizacdo molecular de amostras de DENV isoladas no Brasil de &reas
geograficamente e temporalmente distintas € uma ferramenta fundamental para a
epidemiologia molecular, que por sua vez pode fornecer informacdes importantes sobre a
introducdo, dispersdo e circulacdo de distintas linhagens destes virus (Miagostovich et al
1998, 2003 e 2006, Duarte dos Santos et al 2000, Oliveira et al 2008, dos Santos et al 2002,
2011). VariacGes em sequéncias nucleotidicas em um genotipo de DENV podem ser
responsaveis pelo aparecimento de cepas de virus que se replicam com mais eficiéncia em
humanos e em mosquitos, e produzem altas viremias em humanos facilitando a transmisséo
pelos vetores (Monath 1994). Porém, ndo se sabe até que ponto os mosquitos contribuem,
evolutivamente, para a estabilidade genética ou para a selecdo de variantes/mutacdes

dominantes em determinada area.
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O entendimento da variag¢do genética no virus quando replica em mosquitos, e como
essas variagOes atuam durante a transmissdo entre humanos e mosquitos permanecem
desconhecidos. Porém, sabe-se que mutaces que ocorram ao longo do genoma, assim
como mutagdes nos genes virais estruturais e ndo-estruturais e na regido 3’NC dos DENV
ja foram implicados como marcadores moleculares de viruléncia (Hurrellbrink e Mc Minn
2003). Portanto, visando contribuir para um melhor conhecimento dos DENV e sua
interacd0 com 0 mosquito vetor, realizamos neste trabalho, a caracterizagdo molecular e
estudos/ou analise filogenética de cepas de DENV isoladas de mosquitos naturalmente
infectados e de casos humanos provenientes de epidemias ocorridas de 1986 a 2011 no

Brasil.
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3. Objetivos

3.1.  Objetivo geral

Caracterizacdo molecular e genotipagem de cepas de DENV isoladas de mosquitos
Ae. aegypti e de casos humanos ao longo de epidemias ocorridas, entre 1986 e 2011, em

areas com diferentes indices de infestacao do vetor e historia pregressa de casos de dengue.

3.2.  Objetivos especificos

o Realizar a andlise filogenética baseada no gene E de cepa de DENV-1 isoladas
durante o periodo estudado (1986 a 2011) — Trabalhos 1 e 2.

o Realizar o sequenciamento completo do genoma de DENV-3 isolado de mosquitos
naturalmente infectados durante a epidemia ocorrida em 2001 no Rio de Janeiro —
Trabalho 3

o Caracterizar a regidao 3’-ndo codificante (3°NC) de DENV-3 isolados de mosquitos
e de casos humanos — Trabalho 3.

o Realizar a vigilancia entomoldgica do DENV-4 pelo meio da utilizagdo de
metodologias moleculares — Trabalho 4.
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4. Material e Métodos e Resultados

A metodologia e os resultados obtidos nesta tese estédo apresentados sob a forma de

manuscritos (aceito, submetidos para publicagéo).

4.1. First Report Of Multiple Lineages Of Dengue Viruses Type 1 In Rio De
Janeiro, Brazil
Publicado no Virology Journal 2011, 8:387

4.2.  Dengue Virus Type 1 From Field-Caught Vectors And Humans In Brazil:
Phylogeny Reveals Different Lineages Of The American African Genotype In
25 Years
Submetido ao periddico “Plos One”

4.3.  Molecular Differences Of The 3"Untranslated Region From Brazilian
Dengue Virus Type 3 lIsolated From Naturally Infected Mosquitoes And
Humans
Submetido ao periddico “Virology Journal”

4.4. DENV-4 Entomological Surveillance In Rio De Janeiro: Role of Molecular
Technigues Dengue Virus Type 4 (DENV-4) in Niteroi, Rio de Janeiro: The
Role of Molecular Techniques in the Laboratorial Diagnosis and Entomological
Surveillance

Submetido ao periddico “Memdrias do Instituto Oswaldo Cruz”
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4.1. Artigo 1. First Report Of Multiple Lineages Of Dengue Viruses
Type 1 In Rio De Janeiro, Brazil

Referéncia bibliogréafica: Flavia B dos Santos, Fernanda B Nogueira, Marcia G
Castro, Priscila CG Nunes, Ana Maria B de Filippis, Nieli RC Faria, Jaqueline BS Simdes,

Simone A Sampaio, Clarice R Santos and Rita Maria R Nogueira.

Situacéo do manuscrito. Publicado no periédico “Virology Journal”.

Este artigo atende ao objetivo especifico 1.

Resumo: Detectou-se multiplas linhagens do virus DENV-1 circulando no Rio de Janeiro
e no pais, apds um periodo de baixa ou silenciosa co-circulacdo desde a sua entrada em
1986.
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Abstract

Background: In Brazil dengue has been a major public health problem since DENV-1 introduction and spread in
1986. After a low or silent co-circulation, DENV-1 re-emerged in 2009 causing a major epidemic in the country in
2010 and 2017, In this study, the phylogeny of DENV-1 strains isolated in RJ after its first introduction in 1986 and

after its emergence in 2009 and 2010 was performed in order to document possible evolutionary pattems or

introductions in a re-emergent virus.

Findings: The analysis of the E gene sequences demonstrated that DENV-1 isolated during 2009/2010 still belong
1o genotype V (Americas/Africa) but grouping in a distinct clade (lineage Il) of that represented by earlier DENV-1

(lineage 1). However, strains isolated in 2011 grouped together forming another distinct clade (lineage Ill).

Conclusions: The monitoring of DENV is important to observe the spread of potentially virulent strains as well to
evaluate its impact over the population during an outbreak. Whether explosive epidemics reported in Brazil causec
mainly by DENV-1 was due to lineage replacement, or due the population susceptibility to this serotype which hat

not circulated for almost a decade or even due to the occurrence of secondary infections in a hyperendemic
country, is not clear. This is the first report of multiple lineages of DENV-1 detected in Brazil.

Keywords: Dengue virus type 1, multiple lineages, phylogeny, Rio de Janeiro

Findings
Dengue viruses (DENV) are the most important human
arboviruses worldwide, transmitted by mosquitoes of the
genus Aedes and currently it is estimated that 70 to 500
million dengue infections occur annually in 124 endemic
countrles Ncarly 3.6 billion people (55% of world popu-

the Southeast and the Northeast regions were respon

ble for approximately 80% of the cases reported in t

most severe epidemic in the country, where DENV

and DENV-3 were detected in 96.4% of the cases is

lated. After a low or silent circulation, DENV-1 r

emcrged in the Southeast region in 2009 (Flgure 1
e e e 11 —pixh

1. te—‘l—tm‘tﬂc-léist SO_years r@sultedlun‘tl‘ic—dlﬁl%ﬁfﬂ? 1%)?[’4—]

genotypes-associated ‘with inereased "severity [2].

In Brazil, the State of Rio de Janeiro (R]), in the

Southeast region (Figure 1A) has been important to the
epidemiology of dengue, with the introduction of
DENV-1 in 1986, DENV-2 in 1990 and DENV-3 in
2000 [3]. The latter was prevalent in the majority of
Brazilian States from 2002 to 2006 and, from 2007 to
2009 this serotype was displaced by DENV-2. In 2008,

* Correspondence: flaviab@ioc fiocruzbr
'Laboratério de Flavivirus, Oswaldo Cruz Institute, Rio de Janeiro, Brazil
“ull list of author information is available at the end of the article

() BioMed Central

DENV-=1iifalls-intosfive-distinet genotypes-désignated "as

genotype 1 (Southeast Asia, China and East Africa), gen-

otype Il (Thailand), genotype III (Malaysia), genotype IV
(South Pacific) and genotype V (America/Africa) and
the existence of lineages with distinct geographic and
temporal relationships have been suggested [5,6]. More-
over, lineage turnover or replacements have become
more frequently common in phylogenetic studies. The
term “lineage” has been used non- officially to charac-
terize those viruses clustered in clades in a taxonomic
level beneath genotype [7].

© 2011 dos Santos et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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patients serum using QIAamp Viral RNA Mini kit (Qia-
gen) following the manufacturer’s instructions and
stored at -70°C for DENV typing and sequencing.

The sequencing reaction was performed by reverse
transcription using 5 pL of extracted RNA in 25 pL of
AccessQuick™ RT-PCR System (Promega Corporation)
and specific oligonucleotides primers which sequences
can be provided upon request, to amplify the C/prM/M/
E region of 2,325 bp. Amplification was conducted
using a Model 9700 thermal cycler (Applied Biosys-
tems). PCR products were purified from using QIAquick
Gel extraction Kit or QIAquick PCR purification Kit
(Qiagen) and used as template for cycle sequencing.
Sequencing reactions were performed as recommended
in the BigDye Dideoxy Terminator sequencing kit
(Applied Biosystems) and the products were analyzed
using an automated 3130 DNA Sequencer (Applied Bio-
systems). Sequences for the complete E gene (1,485
nucleotides) were deposited in GenBank (http://www.
ncbi.nlm.nih.gov).

The sequences multiple alignment was performed
using CLUSTAL W (http://www.ebi.ac.uk/clustalw/) and
the phylogenetic analysis by MEGA 4 software (http://
www.megasoftware.net), using the “Neighbor-joining”
method, according to the Tamura-Nei model, with a
bootstrap of 1,000 replications. Strains representative
from the five genotypes available in Genbank (http://
www.ncbi.nlm.nih.gov) were used for the comparison,
DENV-2, DENV-3 and DENV-4 strains were used as
outgroup to root the trees.

The results based on the analysis of the E gene
sequences have demonstrated that the DENV-1 strains
isolated during 2009/2010 in R] and one isolated in the
State of Espirito Santo (ES) used for comparison purposes,
still belong to genotype V' (America/Africa) previously
detected in the country, but grouping into a distinct clade
(lineage 1I) of that represented by earlier Brazilian DENV-
1 strains (lineage I) with a strong bootstrap support. In
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fact, the re-emergent DENV-1 was more closely related to
strains isolated in Singapore in 1990 and in 2005, suggest-
ing a probable Asian origin. However, one strain isolated
in 2010 (15/BR/MS/2010) from a R] resident who traveled
to Mato Grosso do Sul (MS), Midwest region and one
strain recently isolated in 2011 in RJ (0122/BR/R]J/2011)
grouped together forming another distinct clade (lineage
11I), grouping with strains isolated in 2007 and 2008 in
Colombia, Venezuela and Mexico, suggesting a Latin
American origin for those strains (Figure 1C).

In spite of the continuous low circulation in the coun-
try, the low percentage of identity of the newly isolated
viruses with those strains first introduced in the 80’s
suggest that the re-emergent DENV-1 did not evolved
locally but occurred probably due to new lineages intro-
ductions in the country (Table 1). The analysis based on
the E gene sequences from DENV-1 strains isolated in
the Northern region of Brazil from 2000 to 2008 avail-
able on GenBank support the idea that those viruses
could have been introduced earlier and their low or
silent circulation could be due to the prevalent DENV-
3/DENV-2 circulation during that time (unpublished
data). The circulation of more than one DENV-1 “line-
age” has been described in Asia [6] and in the Americas
[7]. A previous study by Carrillo-Valenzo [11] recently
reported multiple viral lineages introductions for each
DENV serotype in Mexico with frequent lineage replace-
ments. In fact, lineage replacements appear to be a more
common observation than long term lineage persistence
[12].

Lineage replacement occurs when an entire clade of
viruses that has persisted in a particular locality for a
period of time is not evident on a subsequent sampling,
indicating that it has dropped dramatically in frequency,
even experiencing extinction, and sometimes replaced
by a new clade of viruses [13]. Despite this, the evolu-
tionary processes controlling these events are not fully
understood. Recently, it has been suggested that despite

Table 1 Sequences identity between Brazilian DENV-1 based on the E gene analysis (1,485 nucleotides)

DENV-1 Strains  55/2009" 1435/2009 1433/2009 15/2010 19/2010 20/2010 188/2010 0122/2011 31768/1986 31807/1986
55/2009 - 99,6° 99,6 958 99.8 93,8 998 956 96,8 96,9
1435/2009 99,7 - 1000 956 99,7 99,7 99,7 954 96,6 96,7
1433/2009 99,7 100 - 956 99,7 99,7 99,7 954 96,6 96,7
15/2010 29,1 98,9 98,9 - 95,8 95,8 958 994 981 98,1
19/2010 100 99,7 99,7 99,1 - 100 100 956 96,8 96,9
20/2010 100 99,7 99,7 99,1 100 - 100 956 96,8 96,9
188/2010 100 99,7 99,7 99,1 100 100 - 956 96,8 96,9
0122/2011 98,9 98,9 98,9 99,7 98,9 98,9 98,9% - 97.7 97,7
31768/1986 99,1 9289 98,9 99,5 99,1 99,1 99,1% 9293 - 09,6
31807/1986 98,9 98,7 98,7 99,3 98,9 98,9 98,9% 29,1 99,7

% Brazilian strains analyzed in this study. Strain name followed by year of isolation; b, percentage of nudeotide identity as determined by BioEdit (http://www.
mbio.ncsuedu/bioedit/bioedit.html); = percentage of amine acid identity (bold).
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the endemicity of a particular serotype in a specific geo-
graphic region for a long period, different viral clades
may be involved in that period [14]. It is known that the
introduction of new DENV serotypes/genotypes/lineages
is a major risk factor for dengue epidemics. In 2009/
2010, 1,471,390 dengue fever (DF) suspected cases and
665 deaths were reported in Brazil, with DENV-1 caus-
ing epidemics in most states [4,15]

It is not clear whether the explosive epidemic reported
in Brazil during 2009 and 2010 caused mainly by
DENV-1 was due to this lineage replacement. The
population susceptibility to this serotype which has not
circulated for almost a decade and the occurrence of
secondary infections in a hyperendemic country may
also have played an important role in the disease epide-
miology,. In this scenario, the monitoring of DENV is of
great relevance to observe the spread of potentially viru-
lent strains as well to evaluate its impact over the popu-
lation during an outbreak.

Due to the Brazil’s geography and dengue epidemiol-
ogy, along with the fact the country has important tour-
ist regions, a larger sampling analysis is suggested to
better characterize those replacement events and lineage
introductions in the country.
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4.2- Artigo 2- Dengue Virus Type 1 From Field-Caught Vectors And
Humans In Brazil: Phylogeny Reveals Different Lineages Of The

American African Genotype In 25 Years.

Referéncia Bibiografica: Marcia Gongalves de Castro, Fernanda de Bruycker
Nogueira, Rita Maria Ribeiro Nogueira, Anielly Alves Ferreira, Nieli Rodrigues da Costa
Faria, Priscila Conrado Guerra Nunes, Ricardo Lourenco-de-Oliveira, Flavia Barreto dos

Santos.

Situac&o do manuscrito. Submetido ao periodico “PL0oS One”.

Este artigo atende ao objetivo especifico 1.

Resumo: Desde a sua entrada no Rio de Janeiro em 1986 até 2001 o sorotipo DENV-1
(gendtipo V) (America/Africa) circulava com a linhagem |. Apds sua ressurgéncia em
2009, e com analise filogenética do gene E, foi possivel constatar que o DENV-1 ainda
pertencia ao gendtipo V, porém amostras de 2009, 2010 e 2011, tanto de humanos, como
do vetor, apresentou a co-circulacdo de mais duas linhagens (Il e III). Também foi
observado pela caracterizacdo molecular que houve uma divergéncia maior entre as

linhagens Il e 111, com substituicdes de aminoécidos principalmente na linhagem I1I.
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Abstract

Background

Dengue viruses (DENV) replicate alternately on the mosquito vector (mainly Aedes
aegypti) and human host. In Brazil. dengue became a major public health problem after
DENV-1 introduction in 1986 in Rio de Janeiro and in 2009, this serotype re-emerged
causing major epidemics in the country. Since then. a virological and entomological
program was established for monitoring DENV in human sera and vectors and it has
constituted an important tool for dengue epidemiology and vector-virus-host

interactions studies.

Methods and Results

DENV-1 was identified by virus isolation and RT-PCR during the 1986. 2001 and 2010
entomological surveillances performed in Rio de Janeiro (RJ) and Roraima (RR) and the
Real Time qRT-PCR detected 1.6x10* copies/mL of DENV-1 in the macerate of a
single de. aegypti female naturally infected. The phylogeny demonstrated that DENV-1
isolated from both field-caught vector and humans belong to genotype V
{Americas/Africa). although the co-circulation of two distinct lineages (lineages IT and
III) was detected. A higher sequence divergence was observed between lineages IT and
II. and most amino acid substitutions were observed on domain III from E protein.
Moreover., some residues were exclusive to some lineages. and may be predicted to be

differentiating the three lineages.
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Conclusions

The use of molecular techniques combined to virus isolation showed to be important
approaches for the surveillance and molecular characterization studies of DENV from
field-caught vectors. We detected DENV-1 in the vector after this serotype was first
mtroduced during a virgin soil epidemic (1986). when it co-circulated with DENV-2
and DENV-3 (2001) and during the DENV-4 introduction (2010). demonstrating the
co-circulation of two distinct lineages of the genotype V in Brazil. The molecular
characterization showed sequence differences lineage-specific. independently in which
host the virus was isolated. Moreover. we also determined the viral titer in a single Ae.

aegypti female naturally infected.

Author Summary

Dengue became a major public health problem in Brazil and since 1986 a virological
and entomological surveillance program has been established to monitor dengue
activity. The entomological surveillance of DENV in Ade. aegypti mosquitoes and
or/larvae may constitute an important tool for early prediction of dengue outbreaks.
Furthermore, as lineage replacements have been considered as a major driver in dengue
evolution m South America. phylogenetic studies from viruses isolated in human host
and vectors may help to elucidate the genetic diversity and transmission dynamics in
endemic and epidemic settings. Here. we detected and characterized DENV-1 isolated

from both Ae.aegipri vector and human host isolated in 25 years in Brazil.
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Introduction

Dengue viruses (DENV). Flaviviridae Family. comprehend four distinct serotypes
(DENV-1 to 4) and are the most important human arboviruses worldwide. They are
transmitted by the bite of mosquitoes belonging to genus dedes. with dedes aegypii (4e.

aegypti) being its main vector.

DENV evolution has been associated to its global expansion due to the widespread of
its vector. increase of human population size, uncontrolled urbanization and expansion
of international commerce and travel [1-3]. Currently. an estimated 2.5 billion people
living in urban areas in tropical and sub-tropical countries in Southeast Asia, the Pacific
and the Americas are at risk of infection [4]. However, if current global weather trends
continue, it is predicted that 50-60% of world’s population may be at risk of dengue

mnfection by 2085 [5].

In Brazil. the first outbreak after the reintroduction of 4. aegypti in the country was
caused by DENV-1 and DENV-4 in Boa Vista, State of Roraima (RR). in the

Northwestern country’s border, during 1981-1982 [6]. Four years later, DENV-1 caused

78  the first epidemic in virgin soil in the municipality of Nova Iguagu. State of Rio de
79  Janeiro (RJ). Southeast region [7]. Since then. RJ has played an important role ir
80  dengue epidemiology in the country. with the first introduction of DENV-2 in 1990 [&
81 and DENV-3 in 2000 [9]. DENV-3 was prevalent in the majority of Brazilian States
82  from 2002 to 2006 and, from 2007 to 2008 this serotype was displaced by DENV-2. It
83 2008 Brazil experienced a severe dengue epidemic mainly caused by DENV-2 with

84  806.036 cases reported and RJ alone was responsible for 255.818 cases. In 2009,
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DENV-1 re-emerged in the Southeast region and it was the serotype detected in 50.4%
of the viral isolations. displacing DENV-2 and DENV-3 [10]. Despite the introduction
of DENV-4 in RR in 2010 and its subsequent spread to other states of the country [11].
DENV-1 was the most prevalent serotype. responsible for epidemics with more than 2

million cases reported in Brazil in 2010 and 2011 [12.13].

The DENV RNA encodes a single precursor polyprotein which is cleaved co- and post-
translationally into three structural (C., ptM/M and E) and seven non-structural (NS)
proteins (NS1. NS2A. NS2B. NS3. NS4A. NS4B. NS5) by viral and cellular proteases
[14]. The DENV E protein (~495 amino acids) is composed by three domains. domain I
which organizes the protein structure, domain II which bears the fusion loop and
domain III. a highly immunogenic immunoglobulin (Ig)-like module thought to contain

receptor binding sites and neutralizing epitopes [15-20].

Nucleic acid sequencing allowed the classification of DENV into genetically distinct
groups or genotypes within each DENV serotype with sequence divergence not greater
than 6% within the E/NS1 junction [21].This observation was latter confirmed by the

complete E gene sequencing [22-35].

Currently. phylogenetic analysis based on the E gene sequences has demonstrated that
DENV-1 falls into five distinct genotypes designated as genotype I (Southeast Asia.
China and East Africa). genotype II (Thailand). genotype III (Malaysia). genotype IV
(South Pacific) and genotype V (America/Africa) [33]. Furthermore, the existence of
lineages with distinet geographic and temporal relationships within each genotype have

been observed [36-40]. Lineage turnover or replacements have become more frequently
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common in phylogenetic studies and the term “lineage™ has been used non- officially to

characterize those viruses clustered in clades in a taxonomic level beneath genotype.

Here. we aimed to analyze DENV-1 strains circulating in field-caught vectors and
humans in an epidemic-endemic scenario, during the last 25 years in Brazil. As the
vears passed by, the availability of new molecular techniques played an important role

on DENV surveillance in humans and vectors.

Materials and methods

Ethical Statement

All human DENV-1 strains belong to a previously gathered collection from the
Laboratory of Flavivirus, Instituto Oswaldo Cruz/Fundagio Oswaldo Cruz
(TIOC/FIOCRUZ). Rio de Janeiro. Brazil. obtained from acute phase human serum
through the passive surveillance system 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.

Mosquito larval and adult stages examined in this study were collected by the staff of
the local State Dengue Control Program during the routine performed for the
determination of house infestation index. entomological and virological surveillances.
The Transmussores of Hematozoarios Laboratory is a reference laboratory for dengue
entomological swrveillance. for the Brazilian Ministry of Health. During the routine

surveillance. field workers do not get any personal information from house owners and
6
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no report identifies the house address. Anonymity is respected and no special
permission for house entrance for mosquitoes collection and larval site treatment is

required.

Viruses

The DENV-1 samples used i this study were isolated from Ae. aegypti adult
mosquitoes and/or larvae and human hosts naturally infected in Brazil during epidemics
spanning 25 years (1986-2011). Six isolates (three from A4e. a@egypfi and three from
humans) sequenced in the present study were also compared to other ten recently

analyzed by our group [41]. Detailed information on the strains is provided on Table 1.

Entomological Surveillance Study Sites

The entomological surveillance is often performed by Transmissores de Hematozoarios.
IOC/FIOCRUZ during inter-epidemic and epidemic periods in areas of DENV cases

mtroductions and emergences. Here, the municipality of Nova Iguacu, RJ was selected

57
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introductions the country in 1986 and 2001. Nova Iguacu is 523km” in ares
the metropolitan region of RJ. composed by 69 neighborhoods and 767,505 ;
with a population density of 1.517 inhabitants per km’. The 2010 ent
surveillance was performed in Boa Vista. RR. aiming to detect DENV-
introduction in the country. The city of Boa Vista is 5.687 km® in area loc
North Region of RR with 290,741 inhabitants and a population density of 51

per km’.
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Entomological Surveillance in 1986

During the 1986 epidemic occurred in the municipality of Nova Iguacu. when DENV-1
was firstly introduced in RJ. a total of 120 Ade. aegypti females were field-caught in this
epidemic area in May. one month after the first DENV-1 isolation from humans. Adult
females were separated in pools of 30 (total of 4 pools) and submitted to virus isolation

at that time [42].

Entomological Surveillance in 2001

Aiming to isolate DENV-3 from Aedes vectors. just after this serotype introduction in
the country by the municipality of Nova Iguacu., RJI. in December of 2000, an
entomological surveillance was performed in 18 out of 69 neighborhoods. Collections
were performed in artificial containers in the household from dengue suspected cases
from January to September. 2001. de. albopicuts females (#=22). males (#=7) and
larvae (#=15) and Ae. aegypti females (7=176). males (#=77) and larvae (n=2,181)
were available. Ade. albopictus were separated in 8 pools composed by 1 to 10
specimen/pool. de. aegypti females and males were separated in 26 and 22 pools (1 to
10 specimen/pool), respectively and larval pools were separated in 198 pools (2 to 10

larvae/pool) . All pools were macerated and submitted to virus isolation and RT-PCR.

Entomological Surveillance in 2010

Aiming to isolate DENV-4 just after this serotype introduction in the country in July of
2010, an entomological surveillance was performed in Boa Vista, RR and de. aeqypfi

larvae, adult females and males (n=3.705) were collected by Maciel-de-Freitas et al

8
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(unpublished data) at dengue suspected cases neighborhoods. A total of 234 pools of
larvae (1=2.340 larvae; 10 larvae/pool). 128 pools of females (n= 1.218 females). and
15 pools of males (#=147 males) collected in July and August were available. The 1.218
females were divided in pools as follows: 120 pools composed byl0 females each. 1
pool with 4 females. 3 pools with 2 females each. 2 pools with 3 females and 2 females
were individually macerated. Males were divided in 14 pools of 10 and 1 pool of 7. All
pools or individual specimen were processed and mitially submitted to RT-PCR. Virus

1solation was attempted afterwards.

Human viral strains

Aiming to analyze geographically distinct DENV-1 strains and to better characterized
DENV-1causing recent epidemics in Brazil, we sequenced three human DENV-1 strains
1solated from dengue cases occuired in the States of Alagoas (AL) and Ceara (CE).
Northeast region of the country in 2010, as the other ten human DENWV-1 strains
mcluded for phylogenetic analysis were already representative by States from

Southeast and Midwest regions of Brazil [41].

Preparation of vectors

The pools were macerated in 1 mL of Leibovitz L-15 medium (Sigma) plus antibiotics
(penicillin-streptomycin. 10.000 units - Invitrogen) and centrifuged (6.000 rpm at 4° C
for 30 min). Supernatant was transferred to an Eppendorf tube containing 100 mL of
streptomycin / fungizone and penicillin. kept in an ice bath for 1 hour and centrifuged
(3.000 rpm at 4° C for 15 min). Supernatant was transferred to an Eppendorf tube

containing 0.3mL of fetal calf serum (Invitrogen) and frozen (-70 ° C) until use.
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Virus isolation

Virus isolation was performed by inoculating C6/36 4dedes albopictus cell line culture
[43] kindly provided by Laboratorio Central. Bahia (LACEN/BA) and isolates were
identified by indirect fluorescent antibody test (IFAT) using serotype-specific
monoclonal antibodies [44]. Briefly. patients’ sera or mosquitoes’ macerates were
moculated into C6/36 Ae. albopictus cell monolayers in Leibovitz L-15 medium
(Sigma) supplemented with 2% fetal calf serum (Invitrogen) and 0.2 mM of
nonessential amino acids (Invitrogen). Cells were incubated at 28° C for 5 to 7 days and

daily observed for cytopathic effects. Infected supemnatant was clarified by

centrifugation and virus stocks stored in 1-mL aliquots at —70°C until use.

Viral RNA extraction

Viral RNA was extracted from original infected cell culture supernatant or directly from
the adult mosquitoes or larvae macerates using QIAamp Viral RNA Mini kit (Qiagen)
following the manufacturer’s instructions and stored at -70° C for RT-PCR assay to
serotype DENV and sequencing for genotyping viruses.
To avoid mutations introduced by in vitro passages of the virus incell cultures, we
used DENV-1 strains extracted directly from serum previously detected by RT-
PCR or originally isolated from cell culture when serum did not vield enough volume

for RNA extraction.
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RT —PCR (Reverse transcriptase- polymerase chain reaction)

RT—PCR for detecting and typing DENV was performed as previously described [45].
Briefly. consensus primers were used to anneal to any of the four DENV types. and
amplify a 511-bp product in a reverse transcriptase-polymerase reaction. A cDNA copy
of a portion of the viral genome was produced in a reverse transcriptase reaction. After a
second round of amplification (nested PCR) with type-specific primers. DNA products

of unique size for DENV-1 (482 bp) were generated.

Real Time qRT —PCR (Real Time Quantitive Reverse Transcriptase-

Polymerase Chain Reaction)

For viral quantification . the RNA from the original de. aegypii individually macerated
was submitted to Real Time qRT-PCR according to the protocol described by [46].

Briefly. sense (DenS [GGATAGACCAGAGATCCTGCTGT]) and anti-sense primers

and probe (DenP [CAGCATCATTCCAGGCACAG]) were used to amplify the
3'untranslated region of DENV genome. All 5'nuclease probes were labeled with 6-
carboxyfluorescein at the 5° end and with 6-carboxy-N.N.N'.N'-tetramethylrthodamine

at the 3’ end.

Sequencing

The sequencing reaction was performed by reverse transcription using 5 uL of extracted
RNA in 25 uL of AccessQuick™ RT-PCR System (Promega Corporation) and specific

oligonucleotides primers. which sequences can be provided upon request. Primers were
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used to amplify approximately 900 base pair (bp) fragments with 200bp overlapping
regions spanning the C/prM/M/E genes (2.325 bp). Fragment were sequenced in both
directions and thermocycling conditions consisted of a single step of 42°C for 60
minutes and 40 cycles of desnaturation at 94°C (30 seconds). annealing at 56%or 63°C
(60 seconds) depending on the set of primers, extension at 72° C (2 minutes) and a final
extension at 72° C (10 minutes). Amplification was conducted using a Model 9700
thermal cycler (Applied Biosystems). PCR products were purified from 1.0% agarose
gels using QIAquick Gel extraction Kit or QIAquick PCR purification Kit (Qiagen) and
used as template for cycle sequencing. Sequencing reactions were performed as
recommended by the BigDye Dideoxy Terminator sequencing kit (Applied Biosystems)
and the products were analyzed using an automated 3130 DNA Sequencer (Applied
Biosystems). Sequences for the complete E gene (1.485 nucleotides) were deposited in

GenBank (www.ncbi.nlm.nih.gov).

Sequences and phylogenetic analysis

Sequence and similarity identity analysis was performed using BioEdit software

http://www.mbio.ncsu.edu/bioedit/bioedit.html). The E genes (1.485bp) multiple

alignment was performed using CLUSTAL W (http://www.ebi.ac.uk/clustalw/) and the

phylogenetic analysis by MEGA 5 software (www.megasoftware.net), using the

"Neighbor-joining" method. according to the Tamura-Nei model, with a bootstrap of

1000 replications. Strains representative from the five genotvnes available in Genbank

=
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(www.ncbinlm.nih. gov) were used for the comparison, DENV-2, DENV-3 and DENV-

4 strains were used as outgroup to root the tree.

Results

Entomological Surveillance in 1986, 2001 and 2010

During 1986. the Flavivirus Laboratory. IOC/FIOCRUZ. received a total of 1.629
dengue suspected cases from the State of RJ. in the first epidemic in virgin soil, with
594 DENV-1 isolations from human cases and 78 from Nova Iguacu. During the
entomological surveillance. one DENV-1 strain (BR/RJAeaegypti/86) was isolated out
of four pools of 120 4. aegypti females analyzed. Isolations were performed by
mmoculation into C6/36 Ae. albopictus cells. with subsequent serotype identification by
IFAT. The RT-PCR was recently performed in the original macerate. and DENV-1 was
confirmed as the infecting serotype. As the nucleic acid extraction did not yield enough
RNA for sequencing. the original macerate was re-inoculated for new virus isolation

and extraction.

In 2001. a total of 4.834 dengue suspected cases from RJ were received in the
Laboratory for diagnosis and. DENV were isolated in 10.2% (494/4.834) of the cases:
329 DENV-1, 116 DENV-2 and 49 DENV-3. In Nova Iguacu, a total of 84 DENV-1,
33DENV-2 and 11 DENV-3 were isolated from human cases [47]. During the
entomological swrveillance in 2001, when DENV-1 co-circulated with DENV-2 and
DENV-3. only one pool out of 198 (0.5%) composed by five de. aeqpti larvae

collected in Nova Iguacu on August of 2001 was positive to DENV-1 by both cell

13
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culture inoculation and RT-PCR. The infecting DENV-1 strain was designated as
BR/RJ74342/01. DENV-3 was identified in three 4e. aegypti females (9 females/pool
each) and were further investigated (Castro et al., in preparation). No DENV were

detected on the 4de aegypti adult pools or on the de. albopictits pools.

During the DENV-4 entomological surveillance performed on RR. in 2010. only one
female individually examined was positive to DENV-1 by RT-PCR. Quantitive RT-
PCR (qRT-PCR) was performed for DENV-1quantification and the results obtained
showed that a total of 1.6x10* copies/mL of DENV-1 was detected in the macerate of
the female. Subsequently. the single female macerate was submitted to virus isolation
and the identification of the infecting DENV-1 (strain BR1107/11) was confirmed by
IFAT. A total of 377 pools were tested and the DENV detection rate by RT-PCR
considering all polls analyzed was 0.26% (1/377). However, considering only the adult

female pools. the detection rate is increased to 0.78% (1/128).

Phylogeny of Dengue Virus Type 1 from field-caught vectors and humans

The E gene sequences (1.485 bp) analysis from viruses isolated in de. aegypti adult
females and larvae and humans demonstrated that DENV-1 isolated in the last 25 years.
representative of six different states in the Southeast. Midwest, Northeast and North
regions of the country, still belong to genotype V (Americas/Africa). but the existence
of three different lineages was observed. The DENV-1 strains BR/RJAeaegypti/86 and
BR/RJI74342/01 respectively isolated from the female mosquitoes and larvae, in 1986
and 2001. grouped together on lineage I. formed by DENV-1human strains isolated in
1986. 1990, 1997 and 2001 (Figurel) . However. one DENV-1strain isolated from a

human host in CE state in 2010 (strain BR594/11) grouped on Lineage II, with strains

14
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1solated during DENV-1 re-emergence in 2009 and 2010. As previously observed (dos
Santos et al.. 2011). a third lineage (lineage III) was identified and represented by
strains isolated in humans in 2010 and 2011. DENV-1 strains isolated from humans in
AL in 2010 (strains BR1141/11 and BR1142/11) and from the female mosquito isolated
in 2010 in RR (strain BR1107/11. grouped together on this lineage. with a strong
bootstrap support. Interestingly. the sequence of one DENV-1 strain isolated in Brazil in
1982 available on Genbank. did not group with strains from lineage I. showing no

relation to strains introduced in 1986 in RJ (Figure 1).

Molecular characterization of the Brazilian dengue virus type 1 envelope

(E) gene sequences

The nucleotide identities observed for Brazilian DENV-1 lineages based on the analysis
of the E gene ranged from 95.6% to 96.9% between lineages I and II and from 96.7% to
98.3% between lineages I and III. The lower similarities were observed between
lineages 1T and IIT (95.4% to 95.8%). showing divergences ranging from 4.2% to 4.6%.

depending on the strains compared (Table 2).

In order to better characterize the genetic differences among the Brazilian DENV-1., we
compared the complete E gene sequences from the three distinct lineages and observed
six substitutions: one on domain I and five on domain II. Some of the residues are
exclusive to some lineages and may be predicted to be differentiating the three lineages.
On Exo7 (domain I). lineages IT and IIT share a methionine (M). while a threonine (T) is
exclusive to lineage I. On E;3s. a substitution (S—L) is observed only on lineage II. and

it is exclusive to this lineage. On FEss. all three lineages mostly share a T. with
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exception of two strains (BR1435/RJ/2009 and BR1433/RJ/2009) from lineage II
solated from humans in RJ in 2009 (T—N) and one strain (BR0122/11/RJ/2011) from
lineage 1T isolated from a human host in RJ in 2011 (T—A). On Ejgq. one residue (R) is
exclusive to lineage ITI, however the strain isolated from the single de. degypri female
from RR in 2010. despite grouping on lineage III. it shares the same residue from
lineages I and II (R—K). As shown in Table 3 and Figure 1. lineages I and III are more
closely related sharing more common residues on the E gene. The most divergent
lineage (lineage II). presents three exclusive residues to this lineage (Esss. Esg and

Eas6). all located on the domain III of the E gene.

As most of the substitutions on the three lineages were observed on this domain. we
further analyzed this region aiming to predict whether this particular region would be
able to differentiate the distinct lineages. The phylogenetic analysis based only on the
195 amino acids from the domain ITT showed reproducibly the existence of the three
lineages with the same tree topology presented by the analysis of the complete E gene

(Figure 2).

Discussion

In the past 25 years, a global increase in both Ade. degvpti distribution and dengue
epidemics have been reported [48.49]. In Brazil, the disease has become a serious public
health problem in most large cities of the country. particularly RJ. considered the main
entry point for DENV. The spread of the viruses within the city and to other States is

favoured by the high population densities and the frequent movement of residents and
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tourists entry [50.51]. Since 1986 a virological and entomological program was

established for monitoring DENV in human sera and vectors [8.42.52.53].

Despite the presence of de. albopictus, only Ae. aegypti has been incriminated as
natural vector of DENV in Brazil [50]. The entomological surveillance of DENV in
adult as well as in immature mosquito stages constitutes an important tool for early
prediction of dengue epidemics. Moreover. virological surveillance screening field-
caught dengue vectors by using RT-PCR has been useful to early detect dengue
outbreaks m endemic regions and/or for the detection of new DENV introductions [54-
60]. In our study. RT-PCR was effective on detecting the infecting serotype in field-
caught mosquitoes in 2001 and 2010 as a screening tool and also as a retrospective
study tool. by detecting the RNA from a macerate from 1986. frozen for 24 years.

The DENV-1 detection rate by RT-PCR in mosquitoes isolated mn 1986 during the
entomological surveillance performed in the first epidemic in virgin soil in RT was of
25%. Due to the epidemiological importance of RJ. a virological surveillance program
was established in Nova Ignacu. RJ. for monitoring DENV activity during inter-
epidemic periods. This has led to the first isolation of DENV-3 in December of 2000
from a classic dengue fever case and from the 4de. aegvipti collected on the field [9.53].
However. before causing one of the most severe epidemics in 2002 [61]. DENV-3 co-
circulated in RJ with DENV-1 and DENV-2 [47] and the entomological surveillance

also detected DENV-1 in one pool of larvae by RT-PCR and virus isolation.

In 2009. DENV-1 re-emerged in Brazil displacing DENV-2 and DENV-3 [10] and
despite the introduction of DENV-4 in RR in 2010 and its subsequent spread to other
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states of the country. DENV-1 was the most prevalent and responsible for epidemics

with more than 2 million cases reported in Brazil in 2010 and 2011 [12.13].

Aiming to address the dispersal of DENV-4 in the city of Boa Vista. RR. where a few
DENV-4 cases have been newly detected, an entomological surveillance performed in
July and August 2010 (Maciel-de-Freitas at al., unpublished data) yielding 3.705 Ae.
aegypti adult and larvae to be tested. Despite the recent introduction DENV-4, DENV-1
was the infecting serotype detected in one de. aegypti female, individually macerated

and analyzed by RT-PCR (detection rate = 0.78% for adult mosquito females).

DENV detection rates on 4edes mosquitoes vectors by RT-PCR may vary depending on
the geographic settings. epidemiological backgrounds and vector population. In Taiwan,
only 0.2% of 43.133 de. aegypti females analyzed were positive for DENV [59].
Recently. it has been shown that 16.1% of the 4e aegypti females collected in Mexican
schools were DENV infected [62]. In Brazil. previous studies have shown rates of 17%
in a DENV-3 surveillance performed during an epidemic in the city of Manaus, North
region of Brazil [56]. On the other hand. only 0.1% of adult mosquitoes were infected
by the same serotype when an entomological surveillance was performed in RJ. during
the inter-epidemic year of 2006 (Pereira et al., unpublished data). In Recife, Northeast
region of the country 10% of pools tested were infected and. despite the prevalence of
DENV-3 in human cases, DENV-2 and DENV-1 were also detected in mosquitoes, with
the latter being the most frequently detected [60]. Interestingly. in two opportunities of
our present study (2001 and 2010), DENV-1 was detected in mosquitoes when other

serofypes were being investigated, both after new serotypes introductions. It has been
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suggested that a prevalent serotype may persist for one or two years until replaced by a
new one [54]. Even though PCR assays have proven to be an effective tool for
virological surveillance of DENV on field-caught adult mosquitoes and immature
forms, high detection rates and even co-infections should be addressed carefully and
preferably confirmed by other techniques such as virus isolation and genome

sequencing.

Real-Time RT-PCR techniques have been established as more rapid and sensitive for
detecting and quantifying DENV in clinical samples [46.63-66]. Furthermore. it was
employed to quantify DENV-2 in laboratory infected mosquitoes [67.68]. Moreover.
this technique is already being used as the standard method for screening arboviruses in
field-caught mosquitoes in Singapore [68]. Here, we used the Real-Time RT-PCR to
quantify the DENV-1 titer (1.6 x 10* copies/mL) from a single Ade. aeqvpti female
naturally infected and individually macerated. From our knowledge. this is the first
study describing the DENV titer in a single de. aegypti female naturally infected in
Brazil. This observation is quite relevant as the threshold of viremia in humans needed
to infect mosquitoes has not been measured accurately [69].

Phylogenetic studies based on viruses isolated from both field-caught naturally infected
mosquitoes and humans may contribute for a befter understanding of vector-virus
interactions. In this study. the phylogeny of DENV-1 strains isolated from DENV
vectors and from human host was performed to characterize the genotype circulating for
25 years in Brazil. The analysis of the E gene sequences from viruses isolated in adult
mosquitoes. larvae and human host demonstrated that DENV-1 representative of six

different states in the Southeast. Midwest. Northeast and North regions of the country.
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existence of muldtiple lineages of the Indian DEHNV-1 within the 2

genotype has been recently reported [70].

The first outbreak after the reintroduction of 4e. agecypfi in Brazi
DENV-1 and DENV-4 in Boa Vista. RR during 1981-1982 [6]. T
restricted to this remote city located in the sparsely populated Northwe
Brazilian Amazon. Four years later, DENV-1 caused the first

Southeastern Brazil, almost 5.000 km apart [7]. Interestingly, one T
available on Genbank, from a strain isolated in Brazil in 1982, du
strains from lineage I. showing no relation to strains introduced in 1¢
other hand. the two DENV-1 strains isolated from mosquitoes collect
apart (1986 and 2001). grouped together on lineage L. formed by DEN
isolated in 1986, 1990, 1997 and 2001. It may suggest distinet DENV-
RR (1981-1982) and RJ (1986), lineage replacement or even evoluti
with the acquisition of adaptive mutation in DENV-1 providin
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RR grouped together on this lineage, with a strong bootstrap support. Furthermore, the
lower nucleotide similarities were observed between lineages IT and IIT (95.4% to

95.8%).

The mechanisms involved on lineage replacements are still not fully understood. despite
some hypothesis raised [29] and the circulation of more than one DENV-1 “lineages”
has been described in Asia [38] and in the Americas [72]. Multiple viral lineages
mtroductions for each DENV serotype in Mexico with frequent lineage replacements
was reported [73]. Recently. four distinct DENV-1 lineages with different dynamics
were identified over a 10-year period in Cambodia [39] and constant viral introductions

and in situ virus evolution are contributing to DENV diversity in Singapore [74].

The DENV E protein (~495 amino acids) is composed by three domains. domain I
which organizes the protein structure, domain II which bears the fusion loop and
domain IIL. a highly immunogenic immunoglobulin (Ig)-like module thought to contain
receptor binding sites [15.16]. Neutralizing epitopes in domain IIT of DENV include

residues 307, 333-351 and 383-389 [17.18]. Furthermore, a more detailed
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strains from lineage II present exclusive residues are more ¢l

common residues on the E gene (Table 3 and Figure 1). T
(lineage II), presents three exclusive residues (Eisg. Egpg an
domain IIT of the E gene. The phylogeny based only on the
domain IIT showed reproducibly the existence of the three li

topology presented by the analysis of the complete E gene.

Lineage replacements have been considered as a major drit
South America [72.73.75.76] and Asia [38.39.74]. Phyloge
isolated in human host and vectors may help to elucidate
transmission dynamics in endemic and epidemic settings. T
and providing sequences on both hosts, as obtained herein. w
Moreover. as a key issue for dengue spread is the virus-vec
entomological surveillance of DENV in de. qegvpti mosq

constitute an important tool for early prediction of dengue out
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é 754  Table 1: Brazilian dengue wvirus type 1 (DENV-1) isolated from naturally infected
3
4 755  vectors and human cases, 1986 to 2011.
E GenBank Reference
- Ogigin | Year of
; Strain Source accession
10 State® | isolation
11 number
12
13 BR/RJAeaegypti/86 BJ 1986 Mosguitoes HQ&03916 This study
l';; BE/RET74342/01 RJ 2001 Mosquitoes HOQ603917 This study
17
18 BR1107/11 ER 2010 Mosquitoes JNT13897 This study
13
20 BR1141/11 AL 2010 | buman serum | JQO15184 This study
21
== BR1142/11 AL | 2010 | bumanservm | JQOIS185 This study
2% BR594/11 CE 2010 | human serum | JNO82362 This study
26
=7 BR31768/36 RJ 1986 | human serum | HQO026760 [41]
5_- BE31807/86 RJ 1985 buman serum | JN122280 [41]
31
= BRO035/00 ES 2009 | human serum | HMO43709 [41]
3s BR.1433/09 RJ 2009 | human serum | HQO26761 [41]
36
o7 ER1435/09 RJ 2009 | buman serum | HQO43710 [41]
e BRO015/10 MS | 2010 | buman serum | HQ696612 [41]
41
jf BR0019/10 RJ 2010 | human serum | HQO26762 [41]
44
5 BRO020/10 RJ 2010 | human serum | HOQ696613 [41]
4
jj BRO188/10 RJ 2010 | human serum | HQG96614 [41]
4%
=g BR122/11 RJ 2011 | human serum | JN122281 [41]
51

22 756 *EI: Fio de Japeiro, RR: Roraima, Al: Alagoas, CE: Ceara. MS: Mato Grosso do Sul, ES:

: 757  Espirite Santo).

28 758
a0 37
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0y Oy Oy O
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7;59 Table 2: Sequences identity based on the E gene analysis between Brazilian DENV-1 lineages.
10
i Lineage Lineage IT Lineage I
ﬂ Strains Aeasgypti’®6 BR31768 BR31807 74342mosq BRO055 BR1433 BRI1435 BRO019 BRO020 BRI188 BRS594 1107mosq BROO15 BR1141 BR1142 BRO122
15 -
lf _ .ime.g;pﬁ-'sd - 9.7 99.8 985 96.9 967 967 96.9 96.9 969 969 979 983 982 983 919
lél 4 BR31768 100.0° - 997 924 968 966 96.6 963 968 068 968 77 981 979 980 977

g E BR31807 100.0 100.0 - 983 96.9 96.7 96.7 96.9 969 0960 060 97.8 982 98.1 981 978
j‘,"j 74342mosq 100.0 100.0 100.0 - 958 95.6 956 958 058 058 958 96.7 971 960 7.0 96.7
L: | BRoosS 99.1 99.1 99.1 99.1 - 99.6 99.6 998 998 998 995 958 958 956 957 956
23 | BRI433 95.9 98.9 95.9 95.9 99.7 - 1000 997 997 997 993 95.6 956 954 955 954
z; g. BRI1435 95.9 98.9 95.9 95.9 99.7 100.0 - 997 997 997 993 95.6 956 954 955 954
26 E BRO019 99.1 99.1 99.1 99.1 1000 9.7 99.7 - 1000 1000 993 95.8 958 956 957 956
z7 BRO020 99.1 99.1 99.1 99.1 1000 99.7 99.7 100.0 - 1000 995 95.8 938 956 957 95.6
i 2 BRISS 99.1 99.1 99.1 99.1 1000 99.7 99.7 1000 100.0 - 993 95.8 938 956 957 9356
30 BR394 99.1 99.1 99.1 99.1 1000 997 99.7 1000 100.0  100.0 - 958 958 956 957 956
317 | 1107mosq 90.7 99.7 00.7 29.7 09.3 90.1 90.1 99.3 0993 903 903 - 921 981 980 979
23 Z| BROOIS 90.5 00.5 90.5 00.1 98.9 93.0 90.1 0.1 001 %0l 09.7 - 997 906 004
34 3‘ BRI141 99.5 90.5 99.5 99.1 98.9 98.9 99.1 00.1 001 900 99.7 100.0 - 99.7 004
35 3| BRI1142 90.5 905 99.5 90.1 98.9 98.9 99.1 00.1 001 900 99.7 1000  100.0 - 993
EE BR0122 99.3 99.3 99.3 99.3 98.9 95.9 95.9 98.9 95.9 98.9 959 99.5 99.7 99.7 99.7 -
38
ﬁﬂ *Taxons name were shortened to fit in table “percentage of nuclestide identity as determined by BioEdit
61 amino acid identity (bold).
42
43
44 38
45
46
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4.2. Molecular Differences Of The 3"Untranslated Region From Brazilian
Dengue Virus Type 3 Isolated From Naturally Infected Mosquitoes And

Humans

Referéncia Bibliografica: Marcia Gongalves de Castro, Fernanda de Bruycker
Nogueira, Rita Maria Ribeiro Nogueira, Ricardo Lourenco-de-Oliveira, Flavia Barreto dos

Santos.

Situacéo do manuscrito. Submetido ao periddico “Virology Journal”.
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1 Molecular differences of the 3 “untranslated region from Brazilian dengue

2 virus type 3 isolated from naturally infected mosquitoes and humans

w
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SUMMARY

Background

Dengue, a mosquito-borne viral infection caused by one of the four dengue virus
(DENV) serotypes (DENV-1 to 4). replicate alternately on the mosquito vector and
human host and are responsible for infections throughout tropical and subtropical
regions of the world. In Brazil, the disease has become a major public health problem
and, the introduction of DENV-3 in 2000 in Rio de Janeiro (RJ) was associated with
severe dengue epidemics. The potential emergence of strains associated with severe

disease highlights the need for the surveillance of DENV in human host and vectors.

Methods

Aiming to contribute for DENV phylogenetic and vector-virus-human host studies, we
sequenced the entire genome of one DENV-3 isolated from naturally infected Aedes
aegypti from RJ in 2001 and characterized the 3° UTR from strains isolated from

mosquitoes and humans.

Results

Substitutions exclusive to this strain and a substitution leading to a stop codon
formation on the NS5 gene were observed. As an 8- nucleotides deletion was observed
within the 11- nucleotides (nts) insertion on the variable region (VR) from the 3"UTR,
we further sequenced other DENV-3 from both mosquitoes (n=3) and humans (n=10)
1solated from 2001 to 2008 in RJ. The majority of DENV-3 from RI analyzed was
characterized by the I1-nts insertion in the VR of the 3'UTR, despite the observation of

strains carrying the 8-nts deletion. The latter presented similar secondary structures
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44 however, not all strains presenting the 11-nts insertion were similar in the secondary

45  predicted structure.

46  Conclusions

47  The phylogeny based on the analysis of the complete genome and 3"UTR characterized
48  the DENV-3 isolated from both vector and human host as belonging to Genotype IlI
49 (GIII), despite the differences observed on the 3 UTR. Further studies are needed to
50 address the role of those mutations in the transmission of the different viral populations

51  and vector competence.
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Background

Dengue is a mosquito-borne viral infection caused by one of the four dengue virus
(DENYV) serotypes (DENV-1 to 4), belonging to genus Flavivirus, family Flaviviridae.
The viruses replicate alternately on the mosquito vector, mainly (Ae. Aegypti) and
human host and are responsible for infections throughout tropical and subtropical

regions of the world [1, 2].

The rapid global spread of the four DENV serotypes in the last 50 years resulted in the
dispersal of genotypes associated with increased disease severity [3]. In Brazil, dengue
has been a major public health problem since DENV-1 introduction and spread in 1986
[4], however the introduction of the genotype III of DENV-3, in December 2000, in
Nova Iguacu, State of Rio de Janeiro (RJ), caused one of the most severe epidemics
reported in the country in 2002 [5-7]. Despite the co-circulation of DENV-1, DENV-2
and DENV-3 in that area, DENV-3 was the only serotype detected in pools of Ae.

aegypti during an entomological surveillance performed [8].

Sequencing of distinct DENV genomic regions has identified five genotypes for DENV-
3: Genotypes I to TIT (GI to GIII) which are responsible for most DENV-3 human
infections and have been associated with both dengue fever (DF) and dengue
haemorrhagic fever (DHF) epidemics in Southeast Asia, Indian Subcontinent, South
Pacific and East Africa and Americas, and Genotypes IV and V (GIV and GV) which
were not associated with DHF epidemics and are only represented by few early

sequences from Americas, South Pacific and Asia [9-13].
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87  The DENV genome is composed by a positive single-stranded RNA of approximately
88 11 kb in length with an open reading frame encoding for the viral polyprotein, which is
89  cleaved into three structural proteins (C. prM and E) and seven non-structural proteins
90 (NSI1, NS2A, NS2B, NS3, NS4 and NS5) flanked by 5" and 3" untranslated regions
91  (UTRs) of about 100 and 400 nucleotidest, respectively [1]. The flaviviruses UTRs are
92  predicted to form secondary stem-loop (SL) structures, which are highly conserved and
93  play arole in viral replication [14-18].

94

0F:. taeesdiag - mondicind o T e sy omdineda i he o

LRt

NS5 stop 96 three domains [18]. The domain I. which is located immediately after the

s it shows 97  codon, is considered the most variable region (VR) within the viral 3°'UTR, a
ms of this 98 large heterogeneity in both length and nucleotide sequences due to mutatic
T 119-21]. 99 sequence and can serve as a good marker for the evolution of DENV

efficiency 100  Mutations and deletions within these regions may alter infectivity and reduce
se regions 101 of viral replication [22, 23] and differences between strains occurred in the
etions and 102 may influence DENV virulence and pathogenicity [24-27]. Furthermore. del
¢ [28-30]. 103  nucleotide variations were also described in the VR within the same serotyp
and where 104  Domain II is of moderate conservation, comprising several hairpins motifs :
sthe most 105  conserved sequence (CS2) and repeated CS2 (RCS2) are present. Domain III i
SL) [18]. 106  conserved region of the 3"'UTR with CS| followed by a terminal stem-loop (3
107
ther RNA 108 It has been previously reported that DENV, particularly DENV-3, like o
ly related 109  viruses, is present in human host as quasispecies, a population of close
mosquito 110  sequences [31]. However, the extent of DENV sequence variation in the

uman and 111  vector and the role of these quasispecies during transmission between h
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© maintaining a more 113 mosquitoes may contribute to the DENV genetic stability, by

32]. 114  homogenous viral population and/or selecting a dominant variant |
115

'ector interactions, we 116  Here, aiming to contribute for the studies on human host-virus-v

turally infected field- 117 fully sequenced the genome of one DENV-3 isolated from na

comparison to other 118  caught mosquitoes in RJ and characterized the viral 3°'UTR in
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Methods

ent

V-3 strains belong to a previously gathered collection from the
avivirus, IOC/FIOCRUZ, RJ, Brazil obtained from acute phase human
1e passive surveillance system from an ongoing Project approved by
:;r CSN196/96 from the Oswaldo Cruz Foundation Ethical Committee

>274/05), Ministry of Health, Brazil.

amined in this study were collected by the staff of the Dengue Control
for the determination of house infestation index, virological and
irveillance. No special permission or written consent is required for

r mosquito collection and larval site treatment.
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Viral strains

The DENV-3 strains isolated from Ae. aegypti adult mosquitoes (n=4) and human hosts
(n=10) naturally infected in RJ, were collected from epidemics occurred from 2001 to
2008. The first Brazilian DENV-3 strain (BR74886/02) isolated from a human fatal case
fully sequenced [33] was used for comparison purposes. Detailed information on the

strains is provided on Table 1.

DENYV-3 entomological surveillances

The threeDENV-3 strains isolated (BR73354/01, BR73356/01 and BR73636/01) in
2001 from naturally infected Ae.aegypri adult mosquitoes used in this study were
collected during an entomological survey performed in 35 districts of Nova Iguacu, RJ,
from July 2000 to June 2001. The other DENV-3 strain (BR81200/06) was isolated
from naturally infected Ae.aegypri adult mosquitoes collected during an entomological
survey conducted on 7 districts with different infestation index, randomly chosen in the
municipality of Rio de Janeiro, RJ, from March 2005 to February 2006. Briefly. adult
mosquitoes were collected twice a week, alternately in the morning and in the afternoon
with manual and battery backpack aspirators and with nets, both indoors and in the
vards and gardens, close to the dwellings. Mosquitoes were identified. pooled according
to gender, date, district of collection and stored in liquid nitrogen at the same day of
collection. A total of 503 Ae. aegypti mosquitoes (352 females and 151 males) collected
in 2000-2001 and 874 Ae.aegypti females collected in 2006 were polled (9-
17mosquitoes/pool and 27 pools of 2-10 mosquitoes/pool, respectively) and processed

for virus i1solation and RT-PCR.
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Preparation of vectors

Mosquitoes pools were macerated in | ml of Leibovitz L-15 medium (Sigma) plus
antibiotics (penicillin-streptomycin, 10,000 units - Invitrogen) and centrifuged (6,000
rpm at 4 © C for 30 min). Supernatant was transferred to an Eppendorf tube containing
100 mL of streptomycin / fungizone and penicillin, kept in an ice bath for 1 hour and
centrifuged (3.000 rpm at 4 ° C for 15 min). Supernatant was transferred to an

Eppendorf tube containing 0.3ml of fetal calf serum (Invitrogen) and frozen (-70 © C).

Virus isolation

Virus isolation was performed by inoculation into monolayers of C6/36 Aedes
albopictus cells [34] in Leibovitz L-15 medium (Sigma) supplemented with 2% fetal
calf serum (Invitrogen) and 0.2 mM of nonessential amino acids (Invitrogen). Cells
were incubated at 28°C for 5 to 7 days and observed for cytopathic effects. Isolates
were identified by indirect fluorescent antibody test (IFAT) using serotype-specific
monoclonal antibodies [35] and infected supernatant was clarified by centrifugation and

virus stocks stored in 1-mL aliquots at =70°C.

RNA extraction

Viral RNA was extracted by using QIAamp Viral RNA Mini kit (Qiagen) following the
manufacturer’s instructions and stored at -70°C for DENV typing and sequencing.
To avoid mutations introduced by in virre passages of the virus in cell cultures, we
used DENV-3  strains extracted directly from serum and mosquitoes macerate
previously detected by RT-PCR for characterizing the viral 3'UTR and the first passage

in cell culture for the full genome sequencing of the DENV-3 strain (BR77754/01).
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RT —PCR (Reverse transcriptase- polymerase chain reaction)

RT—PCR for detecting and typing DENV was performed as described previously [36].
Briefly, consensus primers were used to anneal to any of the four DENV types and
amplify a 511-bp product in a reverse transcriptase-polymerase reaction. A cDNA copy
of a portion of the viral genome was produced in a reverse transcriptase reaction. After a
second round of amplification (nested PCR) with type-specific primers, DNA products

of unique size for DENV-3 (290 bp) were generated.

Sequencing

The sequencing reaction was performed by reverse transcription using 5 pl. of extracted
RNA in 25 pL of AccessQuick™ RT-PCR System (Promega Corporation) and specific
oligonucleotides primers, which sequences can be provided upon request, to amplify
approximately 900bp amplicons with overlapping fragments of 200bp spanning the
complete DENV-3 genome. Thermocycling conditions consisted of a single step of
42°C for 60 minutes and 40 cycles of desnaturation at 94°C (30 seconds), annealing at
56°%r 63°C (60 seconds) depending on the set of primers, extension at 72° C (2
minutes) and a final extension at 72° C (10 minutes). Amplification was conducted
using a Model 9700 thermal cycler (Applied Biosystems). PCR products were purified
from 1.0% agarose gels using QIAquick Gel extraction Kit or QIAquick PCR
purification Kit (Qiagen) and used as template for cycle sequencing. Sequencing
reactions were performed as recommended in the BigDye Dideoxy Terminator
sequencing kit (Applied Biosystems) and the products were analyzed using an
automated 3130 DNA Sequencer (Applied Biosystems). The mosquitoes DENV-3 full-
length genome sequence and 3"UTR sequences obtained in this study were deposited in

GenBank (www.ncbi.nlm.nih.ecov) and are described on Table 1.
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Sequences and phylogenetic analysis

Sequence and similarity identity analysis was performed using BioEdit software

(http://www.mbio.ncsu.edu/bioedit/bicedit.htmL). The multiple alignments were

performed using CLUSTAL W (http://www .ebi.ac.uk/clustalw/) and the phylogenetic

analysis by MEGA 5 software (www.megasoftware.net), using the Neighbor-joining

method, according to the Tamura-Nei model. with a bootstrap of 1,000 replications for
the analysis of the complete genome. For the 3"'UTR analysis, the Maximum likelihood
method, according to the Kimura-2 model was chosen as determined by the best-fit
substitution model. Strains representative from the five genotypes available in GenBank

(www.ncbi.nlm.nih.gov) were used for the comparison, DENV-1, DENV-2 and DENV-

4 strains were used as outgroup to root the tree.

Secondary structure analysis

The predicted secondary structures were generated by MFOLD web server

((http://mfold.rna.albany.edu/?g=mfold/RNA-Folding-Form) with default folding parameters

and folding predictions at 37° C.

10
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RESULTS

DENV-3 entomological surveillance

The entomological surveillance performed in the first semester of 2001 in Nova Iguacu,
RI. resulted in the isolation of three DENV-3 strains trom the districts of Santa Efigénia
(BR73354/01).California (BR73356/01) and Morro Agudo (BR73636/01) isolated from
three pools (9 mosquitoes/pool) of naturally infected Ae aegypti females [8]. In January
2006, one DENV-3 strain (BR81200/06) was isolated from one Ae. aegypti pool
composed of three females , collected indoors in the Vargem Pequena neighborhood,

west region of RJ.

Molecular characterization of a full-length Brazilian DENV-3 isolated from

naturally infected Ae. aegypti

In order to access the differences among the Brazilian DENV-3. we sequenced the
entire genome of one virus isolated from naturally infected Ae. aegypti (BR 73354/01)
and compared to the a Brazilian DENV-3 isolated from a human fatal case during the
2002 epidemic [33] and sequences available on GenBank. The complete genome
sequence obtained was deposited on Genbank under accession number FJ177308. The
comparison of complete genome sequences showed that the Ae. aegypti strain
BR73354/01 is more closely related to the Brazilian strain 74886/02 (AY679147),
isolated from the liver of a fatal case during the DENV-3 epidemic occurred in 2002
with a nucleotide similarity of 99.3% and the phylogeny based on the analysis of the
complete genome (coding region) characterized the Brazilian strain as belonging to
genotype III (Indian Subcontinent), Figure 1. The nucleotide and amino acid similarities

among the Brazilian DENV-3 strains and strains representative from all four genotypes

11
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256  are shown on Table 2. Furthermore, amino acid substitutions were observed throughout
257  the entire coding region, when the Brazilian DENV-3 strains were compared to the
258  prototype PHIL/H87/1956 and strains representative of the other genotypes. Some
259 substitutions were exclusive (o the Brazilian DENV-3 strains analyzed (Table 3, gray-

260  shadowed cells) and some were shared among the Brazilian strains and the strain

prons o

NV-3 Brazilian strains analyzed in 262  shadowed cells). Exclusive substitutions to the DE]
Talpand Coo (TeaA ) an theneM.., oo . 263 thicstuds yyere oheanvad an the cansid cene O (N
e positions Eg; (I=V), Ejge (A—T). Esy 264  gene, prMgs (H—R), and on the envelop
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d NS2Bigo, (V=) and (I-V), respectively. 267 (T—A) and on NS2B positions NS2Bgy an
s exclusive to the Brazilian DENV-3. On 268  On the NS3 gene, only NS3i5 (I=T) w:
bserved on positions NS4By; and NS4B 3. 269  NS4B. the same substitution (V—I) was o
ten substitutions exclusive to the Brazilian 270  However, on the NS5 gene. besides the 1
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Interestingly, the analysis of the 3"UTR of the strain BR73354/01 genome isolated from
mosquitoes showed an eight nucleotides deletion within the eleven nucleotides insertion
on the VR, previously observed for the Brazilian DENV-3 strain isolated from humans
(Miagostovich et al., 2006) and common to genotype III DENV-3 strains from the Latin
America/Caribbean and Sri Lanka regions. Nucleotides substitutions exclusive to the
strain isolated from the mosquitoes BR73354/01 were observed on positions 10,383 and
10,391 from the 3"UTR. One substitution on the RCS2 and one on the CS2 were shared

by all Brazilian DENV-3 when compared to the prototype (Figure 2).

Molecular characterization and phylogeny based on the 3'UTR from

DENV-3 isolated from naturally infected Aedes aegypti and human host

We additionally sequenced the 3'UTR from other three DENV-3 strains isolated from
naturally infected Ae. aegypti isolated in 2001 and 2006 in RJ (BR73356/01,
BR73636/01 and BR81200/06) and from ten DENV-3 isolated from humans from 2001
to 2008. All 3'UTR sequences were deposited on GenBank. The strain BR73356/01
presented the same 8-nucleotides deletion observed for the strain BR73354/01.
However, the other two strains also isolated from mosquitoes in RJ (BR73636/01 and
BR81200/06) presented the 11-nucleotides insertion common to the human strains. The
analysis of the 3"UTR from DENV-3 isolates from humans showed that nine out of ten
strains also presented the 1l-nucleotides previously described. However, one of the
strains isolated in Rio de Janeiro in 2002 (BR74792/02) showed the same 8-nucleotides
deletion observed on the mosquitoes strains (Figure 3). Despite those observations, it
was also shown a high conservation on the 3’'UTR RCS2, CS1 and CS2 conserved

regions (Figure 3, gray-shadowed areas) among all the Brazilian strains analyzed.

13
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Therefore, we focused on the VR of the 3"'UTR, aiming to better understand the impact
of those mutations on the predicted structures of that region. All three sequences with
the 8 nucleotide deletion (BR73354mosq/2001, BR73356mosqg/2001  and
BR74792/2002) presented similar secondary structures. However, not all strains
presenting the 11 nucleotide insertion were similar in structure. In fact. despite the 11
nucleotide insertion, the strain BR72/2008 presented a unique secondary structure
(Figure 4). The only difference from the latter is a nucleotide substitution (G —A) on
the 11 nucleotide insertion region, when compared to all other Brazilian sequences
analyzed (Figure 3). The strain BRB0996/2006, also showed a unique secondary
structure, probably due to the six nucleotide substitution presented in the VR, despite
the presence of the insertion shared with the other strains. The slight difference
presented by the strain BR74947/2002., may be due to a substitution (C—T) exclusive to

this sequence.

The Maximum-Likelihood phylogenetic tree of Brazilian DENV-3 strains isolates from
naturally infected Ae. aegypti mosquitoes and humans based on the 3'UTR sequence
analysis places those strains as belonging to genotype III, corroborating the findings of

the full-length genome analysis (Figure 5).

14



Vigilancia virologica dos virus dengue: genotipagem e caracterizagéo.....

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

Discussion

The DENV-3 was re-introduced in Latin America in 1994, after an absence of 17 years,
being initially isolated in Panama and spreading throughout Central America [37, 38] to
Caribbean [39-41] and South America [6, 28, 42-44]. However. some phylogenetic
studies point to its introduction through Mexico [45] a few years earlier [13]. This
introduction caused by the genotype IIT of DENV-3, originally from the Southeast Asia
and characterized by an increased virulence, coincided with the occurrence of a higher

number of severe and DHF cases [38, 46-48].

In Brazil, the first DENV-3 was isolated in December of 2000 in Nova Iguacu, RJ [5]
when the Ae aegypri infestation level was 8.1% and, 58% of those mosquitoes were
resistant to temephos at that time [8, 49]. Due to the role of the city of Nova Iguacu in
dengue epidemiology, after the DENV-1 introduction in 1986 [4], field studies were
conducted for detection of DENV in field-caught vectors [8, 50]. The entomological
surveillance performed in the first semester of 2001 in Nova Iguagu resulted in the
isolation of DENV-3 strains from pools of naturally infected Ae aegypti females [8].
After a co-circulation with DENV-1 and DENV-2 [51]. the newly introduced serotype
caused one of the most severe epidemic in RJI in 2002, in terms of morbidity and
mortality [6]. During an entomological surveillance performed during the interepidemic
year of 2006, another DENV-3 strain was isolated from an Ae. aegypti, pool collected in

the west region of RJ (strain BR 81200/06).

The phylogeny based on the complete genome sequencing of the DENV-3 isolated from

naturally infected Ae. aegypti classified the Brazilian strain isolated during this serotype
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introduction in 2001as GIIL, corroborating previous studies of DENV-3 isolated from

DF and DHF cases [7. 12, 33].

The potential emergence of strains associated with severe disease highlights the need for
the surveillance of DENV in human host and vectors. as the detection of DENV in
infected field-caught vectors is considered a useful tool for the early prediction of
epidemics and detection of new serotypes/genotypes introductions [55, 56]. Moreover,
due to the evolutionary constrain that mosquitoes may impose on arthropod borne
viruses such as DENV. the analysis of viruses isolated from invertebrate host are

extremely important and have been addressed [57].

Despite the use of the E gene for phylogenetic and evolutionary studies of DENV [9,
12, 28, 54, 57-65] due to its biological properties and selective pressure imposed by the
host immune response, the role of sequences heterogeneity in other genomic regions
which includes the non-structural genes and the genome UTRs cannot be excluded [58].
Therefore, aiming to contribute for the DENV phylogenetic and evolutionary studies,
we sequenced the entire genome of a DENV-3 isolated from naturally infected Ae.
Aegypri from RI. It was shown the mosquitoes strain BR73354/01 was more closely
related to the Brazilian strain 74886/02 (AY679147) isolated from a fatal case occurred
in 2002 [33] than to any other isolates from humans and mosquitoes. Amino acid
substitutions were observed throughout the entire coding region, when the Brazilian
DENV-3 strains were compared to the prototype PHIL/H87/1956 and strains
representative of the other genotypes. Some substitutions were exclusive to the
Brazilian DENV-3 analyzed and some were shared among the Brazilian strains and the

strain isolated from Ae. aegypti in Taiwan in 1998 (TATWAN/TWmosg/1998).

16
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380 Besides the exclusive substitutions to the Brazilian DENV-3 strains analyzed, those
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382 (K—>N), Esso (I5V), NSl339 (N—S), NS2A3; (L—>F), NS2A;ss (I->M), NS2A1es

=383 . (ToA) NS (SN NSTp (R-2K) NSS5ps (KoT) and NSSeas (DN were alsn

zd changes in 384  shared by other genotype III strains previously analyzed [11], and present
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ved on NS5, 386  to the DENV-3 isolated from the Ae. aegvpti (BR73354/2001) were obser
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391 [31].
392
ence and secondary structures of the 5 and 393  Previous studies have suggested that the sequ
in viral replication and differences in these 394  3°UTR of flaviviruses play an important role
26, 27, 66]. Morcover, mutations and 395 regions may influence viral virulence [24,
nfectivity and reduce efficiency of viral 396  deletions within these regions may alter i1
397  replication [22, 23].
398
ization of the genome through interactions 399  The 3'UTR, which is involved in the circular

tinct domains [18]. The domain I from the 400  with the 5'UTR [67], is divided into three dis
the NS5 stop codon. It is considered the 401 DENV 3°UTR is located immediately after
18] and can serve as a good marker for the 402  most variable region (VR) from the 3"UTR [
of the 3"'UTR of the strain BR73354/01 403  evolution of DENV [19-21]. The analysis

an 8 nucleotides deletion within the 11 404  genome isolated from mosquitoes showed
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405 nucleotides insertion on the VR, previously observed for the Brazilian DENV-3 strain
406  1solated from humans [33] and common to genotype III DENV-3 strains from the Latin
407  America/Caribbean and Sri Lanka regions [27, 68].

408

409  Aiming to compare the extent of sequence variation in the 3’UTR from Brazilian
410  DENV-3 from mosquitoes and humans, we additionally sequenced other strains isolated
411  from naturally infected Ae. aegypti and humans, isolated from epidemics occurred just
412 after this serotype introduction in RJ. The strain BR73356/01 presented the same 8-
413  nucleotides deletion observed for the strain BR73354/01. However, the other two strains
414  also isolated from mosquitoes presented the |1-nucleotides insertion common to the
415  human strains. The analysis of the 3'UTR from DENV-3 isolates from humans showed
416  that nine out of ten strains also presented the 11-nucleotides previously described,
417  however one of the strains isolated in Rio de Janeiro in 2002 (BR74792/02) showed the
418  same 8-nucleotides deletion observed on the mosquitoes strains. Previous studies have

419  shown deletions and nucleotide variations in the VR within a same serotype [28, 29,

S mag iy i IS — e || e 1 i s e e i e D D=

nalyzed. This was quite 421 conserved regions was detected among all the Brazilian strains a
III, the most conserved 422 expected as domain II is of moderate conservation and domain
423 region of all [18].
424
tions, we analyzed the 425  To better understand the conformational impact of those muta

s with the 8 nucleotides 426 predicted structures of that particular region. All three sequence:
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in structure. In fact, despite the 11 nucleotide 428 Il nucleotides insertion were similar

nted a unique secondary structure. The strain 429  insertion, the strain BR72/2008 prese
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430  BR80996/2006, also showed a unique secondary structure, probably due to the six

431  nucleotide substitution presented in the VR, despite the presence of the insertion shared

432 with the other strains. The slight difference presented by the strain BR74947/2002, may

433  be due to a substitution (C—T) exclusive to this sequence.

434

435  Phylogenetic studies based on the 5’and 3"UTR have shown to be very useful for

436 molecular epidemiological studies [19, 21, 27, 28, 70] and the analysis carried out
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and humans placed those strains as belonging to GIII, corroborating the sam

the full-length genome analysis.

It has been shown that due to the non-proofreading nature of the viral RNA p
many RNA viruses may show high degree of sequence variation, not o
isolates from different individuals but also among viruses within a same indiv
Moreover, the co-circulation of different serotypes/genotypes in a particular
the feeding behavior of Ae. aegypti that frequently takes blood multipl
different hosts [71], may result in the co-infection of genetically distinct DE

in both mosquito and human hosts [54].

Conclusions

Here, we analyzed the coding region and the 3"UTR of DENV-3 from both t
and mosquitoes and described insertions, deletions and a substitution leadi
codon formation. The majority of DENV-3 in this study was characterized
nucleotide insertion in the 3'UTR, despite the observation of strains carry

nucleotide deletion. In spite the presence of distinct viral variants, it is sug
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the major variant is transmitted [32]. However, how those distinct viral populations are

maintained or transmitted is not fully understood, therefore the availability of viruses

isolated from both hosts are crucial for the better comprehension of the vector-virus-

human host interactions and for quasispecies investigations. Furthermore, the analysis

of those distinct viral populations in experimentally infected mosquitoes may help to

elucidate those observations.
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722 FIGURE LEGENDS
723

724  Figure |

725  Neighbor-joining phylogenetic analysis of the complete genome sequence from DENV-
726 3 isolated from naturally infected mosquitoes in Brazil, 2001. Black circle represent
727  DENV-3 sequence generated in this study. Strains representative from the four
728  genotypes available in Genbank (www.ncbi.nlm.nih.gov) were used for the comparison,
729 DENV-1. DENV-2 and DENV-4 strains were used as outgroup to root the tree. The
730  percentage of replicate trees in which the associated taxa clustered together in the
731  bootstrap test (1000 replicates) is shown next to the branches. DENV strains used were
732 named as follows: GenBank accession number/country/year.

733

734  Figure 2

735  Nucleotide sequence alignment of the 3'UTR from Brazilian DENV-3. The Brazilian
736 DENV-3 strain isolated from naturally infected Ae. aegypti mosquitoes was compared
737  to other Brazilian DENV-3 strains isolated from human cases and to the prototype strain
738  HB87 (GenBank accession number M93130). Dots (.) indicate identity among strains
739  based on the H87 prototype, dashes (-) indicate gaps in the alignment. The 11
740  nucleotides insertion common to Genotype III DENV-3 strains from the Latin
741 America/Caribbean and Sri Lanka regions and the 8 nucleotides deletion characteristic
742 to the mosquitoes isolate are shown. Two nucleotides substitutions specific to the
IS TR

o tha Mleal nuemmeiend swelactde) mEgTtiaE S erTesm raveee

e regions (RCS2, CS2 and 744  according to the prototype sequence. Conserved sequenc
745  CS1) are marked by squares.

746
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747

748  Figure 3

749  Multiple nucleotide sequence alignment of the Brazilian DENV-3 3"UTR from
750  additional strains isolated from mosquitoes Ae. aegypti (n=4) and humans (n=10) from
751 2001 to 2008. Dots (.) indicate identity among strains based on the Brazilian strain
752 BR74886/02, characterized by the 11 nucleotides insertion on the variable region (VR).
753  Dashes (-) indicate gaps in the alignment. The 8 nucleotides deletion characteristic to
754  strains isolated from mosquitoes BR73354mosq/2001, BR73356mosq/2001 and from a
755  strain isolated in human (BR74792/2002) are marked by black squares. Eleven
756  nucleotide insertion and conserved sequence regions (RCS2, CS2 and CS1) are gray-
757  shadowed.

758

759  Figure 4

760  Predicted secondary structure of the variable region (VR) from the Brazilian DENV-3
761  strains isolated from humans and mosquitoes Ae. aegypti and compared to the prototype
762  PHIL/87/1956. Structures on black bold-line squares are those with the 8 nucleotide
763  deletions and on dashed-line squares are predicted structures differing from the majority
764  of the Brazilian strains.

765

766  Figure 5

767  Maximum-Likelihood phylogenetic tree (Kimura 2-parameter model) of Brazilian

_.768___ DENV-3 strains isolates from naturallv_infected Aedes geevori mosanitoes and.humans .
tes from 769  based on the 3'UTR sequence analysis. Black circle represent DENV-3 sequenc
humans 770  viruses isolated from mosquitoes (n=4) and white circles, strains isolated from
wvailable 771 (n=10) generated in this study. Strains representative from the four genotypes a
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772 in Genbank (www.ncbi.nlm.nih.gov) were used for the comparison. DENV strains used
773 were named as follows: GenBank accession number/country/year.
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803
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Table 1: Brazilian DENV-3 isolated from naturally infected vectors and human cases

analyzed in this study.

Orici Year GenBank Sequence Reference
. rigin . .
Strain State* of Source accession analyzed
tate”™ . . -
1solation number
BR73354/01 RJ 2001 Mosquitoes | FJ177308 | Complete This study
genome
BR73356/01 RJ 2001 Mosquitoes | JN383345 3'UTR This study
BR73636/01 RJ 2001 Mosquitoes | JN383346 3J'UTR This study
BR81200/06 RJ 2006 Mosquitoes | JN383344 3'UTR This study
BR70562/01 RJ 2002 Human JN380902 3'UTR This study
serum
BR74792/02 RJ 2002 Human JN380899 3'UTR This study
serum
BR74916/02 RJ 2002 Human JN380901 3'UTR This study
serum
BR74947/02 RJ 2002 Human JN380904 3J'UTR This study
serum
BR77515/03 RI 2003 Human JN380900 3'UTR This study
serum
) j 1T L. ;
BR73969/04 RJ 2004 I:l;l;::;? JN380905 3'UTR This study
z ‘ = P
BR80740/05 RJ 2005 };,-l;;::]n IN380906 3'UTR This study
. T e o .
BR80996/06 RJ 2006 I;l;l;:;:]ﬂ JN380903 3'UTR This study
. 1T L. ;
BR83004/07 RJ 2007 I:l;l;:;:ln JN380898 3'UTR This study
BRO72/08 RJ 2008 I;l;l;::]ﬂ JN380907 3'UTR This study
BR74886/02 RJ 2002 Human AY679147 | Complete | Miagostovich
liver genome et al., 2006

#RIJ: Rio de Janeiro
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806  Table 2: Sequences identity among Brazilian DENV-3 and distinct genotypes based on
807  the complete coding region analysis.
BR/74886/ ~ BR73354mosq/ PHIL/H87/ INDO/PHS6/ TAIWAN/TWmosq/ TAHITV136116/
2002 (GIID) 2001 (GIII) 1956 (GV) 2004 (GI) 1994 (GIV)
o o - 99.3° 94.7 933
BRI ji:}’fl’;q’ 99.4" - 94.6 93.1
3 o M;;;*’{éﬁ* 5.1 98 94,9 3419 95
! oo 97.8 97.4 98.0 - 93.3 9.
7 A G o8 97.8 98.1 98.0 : 93
o 97.9 97.5 98.1 98.5 98.0 -
808 *Taxons name were shortened to fit in table. “percentage of nucleotide identity as determined by
809 BioEdit (http-/vww mbio ncsuedu/bioediv/bioedithiml); ™ percentage of amino acid identity (bold).
810 Gl to GV: Genotypes I to V., respectively
811
812
813
814
815
816
817
818
819
820
821
822
823
824
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4.3- Artigo 4. Dengue virus type 4 (DENV-4) in Niteroi, Rio de Janeiro: The
role of molecular techniques in the laboratorial diagnosis and entomological

surveillance.
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Cruz”.

Este artigo atende ao objetivo especifico 4.

Resumo: Foi detectado casos de DENV-4 em humanos e no mosquito Ae. aegypti, com o

auxilio de varias técnicas moleculares, onde se observou que a utilizacdo dessa ferramenta

pode ser considerado um importante avango para a vigilancia entomoldgica e virologica.
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ABSTRACT

In Rio de Janeiro (RJ), Southeast region of Brazil, DENV-4 was first isolated in March
of 2011 in the city Niteroi. Here, we analyzed the laboratorial findings on the first
DENV-4 cases occurred in Niteroi and evaluated the use of molecular techniques for
detecting DENV-4 in field-caught Aedes aegypti collected during an explosive DENV-1
epidemic in 2011. The MAC-ELISA confirmed 22.2% (2/9) of the investigated DENV-
4 acute cases analyzed, virus isolation was possible in 55.5% (5/9) cases and both NS1
ELISA and NS1 Ag STRIP confirmed 44.4% (4/9). On the other hand, both
Conventional RT-PCR and Simplexa™ Dengue Real Time RT-PCR confirmed 100% of
the human cases analyzed. DENV-4 was also identified by conventional RT-PCR and
Simplexa™ Dengue Real Time RT-PCR Ae. aegypti female (1/72; 1.4%) captured in
captured in a household from the district Sdao Domingos, Niteroi. From our knowledge,
this is the first time the Simplexa™ Dengue Real Time RT-PCR is used for human
cases Investigation and entomological surveillance. No virus was recovered from any of
the 72 mosquitoes by virus isolation. However the quantitive Real Time RT-PCR
detected 1.08 x10° copies/mL of DENV-4 in the macerate of a single de. aegypti female
naturally infected, also positive to DENV by both NS1 capture tests. NS1 was also
detected in an Ae. aegypti male. The use of molecular techniques, such as conventional
RT-PCR and Real-Time RT-PCR showed to be important approaches for the
surveillance of DENV from field-caught vectors, even when a new serotype 1is

infroduced during a distinct serotype epidemic scenario.
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Dengue is widespread in fropical and sub-tropical areas of Asia, Africa and Americas
and its transmission is primarily associated with 4dedes aegypti. In Brazil, a dengue
outbreak caused by DENV-1 and DENV-4 was reported in 1981-1982 in a city in the
Amazon region, (Osanai et al. 1983). But it was only after the DENV-1 introduction in
Rio de Janeiro (RJ) in 1986 (Schatzmayr et al. 1986) that the disease became a
nationwide public health problem and when a virological and entomological program
was established for monitoring DENV in human sera and vectors (Nogueira et al.. 1988,
1999, Lourengo-de-Oliveira et al. 2002). Since then, RJ has been assumed an important
role in the epidemiology of dengue, with the first infroduction of DENV-2 in 1990

(Noguerra et al. 1993) and DENV-3 in 2000 (Nogueira et al. 2001).

DENV-4 was reintroduced in the country in 2010 in the municipalities of Boa Vista and
Canta, Roraima State (Tempordo et al. 2011). The virus spread to different regions of
Brazil, with cases of infection registered m the North, Northeast and Southeast (SVS
2011) and genome sequencing characterized the DENV-4 Brazilian strains as belonging
to genotype II (de Sousa et al. 2011). In RJ, the first DENV-4 cases detected occurred in
the Cafuba neighborhood, in the oceanic region of the municipality of Niterdi, which is

located in the metropolitan region of RJ (Nogueira & Eppinghaus 2011).

The entomological surveillance of DENV in adult as well as in immature mosquito
stages constifutes an important tool for early prediction of dengue epidemics. Moreover,
virological surveillance screening field-caught dengue vectors by using molecular
techniques such as RT-PCR has been useful to early detect dengue outbreaks in
endemic regions and/or for the detection of new DENV introductions (Chow et al. 1998,

Pinheiro et al. 2005, Mendez et al. 2006, Chen et al. 2010, Guedes et al. 2010).
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Here, we aimed to laboratorial characterize the first DENV-4 cases and show the role
of rapid molecular techniques, such as conventional RT-PCR and Real Time RT-PCR in
the entomological surveillance of the newly introduced DENV-4 in vector populations
from Niteroi, RJ, Brazil, just after its first isolation in humans. Furthermore, here we
evaluated a newly available Real Time PCR commercial kit for detecting and typing

DENYV in serum samples and mosquitoes macerates.

MATERIAL AND METHODS

Human sera were obtained during a surveillance system performed by the Laboratory
of Flavivirus, IOC/FIOCRUZ, Rio de Janeiro, Brazil from an ongoing Project approved
by resolution number CSNI196/96 from the Oswaldo Cruz Foundation Ethical

Comumittee in Research (CEP 274/05), Ministry of Health-Brazil.

DENV-4 cases investigation was performed during the DENV-1 epidemic RJ in
2011.The first two cases confirmed were from two sisters living the Cafuba
neighborhood, Niteroi, both, with onset of symptoms on March 6® 2011 (Nogueira &
Eppinghaus 2011). We further investigated nine other suspected cases from individuals
living Cafuba, Sdo Francisco, Sdo Domingos, and Engenho do Mato, with onset of

symptoms from March 23" 2011 to April 11™ 2011 (Figure 1A, Supplementary data).

Ae. aegypti adult mosquitoes were collected in nine residential and non-residential sites
at (Sdo Domingos) where DENV-4 human cases were confirmed. Collections were
performed on four sites (Figure 1B, Supplementary data) on May 4™, 2011 by using
battery-operated aspirators. Mosquitoes were anaesthetized at 4°C, identified, sexed and
stored in liquid nitrogen at the same day of collection. A total of 72 de. aegypri (33

females and 39 males) adult mosquitoes were collected. From these, 47 (18 females and
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29 males) were collected in a single site village-like residential area (site #1), composed
by six houses (Supplementary data). 4de.aegypti were individually macerated in 1 ml of
Leibovitz L-15 medium (Sigma) plus antibiotics (penicillin-streptomyein, 10,000 units
— Invitrogen) and centrifuged (6.000 rpm at 4 © C for 30 min). Supernatant was
transferred to an Eppendorf tube containing 100 mL of streptomycin / fungizone and
penicillin, kept in an ice bath for 1 h and centrifuged (3,000 rpm at 4°C, 15 min).
Supernatant was transferred to an Eppendorf tube containing 0.3ml of fetal calf serum

(Invitrogen) and frozen (-70 ° C).

Virus isolation was performed by inoculation into C6/36 Aedes albopictus cell line
(Igarashi 1978) and isolates were identified by indirect fluorescent antibody test (IFAT)
using serotype-specific monoclonal antibodies (Gubler 1984). Briefly, patients” sera or
vector macerates were inoculated into C6/36 Aedes albopictus cell monolayers in
Leibovitz L-15 medium (Sigma) supplemented with 2% fetal calf serum (Invitrogen)
and 0.2 mM of nonessential amino acids (Invitrogen). Cells were incubated at 28°C for
5 to 7 days and observed for cytopathic effects. Infected supernatant was clarified by

centrifugation and virus stocks stored in 1-mL aliquots at —70°C until use.

Viral RNA was extracted directly from mosquitoes macerates using QIAamp Viral
RNA Mini kit (Qiagen) following the manufacturer’s instructions and stored at -70°C

tor DENV detection and typing.

RT—PCR for detecting and typing DENV was performed as described previously
(Lanciotti et al. 1992). Briefly, consensus primers (D1, forward and D2, reverse) were
used to anneal to the capsid (C) and pre-membrane (ptM) regions of any of the four

DENV types and amplify a 511-bp product in a reverse franscriptase-polyinerase
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reaction. After a second round of amplification (nested PCR) with type-specific primers
(TS1 to TS4), DNA products of unique size for DENV-4 (392 bp) were generated and

analyzed by agarose gel electrophoresis and ethidium bromide staining.

For viral quantification, the RNA from the original 4e. aegypti individually macerated
was submitted to quantitive Real Time Reverse transcriptase- polymerase chain reaction

(qRT-PCR) according to the protocol described by Drosten et al (2002).

Simplexa™ Dengue Real Time RT —PCR

For viral qualitative detection and typing, the RNA from the original Ade. aegypii
individually macerated was submitted to the Simplexa™ Dengue Real Time RT-PCR
(Focus Diagnostics, Cypress, CA) according to the manufacturer’s protocol. The kit is
for use on the 3M Integrated Cycler instrument for the in vitro detection and typing of
DENV-1 to 4. The assay is a real-time RT-PCR that detects DENV-1 and 4 in one
reaction, and DENV-2 and 3 in another reaction using bi-functional fluorescent probe-
primers and reverse primers in DENV specific regions: DENV-1 (NS5 gene), DENV-2
(NS3 gene). DENV-3 (NS5 gene) and DENV-4 (capsid gene). An RNA internal control
is used to monitor the extraction process and to detect RT-PCR inhibition. In a Real
Time RT-PCR a positive reaction is detected by accumulation of a fluorescent signal.
The Ct (cycle threshold) is defined as the number of cycles required for the fluorescent
signal to cross the threshold (which exceeds the background level). Ct values are
inversely proportional to the amount of target nucleic acid in the sample: lower the Ct
value the greater the amount of target nucleic acid in the sample. The Simplexa™
Dengue Real Time RT-PCR undergo 40 cycles of amplification. The Simplexa™
Dengue kits from Focus Diagnostics were kindly provided for evaluation performed for

research purposes only and authors have no financial interest.
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143 Anti-dengue IgM antibodies in sera were measured with the commercially available

144  Panbio Dengue IgM capture ELISA and the results are classified as positive, negative

145  and equivocal according to the manufacturer’s instructions.
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147  For NSI antigen capture two commercial kits were used in sera and macerates. The

148  Platelia™ Dengue NS1 Ag ELISA (BioRad Laboratories) is an one-step sandwich
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serum or plasma. The test uses murine monoclonal antibody for
If NS1 antigen is present in the sample, an immune-complex Mal
will be formed. The Dengue NS1 Ag STRIP (Biorad Lab
Coquette, France) is an immunochromatographic test (ICT) for
NS1 antigen. One drop of migration buffer was added to 50 uL o
tube and a strip was placed in the tube. The strip has two lines: ¢
test line (T). The appearance of the T and C lines atter a mig
indicates a positive result. The appearance of the C line alone ind:

If the C line is not present, the test is considered invalid and is ref

During March and April 2011, a total of eleven DENV-4 cas
using routine laboratorial diagnosis techniques: MAC-ELISA, N
rapid test, virus isolation and conventional RT-PCR. Two of the
previously analyzed, both with onset of symptoms on March ¢
Eppinghaus 2011). Three other cases were from the same nei
cases (Cafuba), three were from Sao Domingos, two from Sao F
Engenho do Mato (Figure 1A). Patient’s age ranged from 14 to

24.7), where six were males and three females. All were acute



Vigilancia virologica dos virus dengue: genotipagem e caracterizagéo.....

168 illness), and two out of nine cases (22.2%) were positive by MAC ELISA. Virus

169  isolation was possible in five out of nine cases (55.5%) and all cases were positive by

170.... ponventional RT_RCR

oy Simplexa™
V-4 (Table). Ct

+35.1 (mean +

i 1986 in the
ases for virus
itroductions, 1n
sinhaus 2011).
carried out to
7-4 cases from

enho do Mato

:«chniques have
the virus in the
DENV-4 cases
'R as a routine
CR results are
ne for a newly
ners separately
'S1 ELISA and

d only two out

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

Eonr cagee fA4 A25) wwere nagitivve whan analvzed hw hoth NS1 . .

capture ELISA and NS1 Ag Strip test. We further analyzed all cases |
Dengue Real Time RT-PCR and all cases (9/9) were confirmed as DEN?Y

values obtained from the DENV-4 human samples ranged from 16.8 to
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5.0). Figure 2.

Due to the establishment of a Sentinel network for dengue surveillance
city of Niterdi, RJ which includes blood collections from febrile ¢
detection, it was possible to first detect early DENV-2 and DENV-4 in
1990 and 2011, respectively (Nogueira et al. 1990 : Nogueira & Eppj
Tmmediately affer DENV-4 isolation, an intensive surveillance was

monitor the dispersion of the newly introduced virus. Other nine DENY
the neighborhoods of Cafuba, Sao Francisco, Sdo Domingos and Eng

were laboratorially confirmed (Figure 1A).

The development of conventional RT-PCR and Real Time RT-PCR tc
significantly reduced the processing time and permitted the detection of 1
early stage of the infection in humans and transmission in vectors. The
investigated in this study were initially detected by conventional RT-PC
established for all acute dengue suspected cases. Conventional RT-Pt
usually released 24 to 48 after reception in the laboratory. Also as a routi
introduced serotype, all DENV-4 cases were re-tested with the typing prit
for confirmation. Concomitantly, cases are submutted to MAC-ELISA, N

virus 1solation. As those constituted acute cases, MAC-ELISA confirme
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of nine cases, both with four days of illness. All others cases were on the first and
second days of symptoms. The most used technique for dengue serodiagnosis is still
based on the detection of anti-DENV IgM by using MAC-ELISA (Huang et al. 2001).
However, one of the limitations consists in the variations on the detection rate during
the acute phase of the disease. Usually. it takes from 3 -5 days after the onset of the
symptoms to detect anti-DENV IgM, depending on whether the patient has primary or

secondary infections (Schilling et al. 2004).

A previous study has shown that the NS1 capture ELISA presents a higher detection
rate during the first four days after the onset of the symptoms (Lima et al. 2010). Here,
both NSI tests, independently of its format, ELISA or immunocromatographic
confirmed four out of nine cases up to the 4™ day of symptoms. During the acute phase,
the NS1 exists as secreted as well as a membrane-associated protein and both forms are
demonstrated to be immunogenic (Mason 1987, Falconar 1997, Young et al. 2000).
High NS1 levels was demonstrated to circulate in the acute phase of dengue being
found in the sera of patients with primary and secondary DENV infections, up to the

ninth day after the onset of the symptoms (Young et al. 2000, Alcon et al. 2002).

Despite the longer time for a final result, virus isolation is still the “gold-standard”
technique and. after inoculation into C6/36 cells, DENV-4 could be recovered and typed
in five human cases. This is quife important, as viral supernatants can be further used
for molecular epidemiologic studies by partially or entirely sequencing the viral
genome. In fact, DENV-4 sequencing and phylogeny has characterized the Brazilian

DENV-4 as belonging to genotype II (de Sousa et al. 2011).

All individual macerates were initially submitted to conventional RT-PCR, virus

isolation and Simplexa™ Dengue Real Time RT-PCR. DENV-4 was identified by
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conventional RT-PCR in a single Ae. aegypti female (1/72: 1.4%) captured in one of the
residences (15.2), where 19 adult mosquitoes (13 males and 6 females) have been
collected (Supplementary data). As many unspecific bands were visualized in the
agarose gel (Figure 3), due to the nature of the material, all macerates were retested by
conventional RT-PCR wusing all four typing primers (TS1, TS2, TS3 and TS4)
separately. Only one macerate was amplified by the primers combination (D1+TS4)
specific for DENV-4 amplification (data not shown). The same Ae aegypri female, here
designated as 15.2.4/11. was also the only positive for DENV-4 when all macerates
were submitted to the Simplexa™ Dengue Real Time RT-PCR with a Ct value of 23.5
(Figure 4). No viruses were recovered from any of the 72 mosquitoes’ macerates by
virus isolation in C6/36 cells. Real Time RT-PCR detected 1.08 x10° copies/mL of

DENV-4 in the macerate of a single 4de. aegypri female naturally infected.

As a positive de aegypti female was identified in a residence from site #1 by molecular
techniques, we further performed both NS1 capture ELISA and NS1 Ag Strip test to all
47 macerates available from that location. The same positive female (15.2.4/11) was
positive by both NS1 capture tests. Interestingly, both tests also detected NS1 from a
macerate of an Ae. aegpypti male (15.2.3). The potential use of NS1 antigen capture kit
for detection of the DENV antigen in Ae, aegypti has been recently shown (Tan et al.
2011). However, none of the others techniques available confinned infection nor the
infecting serotype. Transovarial transmission of DENV, when the virus is transmitted to
the progeny of an infected female has been reported previously (Khin & Khin 1983,

Joshi et al 1996, Joshi et al 2002, Le Goff et al 2011).

DENV detection rates on Aedes mosquitoes by RT-PCR may vary depending on the
geographic seftings, epidemiological backgrounds and vector population. In Taiwan,

only 0.2% of 4de. aegypti females analyzed were positive for DENV (Chen et al. 2010).

10



Vigilancia virologica dos virus dengue: genotipagem e caracterizagéo.....

241  However, it has been shown that 16.1% of the de aegypti females collected in Mexican

242 schools were DENV infected (Garcia-Rejon et al. 2011). In Brazil, previous studies

243 have shown rates of 17% in a DENV-3 surveillance performed during an epidemic i

244 the city of Manaus, North region of Brazil (Pinheiro et al. 2005). On the other hand,

245  only 0.1% of adult mosquitoes was infected by the same serotype when an

246 entomological surveillance was performed in RJ, during the inter-epidemic year of 2006

247  (unpublished data). In Recife, Northeast Brazil 10% of tested pools tested was mfected

248 and, despite the prevalence of DENV-3 in human cases, DENV-2 and DENV-1 were

by our group in 2001, DENV-1
NV-3 was being investigated.
/-4 surveillance the state of RR
been suggested that a prevalent
ed by a new one (Chow et al.
nd mosquitoes were confirmed
"RJ and other Brazilian states,

es reported in 2011 were due to

1s a more rapid and sensitive for
Callahan et al. 2001, Drosten et
se used the quantitive RealTime

ss/ml) from a single de. aegypti

11

250

251

252

253

254

255

256

257

258

259

260

261

262

263

During an entomological surveillance performed in RJ
was detected in de. aegypri mosquitoes when DE]
Likewise, DENV-1 was also detected during the DENY
i 2010 (Castro et al. submitted for publication). It has
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We also evaluated for the first time, the usefulness of the Simplexa™ Dengue Real
Time RT-PCR kit for detecting and typing DENV from human cases and de. aegypti
samples. All DENV-4 human cases analyzed in this study were confirmed by the
commercial Real Time RT-PCR kit and the Ct values observed ranged from 16.8 to
35.1 (mean + 25.0). The cycle threshold (Ct) values in a Real Time PCR are inversely
proportional to the amount of target nucleic acid in the sample. Lower Ct values are
observed on higher viraemia samples. Moreover, Cts < 29 are strong positive reactions
indicative of abundant nucleic acid in the sample, Cts of 30-37 are positive reactions
indicative of moderate amounts of target nucleic acid while Cts of 38-40 are weak
reactions indicative of minimal amounts of target nucleic acid. As all samples were
very acute (2 samples with 4 days of symptoms, 3 with 2 days of symptoms and 3
with 1 day of symptoms and 1 without information). high viraemia would be expected,
so would lower Ct values (Figure 2). From all 4e. aegypti macerates submitted to the
Simplexa™ Dengue Real Time RT-PCR, only female 15.2.4/11 was positive for
DENV-4 with a low Ct value (23.5), suggesting a high viral load in the single female

(Figure 3).

Despite, the confirmation of DENV-4 cases, a major DENV-1 epidemic was established
in RJ at that time. In December 2011, eight months after the first cases were confirmed,
a new DENV-4 case was idenfified in Niteroi and confirmed by the laboratory
methodologies available. Therefore, our overall results on the laboratorial diagnosis and
entomological surveillance using molecular techniques such as conventional RT-PCR
and/or Real Time RT-PCR show that those approaches are fast, reliable, sensitive and
specific for dengue serotype surveillance, even when a new serotype is introduced or re-

emerge during an epidemic caused by another prevalent serotype.

12
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454  Adedes aegypti adult mosquitoes collected during an entomological surveillance

455  performed on four sites from the neighborhood of Sdo Domingos, Niteroi, RJ in

456 May2011.

. . .., | Household . i Total per Total per
Collection site # code & Mosquito ID Gender Gender House hold

15.1 A Male
15.1 B Male 4
15.1 C Male 6
15.1 D Male
15.1 1 Female 5
15.1 2 Female -
15.2 1 Male
15.2 2 Male
15.2 3 Male
15.2 4 Male
15.2 5 Male
15.2 [§ Male
15.2 7 Male 13
15.2 8 Male
15.2 9 Male
15.2 10 Male 19
15.2 11 Male
15.2 12 Male
15.2 13 Male
15.2 1 Female
15.2 2 Female
15.2 3 Female
15.2 4 Female 0

1 15.2 5 Female
15.2 6 Female
15.3 1 Male
153 2 Male
15.3 3 Male
15.3 4 Male
1_1.3 5 Male 10
15.3 6 Male 12
15.3 7 Male -
153 8 Male
153 9 Male
15.3 10 Male
15.3 1 Female -
15.3 2 Female -
15.4 1 Male
15.4 2 Male 3
154 3 Male
15.4 1 Female
15.4 2 Female 13
15.4 3 Female .
15.4 4 Female 10
154 5 Female
15.4 [ Female
15.4 7 Female
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157

158

159

160

161

162

163

164

165

166

167

168
169

15.4 8 Female
15.4 9 Female
15.4 10 Female
15.5 1 Female - "
15.5 2 Female - B
15.6 1 Female 1 1
60.A 1 Male
5 §0.,% 2 Male 3 4
60.A 3 Male
60.A 1 Female 1
60.1 1 Female
3 60.1 2 Female 3 3
60.1 3 Female
60 1 Male
60 2 Male
60 3 Male 6
60 4 Male
60 5 Male
4 60 6 Male 12
60 1 Female
60 2 Female
60 3 Female 6
60 4 Female
60 5 Female
60 [ Female
TOTAL 72

Table: Human dengue virus type 4 (DENV-4) cases laboratorial investigation in

Niteroi. RJ, Brazil.
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470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

Routime Laboratorial Diagnosis Methodologies

Newly Available
Diagnosis Methodology

Positive/Tested
Dengue Cases Positive/Tested
MAC- Virus NS1 NS1 Ag | Conventional | Simplexa™ Dengue Real
ELISA Isolation ELISA STRIP RT-PCR Time RT-PCR
Males (n=6) 2/6 4/6 3/6 2/6 6/6 6/6
Females (n=3) 0/3 1/3 1/3 2/3 3/3 3/3
TOTAL (%) | 2/9(22.2) | 5/9(55.5) | 4/9 (44.4) | 4/9 (44.4) 9/9 (100) 9/9 (100)

FIGURE LEGENDS

FIGURE 1
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499
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503

504

505

506

507

508

509

510

511

512

513

Dengue virus type 4 (DENV-4) mtroduction in Niteroi, Rio de Janeiro, Brazil, 2011.
(A) Niteroi neighborhoods with DENV-4 confirmed cases. Dates shown are DENV-4
confirmed cases in the different neighborhoods. (B) Entomological surveillance in the
Sao Domingos neighborhood, Niteroi. White crosses represent the four collection sites
within an area with confirmed DENV-4.

FIGURE 2

Simplexa™ Dengue Real Time RT-PCR amplification on dengue type 4 cases (1=9)
from Niteroi, RJ, according to the number of days after the onset of the symptoms. Cts
values are shown. NA: not available.

FIGURE 3

Conventional RT-PCR agarose gel electrophoresis analysis from Aedes aegypti adult
mosquitoes, individually macerated from the entomological surveillance performed in
nine residential and non-residential locations in the Sao Domingos neighborhood,
Niteroi, Rio de Janeiro, Brazil in 2011. Lanes 1, 14, 15 and 25: 100bp molecular weight
(Invitrogen), lanes 2 to 12 and 16 to 19: Adedes aegyfpi macerates, lane 5: DENV-4
positive Aedes aegypti individually macerated, lane 13: DENV-1 to 4 positive controls
mix, lane 20: negative control (water), lanes 21 to 24: DENV-1 to 4 positive controls,
respectively.

FIGURE 4

Simplexa™ Dengue Real Time RT-PCR amplification on Adedes aegypti mosquitoes
collected in the neighborhood of Sdo Domingos and individually macerated. (A)
Experiment report sheet after reaction. Samples 5A to E, 5G and 5H: negative Aedes
aegypti macerates. Sample 5F: dedes aegypti female # 15.2.4/11 positive for DENV-4
at a cycle threshold (Ct) of 23.5. Red line: DENV-4 probe fluorophore CFR610. Purple

line: Internal control (IC) probe fluorophore Q670.
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5. Discussao

Nos ultimos 25 anos tém sido descrito um aumento na distribuicdo global do Ae.
aegypti e de epidemias de dengue (Mackenzie et al 2004, Jansen e Beebe 2010). No Brasil,
a doenca tornou-se um problema de satde publica na maioria das cidades, sobretudo no Rio
de Janeiro, que é considerado uma das principais portas de entrada dos DENV no pais. A
dispersdo dos virus dentro da cidade, bem como para outros estados da federacdo é
favorecida pela alta densidade populacional e pela movimentacéo frequente de residentes e
entrada de turistas (Lourenco-de-Oliveira et al 2004, Urdaneta-Marquez e Failloux 2011).

O estado do Rio de Janeiro, situado na regido Sudeste do pais, tem sido importante
para a epidemiologia do dengue, com a introducdo do DENV-1 em 1986, do DENV-2 em
1990 e do DENV-3 em 2000 (Nogueira et al 2007). O DENV-3 predominou na maior parte
dos estados do Brasil entre 2002 e 2006. Em 2007, o agravamento nos casos da doenca foi

observado pela a re-emergéncia do DENV-2, que causou intensa epidemia no ano seguinte.

Durante os periodos inter-epidémico e epidémico de 2007 e 2008, foi coletado no
municipio do Rio de Janeiro um total de 10.627 larvas de Ae. aegypti (n=7.499) e Ae.
albopictus (n=3.128) como parte da vigilancia entomoldgica mantida pelo Laboratorio de
Transmissores de Hematozoarios, IOC/FIOCRUZ. As larvas maceradas foram inicialmente
testadas por RT-PCR e submetidas ao isolamento viral em cultura de células. Por RT-PCR
foi possivel detectar precocemente 0 DENV-2 em um pool de larvas de Ae. aegypti
coletadas no primeiro semestre de 2007. A posterior re-emergéncia deste sorotipo foi
responsavel pela epidemia de dengue que grassou no estado do Rio de Janeiro em 2008.
Entretanto, no nosso estudo, a propagacdo do virus em cultura celular para posterior
sequenciamento e caracterizacdo foi inviabilizada pelo baixo titulo viral da amostra
original. Desde o periodo epidémico de 2008 até a presente data, apesar da continua
vigilancia entomologica para o isolamento de novas cepas virais em diversas localidades do
estado, ndo foi possivel o isolamento de novos DENV-2 em Ae. aegypti para caracterizacao

molecular e genotipagem.
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O monitoramento dos sorotipos circulantes em 2009 apontou para uma nova
mudanca no sorotipo predominante, com a re-emergéncia do DENV-1. Assim, tendo em
vista a baixa circulacdo deste sorotipo desde o inicio da década, em 2010 este foi
responsavel pela epidemia mais explosiva de dengue registrada no pais em termos de
notificacdes, com 1.4 milhdes de casos (SVS 2009, 2010). O risco da introducdo do
DENV-4 no pais era iminente, uma vez que este sorotipo circula em paises vizinhos, como
a Venezuela e Coldmbia (Guzman e Kouri 2002). Apos o isolamento deste sorotipo em
Roraima, em 2010, o virus dispersou para outros estados da federacdo e, no Rio de Janeiro,
0s primeiros casos de DENV-4 foram isolados em Niterdi, em 2011 (Nogueira e
Eppinghaus 2011).

Desde 1986 um programa de vigilancia viroldgica e entomoldgica foi estabelecido
no Rio de Janeiro para o monitoramento dos DENV em soros humanos e vetores (Nogueira
et al 1988, 1990, 1999, Lourenco-de-Oliveira et al 2002). Apesar da presenca do Ae.
albopictus, o Ae. aegypti tem sido o vetor responsavel pela transmissdo dos DENV no
Brasil (Lourengo-de-Oliveira et al 2004). A vigilancia entomolégica destes virus no
mosquito adulto e em larvas constitui uma ferramenta importante para a deteccdo precoce

de epidemias de dengue.

O aumento global da dispersdo e co-circulacdo de multiplos sorotipos de DENV,
associados a falta de fidelidade da RNA polimerase e RNA dependente, levaram a um
aumento na diversidade destes virus e na evolucdo dos genotipos dentro de cada sorotipo
(Holmes e Burch 2000, Uzcategui et al 2001, Foster et al 2004, Bennett et al 2006, Chen et
al 2008, Weaver e Vasilakis 2009, Kumar et al 2010). Além disso, sabe-se que a evolucao
dos DENV ¢ determinada por complexas interacdes, que vao do nivel celular ao
populacional em humanos e mosquitos e mutag¢6es que ocorrem ao longo do genoma, assim
como mutacdes nos genes virais estruturais e ndo estruturais e na regido 3’'NC ja foram
implicados como marcadores moleculares de viruléncia (Hurrellbrink e Mc Minn 2003).
Porém, as formas que as variagdes geneticas no virus atuam durante a transmissdo entre

humanos e mosquitos permanecem desconhecidos.

Estudos de caracterizagdo molecular e andlise filogenética podem revelar a origem

geografica dos virus e determinantes moleculares de viruléncia em potencial. Dado que a
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introducdo de novos sorotipos/genotipos pode acarretar na ocorréncia de epidemias,
estudos filogenéticos sdo de grande relevancia para avaliar o impacto na populacdo. A
caracterizacdo molecular de amostras de DENV isoladas no Brasil de areas
geograficamente e temporalmente distintas € uma ferramenta fundamental para a andlise
epidemioldgica molecular, que por sua vez pode fornecer informagdes importantes sobre a

introducdo, disperséo e circulacdo de distintas linhagens destes virus.

Portanto, visando contribuir para um melhor conhecimento dos DENV e sua
interagdo com o mosquito vetor, realizamos neste trabalho, a caracterizacdo molecular e
filogenética de cepas de DENV isoladas de mosquitos naturalmente infectados,

provenientes de epidemias ocorridas de 1986 a 2011 no Brasil.

Realizar a analise filogenética baseada no gene E de cepa de DENV-1 isoladas durante
0 periodo estudado (1986 a 2011) — Trabalhos 1 e 2

Nos trabalhos intitulados “First report of multiple lineages of dengue viruses type 1
in Rio de Janeiro, Brazil” e “Dengue Virus Type 1 from Field-Caught Vectors and Humans
in Brazil: Phylogeny Reveals Different Lineages of the American African Genotype in 25
Years” foram estudadas cepas de DENV-1 isoladas a partir de casos humanos e mosquitos
Ae. aegypti desde a sua introducdo em 1986, ap6s a emergéncia deste sorotipo em 2009, e
provenientes das epidemias ocorridas em 2010 e 2011.

A utilizacdo da técnica de RT-PCR para a triagem de vetores coletados no campo
tem se mostrado Util para a vigilancia viroldgica e deteccdo de novas introducBes dos
DENV (Chow et al 1998, Kow et al 2001, Pinheiro et al, 2005, Méndez et al 2006, Costa et
al 2009, Guedes et al 2010). Esta permitiu detectar DENV-1 em mosquitos coletados em
2001 e 2010, assim como fornecer uma ferramenta para o estudo retrospectivo, pela
deteccdo do RNA viral de um macerado de mosquito coletado em 1986 e congelado a -70°
C por 24 anos.

As taxas de deteccdo de DENV em mosquitos Aedes por RT-PCR podem variar
dependendo da area geogréfica, perfil epidemioldgico e populacdo vetorial. Neste estudo,
as taxas de deteccdo dos DENV-1 por RT-PCR variaram de 0,78% a 25%, sendo que o

ltimo pode ndo ser representativo, pois € o resultado de uma analise de apenas quatro
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pools. No entanto, taxas de 0,2 % foram observadas em Taiwan (Chen et al 2010) e de
16,1% em escolas mexicanas (Garcia-Rejon et al 2011). No Brasil, estudos prévios
demonstraram taxas de deteccdo de 17% durante uma vigilancia realizada em Manaus
(Pinheiro et al 2005), de 10% em estudo realizado em Recife (Guedes et al 2010) e de 0,1%
em uma vigilancia realizada no Rio de Janeiro durante o ano inter-epidémico de 2006
(dados nao publicados). Apesar do RT-PCR ter mostrado ser uma ferramenta (til e eficaz
para a vigilancia dos DENV em mosquitos e formas imaturas coletados no campo, as altas
taxas de deteccdo e até mesmo co-infeccBes devem ser consideradas cuidadosamente e
preferencialmente confirmadas por outras técnicas, tais como o isolamento viral e 0

sequenciamento gendémico.

As técnicas de RT-PCR em Tempo Real tém sido estabelecidas e descritas como
mais rapidas e sensiveis para a detec¢cdo e quantificacdo dos DENV de amostras clinicas
(Callahan et al 2001, Drosten et al 2002, Johnson et al 2005), de vetores infectados
experimentalmente em laboratério (Richards et al 2007) e coletados no campo (Tan et al
2011). Neste estudo, o RT-PCR em Tempo Real foi utilizado para quantificar o titulo de
DENV-1 (1,6 x 10* cépias/mL) proveniente de uma Gnica fémea naturalmente infectada,
que se caracteriza como observacdo relevante, uma vez que a quantidade de virus em
humanos necessaria para infectar mosquitos ainda ndo foi precisamente determinada
(Halstead 2008).

O DENV-1 é caracterizado por possuir cinco gendtipos distintos, gendtipo |
(Sudeste Asiatico/China/Oeste Africano), genotipo Il (Tailandia), gendtipo Il (Malésia),
gendtipo 1V (Pacifico Sul) e gendtipo V (Américas/Africa), como também pela existéncia
de linhagens com relacdes geograficas e temporais diferenciadas descritas (Myat Thu et al
2005, Kukreti et al 2009, Mendez et al 2010). Substitui¢bes e alternancia de linhagens tém
aparecido com mais frequéncia em estudos filogenéticos ¢ o termo “linhagem” tem sido
utilizado, ndo oficialmente, para caracterizar os virus agrupados em clades em um nivel

taxonémico abaixo de gendétipo (Mendez et al 2010).

A analise de sequéncias do gene E de virus isolados de mosquitos adultos, larvas e
casos humanos demonstrou que os DENV-1, representantes de seis estados das regides

Sudeste, Centro-Oeste, Nordeste e Norte do pais, pertencem ao genétipo V
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(Américas/Africa), porém a existéncia de trés linhagens distintas foi caracterizada. Cepas
de DENV-1 isolados de vetores em 1986 e 2001 agruparam-se na linhagem | com cepas
isoladas de humanos em 1986, 1990, 1997 e 2001. Cepas de DENV-1 isoladas em 2010 e
2011 agruparam-se formando um clade distinto (linhagem I1), sendo este mais intimamente
relacionado com as cepas isoladas em Cingapura, em 1990 e 2005, sugerindo uma origem
asiatica provavel para esta linhagem. No entanto, a cepa de DENV-1 isolada da fémea de
Ae. aegypti em 2010, em Roraima, agrupou-se em uma outra linhagem (linhagem III),
também caracterizada durante a reemergéncia do DENV-1 em 2009 e 2010. As cepas
caracterizadas como pertencentes a linhagem 111 agruparam-se com cepas isoladas em 2007
e 2008 na Coldmbia, Venezuela e México, sugerindo uma origem latino-americana para as

mesmas.

A comparacéo entre as sequéncias das diferentes linhagens demonstrou uma grande
divergéncia entre as linhagens 1l e 111, e que a maioria das substituicdes de aminodacidos foi
observada no dominio 1l da proteina E. Além disso, foi demonstrado que alguns residuos
sdo exclusivos de algumas linhagens, e podem ser os responsaveis pela diferenciacdo entre

elas.

Apesar de reduzida, porém continua, a circulacdo de DENV-1 no pais apresenta um
baixo percentual de identidade dos virus recentemente isolados, tanto de vetores quanto de
casos humanos, com o0s virus inicialmente introduzidos na década de 1980, sugere que 0
DENV-1 reemergente ndo evoluiu localmente, mas é resultante da introducdo de novas
linhagens no pais. A circulacdo de mais de uma linhagem de DENV-1 ja foi descrita na
Asia (Kukreti et al 2005) e nas Américas (Mendez et al 2010). A introducdo de multiplas
linhagens dos diferentes sorotipos de DENV, com frequente alternancia de linhagens, foi
descrita no México (Carrillo-Valenzo et al 2010). De fato, a alternéncia de linhagens parece
ser um fendmeno mais comum do que a longa persisténcia das mesmas (Bennett et al
2003).

Realizar o sequenciamento completo do genoma de DENV-3 isolado de mosquitos
naturalmente infectados durante a epidemia ocorrida em 2001 no Rio de Janeiro e
caracterizar a regiio 3’-nio codificante (3°’NC) de DENV-3 isolados de mosquitos Ae.
aegypti e de casos humanos — Trabalho 3
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A dispersédo global dos quarto sorotipos de DENV nos ultimos 50 anos resultou na
dispersdo de genotipos associados com uma doenca mais grave (Kyle e Harrris 2008). No
Brasil, o gendtipo 1ll, de DENV-3, tem sido associado com epidemias graves desde sua
introducdo em 2000 no Rio de Janeiro (Nogueira et al 2001, 2005, Miagostovich et al 2003,
2006).

Dos cinco genotipos descritos para os DENV-3, os gendtipos I, 11 e 111 (GI, Gll e G
I11) tém sido responsaveis pela maioria das infeccbes em humanos e associados a casos de
dengue classico e casos graves no Sudeste da Asia, Subcontinente Indiano, Pacifico Sul,
Leste Africano e Américas, enquanto que os genétipos IV e V (GIV e GV) ndo tém sido
associados a casos graves e sdo representados por virus mais recentes circulantes nas
Américas, Pacifico Sul e Asia (Lanciotti et al 1994, Wittke et al 2002, King et al 2008,
Araljo et al 2009). Neste contexto, a potencial emergéncia de cepas associadas com um
quadro mais grave ressalta a necessidade da vigilancia destes virus nos hospedeiros

humanos e vetores.

Apesar da utilizacdo do gene E para estudos filogenéticos e evolutivos (Lanciotti et
al 1994, Aquino et al 2006, Kochel et al, 2008, Amarillia et al 2009, Araujo et al 2009,
Chen et al 2011), devido a suas propriedades bioldgicas e pressdo seletiva imposta pela
resposta imune do hospedeiro, a importancia da heterogeneidade em outras regides
genbmicas, como 0s genes nao-estruturais e regides ndo-codificantes, ndo deve ser excluida
(Chao et al 2005).

Assim, visando contribuir para os estudos de interacdo vetor-virus-hospedeiro
humano e estudos filogenéticos, realizamos no manuscrito “Molecular differences of the
3’untranslated region from Brazilian Dengue Virus Type 3 isolated from Naturally Infected
Mosquitoes and Humans” a caracterizacdo molecular do genoma completo de uma cepa de
DENV-3 isolada a partir de Ae. aegypti naturalmente infectado no estado do Rio de
Janeiro, assim como a caracterizagdo da regido 3'NC dos virus isolados de mosquitos em

comparagao com os virus isolados em humanos.

Na analise do genoma completo do DENV-3 foram observadas substituicGes de
aminoacidos ao longo de toda regido codificante, quando as cepas brasileiras foram
comparadas a cepa prototipo PHIL/H87/1956 e cepas representantes dos demais genotipos.

Algumas destas substituicdes foram observadas exclusivamente nas cepas brasileiras
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analisadas. Além disso, substituicdes exclusivas a cepa de DENV-3 isolada em mosquito
(BR73354/2001) foram observadas no gene NS5, incluindo a substituicdo que resultou na
formacdo de um codon de terminacdo. Na regido 3’'NC de genoma foi demonstrada uma
delecdo de 8 nucleotideos dentro da insercdo de 11 nucleotideos previamente descrita na
regido varidvel (VR), caracteristica de cepas do Glll de DENV-3 das regibes Latino-
Americanas/Caribenhas e do Sri Lanka (Peyrefitte et al 2003, Miagostovich et al 2003,
Silva et al 2008). A presenca de DENV-3 com genoma defectivo contendo tanto codon de

terminacdo ou dele¢des in vivo ja foi demonstrada (Wang et al 2002).

Portanto, com o objetivo de comparar a extensdo das variagcdes nas sequéncias da
regido 3"'NC, foi realizado o sequenciamento e caracterizacdo de novas cepas de DENV-3
brasileiras isoladas em mosquitos e humanos. Neste estudo, na analise desta regido de
cepas adicionais de ambos hospedeiros, pode-se detectar virus caracterizados pela insercéo
de 11 nucleotideos e com a delecdo de 8 nucleotideos. Apesar da presenca de variantes
virais distintas, sugere-se que a variante prevalente seja a transmitida (Lin et al 2004). Os
resultados obtidos sugerem que as cepas com a insercdo de 11 nucleotideos sejam as mais
prevalentes, uma vez que estas foram as mais frequentemente detectadas. Contudo, a
andlise de uma amostragem maior destes virus se faz necessaria para a confirmacgéo destas

observacoes.

As sequéncias e estruturas secundarias das regides 5'e 3'NC dos flavivvirus
possuem um papel importante na replicacdo viral e diferencas nestas regibes podem
influenciar na viruléncia (Leitmeyer et al 1999, Cologna e Rico-Hesse 2005, Clyde e Harris
2006, Silva et al 2008). Além disso, mutacdes e delecBes dentro destas regides podem
alterar a infectividade e reduzir a eficiéncia da replicacdo viral (Men et al 1996, Mandl et al
1998). Todas as sequéncias com a delecdo de 8 nucleotideos apresentaram estruturas
secundarias similares quando a RV da 3"NC foi analisada. No entanto, nem todas as cepas

que apresentaram a insercao de 11 nucleotideos formaram estrutura similar.

As analises filogenéticas baseadas no sequenciamento completo tanto do genoma
quanto da regido 3'NC caracterizou os DENV-3 deste estudo como pertencentes ao Glll,
corroborando com estudos prévios realizados sobre o tema (Miagostovich et al 2003, 2006,
Araujo et al 2009). Ainda ndo esta bem elucidado como populagdes virais distintas sao

mantidas ou transmitidas e, neste contexto, a disponibilidade de virus isolados em ambos
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hospedeiros se torna de grande importancia para o melhor entendimento das interagoes

vetor-virus-hospedeiro humano e estudos de quasispécies.

Realizar a vigilancia entomolégica do DENV-4 pelo meio da utilizacdo de
metodologias moleculares — Trabalho 4

No Brasil, um surto causado pelos DENV-1 e DENV-4 foi registrado na cidade de
Boa Vista, Roraima, regido Norte do pais, em 1983 (Osanai et al 1983). Porém, foi apds 28
anos de seu primeiro isolamento que o DENV-4 foi reintroduzido nesta mesma cidade
(Temporao et al 2011) e dispersou para as demais regides do pais (SVS 2011). O
sequenciamento das cepas de DENV-4 recém-introduzidas caracterizou estes virus como

pertencentes ao geno6tipo Il (de Sousa et al 2011).

No Rio de Janeiro, os primeiros dois casos de DENV-4, apds esta reintroducdo no
pais, ocorreram no bairro de Cafubd, Niter6i, em marco de 2011 (Nogueira e Eppinghaus
2011). Historicamente, o Rio de Janeiro apresenta condi¢des altamente favoraveis para a
transmissdo dos DENV (Nogueira et al 2005, Lourengo-de-Oliveira et al 2008). Sua
dispersdo dentro da cidade, bem como para outros estados, é favorecida pelas altas
densidades populacionais e pela frequente movimentacdo de residentes e turistas

(Lourenco-de-Oliveira et al 2004, Urdaneta-Marquez e Failloux 2011).

Conforme previamente descrito neste trabalho, as vigilancias viroldgica e
entomoldgica utilizando técnicas moleculares, como RT-PCR, tém se mostrado Gtil para a
deteccdo precoce de surtos e/ou para a detecdo de novas introducées de DENV (Chow et al
1998, Kow et al 2001, Pinheiro et al 2005, Mendez et al 2006, Costa et al 2009, Chen et al
2010, Guedes et al 2010). Neste estudo, visamos caracterizar laboratorialmente o0s
primeiros casos de DENV-4 detectados em humanos e demonstrar o papel de métodos
moleculares, como o0 RT-PCR e o RT-PCR em tempo real, na vigilancia entomologica
desse virus, recentemente introduzido nas populagdes de vetores de Niteroi. Ressalta-se que
estes casos foram confirmados durante uma grave epidemia de DENV-1 no Rio de Janeiro
e no pais, onde aproximadamente 87% dos casos confirmados de dengue eram por DENV-
1 (SVS 2011).
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Todos os casos humanos de DENV-4 investigados neste estudo (n=9) foram
inicialmente confirmados por RT-PCR e, concomitantemente, submetidos ao MAC-ELISA,
captura de antigeno NS1 e isolamento viral. O MAC-ELISA confirmou 22,2% (2/9) dos
casos agudos de DENV-4, o isolamento viral foi possivel em 55,5% (5/9) dos casos e
ambos os testes de NS1 (ELISA e teste rapido) confirmaram 44,4% (4/9) dos casos.

Com o objetivo de detectar DENV-4 em populacdes de Ae. aegypti provenientes de
areas com histdria pregressa de casos positivos para este sorotipo, coletas de vetores
adultos foram realizadas no bairro de S&8 Domingos, Niter6i, em 2011. Apesar da
circulacdo do DENV-1, identificada por RT-PCR, foi possivel detectar DENV-4 em uma
fémea naturalmente infectada, capturada em uma das residéncias onde 19 mosquitos

adultos foram coletados.

Durante a vigilancia entomoldgica realizada em 2001 por nosso grupo, um DENV-1
foi detectado em mosquitos Ae. aegypti quando o DENV-3 estava circulando. Ja em 2010,
durante a investigacdo do DENV-4 em Roraima, 0 DENV-1 foi de novo detectado (Castro
et al submetido para publicacdo). O RT-PCR em tempo real determinou 1,08 x 10°

copias/mL de DENV-4 em uma Unica fémea de Ae. aegypti naturalmente infectada.

Nesta investigacdo, utilizamos pela primeira vez, tanto para a vigilancia virologica
quanto para a entomoldgica, um teste comercial de RT-PCR em tempo real (Simplexa™
Dengue Real Time RT-PCR) para a deteccdo dos DENV. O teste foi desenhado para
detectar os DENV-1 e DENV-4 em uma rea¢do e 0s DENV-2 e DENV-3 em outra reacao,
onde foram utilizados iniciadores e sondas fluorescentes que hibridizam em regides
especificas do genoma: nos DENV-1 e DENV-3, gene NS5, no DENV-2, gene NS3, e no
DENV-4, gene do capsideo. Um controle interno foi utilizado para monitorar a extracéo

do RNA viral e inibicéo da reacéo.

Neste estudo, o Simplexa™ Dengue Real Time RT-PCR, disponivel recentemente,
confirmou todos os casos humanos testados e também o DENV-4 como o sorotipo
infectante na fémea previamente positiva por RT-PCR convencional, com um Ct (cycle
thresold) de 23.5. Os valores de Ct no PCR em tempo real sdo inversamente

proporcionais a quantidade de acido nucleico da amostra. Valores de Ct< 29 indicam
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reagdes fortemente positivas de acido nucleico alvo abundante nas amostras, valores de Ct
entre 30-37 indicam reacdes positivas com quantidades moderadas do acido nucleico
alvo, enquanto que valores de Ct entre 38 e 40, indicam reacfes com quantidades
minimas do acido nucleico alvo. Os valores de Ct obtidos para os casos humanos
variaram de 16.8 a 35.1 (média £ 25.0).

Os resultados obtidos no diagnostico laboratorial e vigilancia entomologica
utilizando técnicas moleculares, como o RT-PCR convencional e/ou RT-PCR em tempo
real, apontam estas abordagens como eficientes e especificas para a vigilancia dos DENV,
mesmo quando um novo sorotipo € introduzido ou reemerge durante uma epidemia

causada por outro sorotipo prevalente.
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6- Conclusdes

e A vigilancia entomoldgica realizada no periodo de 1986 a 2011 permitiu o isolamento
de DENV em mosquitos naturalmente infectados possibilitando a caracterizagao
molecular de DENV-1, 3 e 4 e a analise filogenética destes, assim como de DENV
provenientes de casos humanos.

e A RT-PCR para a triagem de DENV em vetores se mostrou uma ferramenta til para
a vigilancia virologica e estudo retrospectivo, com taxas de deteccdo que variaram
de 0,78% a 25%.

e A analise filogenética de virus isolados em vetores e de casos humanos caracterizou
0s DENV-1 como pertencentes ao genoétipo V (Americas/Africa), com a descricao
de trés linhagens distintas.

e A andlise filogenética de virus isolados em vetores e de casos humanos caracterizou
os DENV-3 como pertencentes ao GllI e a caracterizagdo molecular destes virus
demonstrou a presenca de insercoes e delecdes na regido 3'NC do genoma.

e As delecdes observadas na regido 3'NC resultaram em estruturas secundarias
similares, porém nem todas as cepas com insercdes nesta regido apresentaram
estrutura similar.

¢ O RT-PCR em Tempo Real possibilitou, pela primeira vez, a quantificagdo de DENV
em fémeas individuais naturalmente infectadas.

e O teste comercial Simplexa™ Dengue Real Time RT-PCR, disponivel recentemente,
foi utilizado pela primeira vez para deteccdo dos DENV e se mostrou um método
molecular alternativo para as vigilancias entomoldgica e viroldgica.

e Os resultados neste trabalho, utilizando técnicas moleculares, apontam estas
abordagens como rapidas, sensiveis e especificas para a vigilancia dos DENV,
mesmo gquando um novo sorotipo € introduzido ou reemerge durante uma epidemia
causada por outro sorotipo prevalente.
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7. Pespectivas

Pretende-se investigar os aspectos viroldgicos e entomoldgicos de interacdo
mosquito vetor-DENV-3, pela regido 3'NC de infecgoes experimentais das cepas
com as deleces e insercdes para possiveis variacdes nucleotidicas na pés-infeccao

do mosquito.

Como perspectivas futuras, pretendemos dar continuidade as vigilancias
epidemioldgicas que envolve tanto a entomoldgicas como a viroldgicas,
principalmente nos intervalos interepidémicos, que possibilite a deteccdo da
circulacdo viral, e genotipagem dos virus isolados dos vetores para obter

informacdes relevantes na compreensdo da interacdo gendtipo/sorotipo-mosquito.
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Culicidae) em Roraima, Brasil

Ducineia Barros AGUIAR!, Almir FONTAQ?, Pedro RUFINO?, Valdenor Alves MACEDO", Cldudia Maria
RIOS-VELASQUEZ?, Mircia Gongalves CASTRO®, Nildimar Alves HONORIO?

RESUMOD

Aedes albopictus é registrado pela primeira vez no estado de Roraima, Brasil. Entre junho de 2006 e maio de 2007 foram
coletadas trés pupas e dez larvas, duas das quais chegaram a fase adulta, durante atividades de vigilincia rotineiras em trés bairros
urbanos da cidade de Boa Vista. Embora essa espécie nio seja incriminada como vetor primdrio do dengue, a sua presenca
pode favorecer a ligagio entre os ciclos silvestre e urbano da febre amarela e de outras arboviroses no Brasil.

PALAVRAS-CHAVE: Aedes albopictus, Dengue, Roraima

First record of Aedes albopictus (Diptera: Culicidae) in the state of Roraima,
Brazil

ABSTRACT

Aedes albopictus is registered for the first time in Roraima, Brazil. From June 2006 to May 2007, three pupae and ten larvae
of Ae. albopictus were collected, during routine surveillance work in three urban neighborhoods in the city of Boa Vista. Two
larvae reached adulthood as females. Although Ae. albopictus is not presently considered of primary importance in dengue
transmission, its occurrence could favor a linkage berween urban and forest cycles of yellow fever and other arboviruses in
Brazil.

KEYWORDS: Aedes albopictus, Dengue, Roraima

! Bidloga do Nicleo Estadual de Entomologia, Secretaria de Estado da Satide de Roraima e-mail: ducibio10@yahoo.com.br.

2 Agente de Endemias da Prefeitura Municipal de Saide de Boa Vista e do Niicleo Avangado de Vetores da Universidade Federal de Roraima. e-mail: afc@click21.com.br
3 Agente de Saide Pablica, Nicleo Estadual de Entomologia, Secretaria de Estado da Satde de Roraima email: pedrorufino@uol.com.br.

* Agente de Saide Pablica, Nicleo Municipal de Entomologia, Secretaria de Saide de Boa Vista, Roraima e-mail: valdenoralves@yahoo.com.br.

5 Pesquisadora do Laboratério de Biodiversidade em Saide do Gentro de Pesquisa Lednidas & Maria Deane - FIOCRUZ/AM. e-mail: crios@amazonia.fiocruz.br

8 Pesquisadora do Laboratorio de Transmissores de Hematozodrios, Departamento de Entomologia do Instituto Oswaldo Cruz — FIOCUZ. e-mail: meastro@ioc. fiocruz.br
7 Pesquisadora do Laboratério de Transmissores de Hematozodrios, Departamento de Entomologia do Instituto Oswaldo Cruz — FIOCUZ. e-mail: honorio@ioc.fiocruz.br

357 VOL. 38(2) 2008: 357 - 360



Vigilancia virologica dos virus dengue: genotipagem e caracterizacao.....

BGOSR conTproved 5 0e

ACTA
AMAZONICA

Aedes albopictus (Skuse 1894) é uma espécie oriunda
do sudeste da Asia, onde é considerado o vetor primdrio
do virus dengue (Hawley, 1988). No Brasil, foi registrado
primeiramente em 1986 no Rio de Janeiro e em Minas Gerais.
Posteriormente, foi invadindo estados vizinhos, como Sio
Paulo e Espirito Santo (Consoli & Lourenco-de-Oliveira,
1994). Até a presente comunicagio, apenas 6 dos 27 estados
brasileiros ainda ndo registraram a ocorréncia dessa espécie:
Amapd, Acre, Tocantins, Piaui, Sergipe ¢ Roraima (Santos
2003; Martins et al., 2006).

A presenga de Ae. albopictus ¢ um sério problema para
a saude publica. Apesar de Ae. albopictus ainda nio ter
sida. incriminado. coma. vetor. natural_do. deneye no. Brasil..

PRIMEIRO REGISTRO DE Aedes albopictus (DIPTERA: CULICIDAE) EM RORAIMA, BRASIL

Boa Vista

‘Araceli Souto Maior

QI G OEE=C

e

laboratdrioede ﬂmmﬁgm[w:lagoes—brm eltas desta-espécie
ém a capacidade de se infectar com o virus do dengue e
transmiti-lo (Lourengo-de-Oliveira er al., 2003; Castro et
al., 2004).

Ao contrério do Ae. aegypti, Ae. albopictus se espalha nos
ambientes urbano, suburbano e rural, nio dependendo de
locais de grande concentragio humana (Consoli & Lourengo-
de-Oliveira, 1994). Além disso, apresenta ampla plasticidade
ecolégica evidenciada pela capacidade de colonizar os mais
variados tipos de recipientes, naturais e artificiais (Hawley,
1988). O presente estudo teve o objetivo de registrar a primeira
ocorréncia de Ae. albopictus no estado de Roraima, Brasil.

Os primeiros exemplares de Ae. albopictus foram coletados
durante as atividades de rotina do Programa de Vigilincia
e Conrrole do Dengue na cidade de Boa Vista. Agentes de
endemias realizam visitas domiciliares bimestralmente em
busca de criadouros contendo formas imaruras do Aedes
aegypti, além de implantarem armadilhas de oviposi¢io
em cinco bairros da cidade para obtengdo dos indices de
infestagdo. Durante uma dessas visitas, em junho de 20006,
foram coletadas duas pupas de Ae. albapicrus (1 macho e 1
fémea) no bairro Araceli Souto Maior (02° 46 44.4” N; 60°
43’ 10.8” W), em um depésito abandonado no quintal de
uma residéncia. Em novembro de 2006 foi coletada mais
uma pupa fémea de Ae. albopiceus, em um depdsito artificial
no peridomicilio de uma residéncia localizada no bairro
Cinturao Verde (02° 48” 00.7” N; 60° 41° 56.9” W), que
fica a 50 m do Igarapé Pricuma. Em maio de 2007, foram
coletadas 10 larvas de Ae. albopicrus, em uma ovitrampa,
localizada no bairro Pricuma (02° 48° 21,9” N; 60° 41° 50,57
W), situado na zona oeste da cidade de Boa Vista. Destas,
apenas 2 chegaram a fase adulta. Os bairros onde as 3 pupas e
10 larvas de Ae. albopictus foram coletadas apresentam ampla
cobertura vegetal, acompanhados por extensa mata aluvial
e cortados pelos Igarapés Uai Grande e Pricuma (Figura 1).
As larvas, as pupas e os adultos do mosquito coletados nesse
trabalho foram identificados seguindo a chave dicotdémica

Figura 1 - Mapa da ocorréncia de Aedes albopictus nos bairros Pricuma,
Cinturdo Verde e Araceli Souto Maior, Boa Vista, Roraima.

de Consoli & Lourengo-de-Oliveira (994). As larvas e pupas
foram mantidas em dlcool a 70% e os adultos montados em
alfinetes entomolégicos. Os espécimes foram depositados
na colegio entomolégica do Niicleo Avancado de Vetores
do Departamento de Medicina da Universidade Federal de
Roraima - UFRR.

O estado de Roraima é considerado uma porta
de entrada de patégenos em decorréncia da sua posigio
geogrifica (acesso ao Brasil a partir do Caribe, Venezuela e
América Central), caracteristicas climdricas e alta incidéncia de
dengue (Rosa-Freitas ez al., 2003). A rodovia BR-174, que liga
Manaus 4 Caracas, proporciona um intenso fluxo de pessoas
vindas da regido do Caribe (onde a dengue é endémica) e de
Manaus (onde doencas como a dengue e a febre amarela sio
endémicas), tornando as cidades que margeiam a rodovia,
como ¢ o caso de Boa Vista, particularmente suscetiveis a
epidemias. Além disso, foi em Roraima que houve o primeiro
registro clinico e laboratorial de dengue em 1981-1982
(Osanai et al., 1983).

Embora o Ae. albopictus seja considerado vetor
potencial de dengue (Schatzmayr, 2000), seus aspectos
ecoldgicos tais como: eclético quanto a alimentagio sangiiinea
(Consoli & Lourengo-de-Oliveira, 1994), capacidade
de dispersio (Honério er al., 2003) segregacio espacial,
competicio interespecifica (Braks er al, 2003, 2004) e
adaptabilidade ecoldgica, podem favorecer a ligagio entre
os ciclos silvestre e urbano da febre amarela e de outras
arboviroses no Brasil (Braks ez al., 2003, Lourengo-de-Oliveira
et al., 2003).
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Seasonal dynamics of Aedes aegypti (Diptera: Culicidae) in the
northernmost state of Brazil: a likely port-of-entry for dengue virus 4

Claudia Torres Codeco'/*, Nildimar Alves Honério?, Cliudia M Rios-Veldsquez?,
Maria da Conceicao Alves dos Santos®, Ingrid Vieira de Mattos®, Sérgio Bessa Luz?,
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Roraima is the northernmost state of Brazil, bordering both Venezuela and Guyana. Appropriate climate and vector
conditions for dengue transmission together with its proximity to countries where all four dengue serotypes circulate
make this state, particularly the capital Boa Vista, strategically important for dengue surveillance in Brazil. None-
theless, few studies have addressed the population dynamics of Aedes aegypti in Boa Vista. In this study, we report
temporal and spatial variations in Ae. aegyph population density using ovitraps in two highly populated neighbour-
hoods; Centro and Tancredo Neves. In three out of six surveys, Ae. aegypti was present in more than 80% of the
sites visited. High presence levels of this mosquito suggest ubiguitous human exposure to the vector, at least during
part of the year. The highest infestation rates occurred during the peak of the rainy seasons, but a large presence
was also observed during the early dry season (although with more variation among years). Spatial distribution of
positive houses changed from a sparse and local pattern to a very dense pattern during the dry-wet season transi-
tion. These results suggest that the risk of dengue ftransmission and the potential for the new serotype invasions are
high for most of the year.

Key words: dedes aegypti - dengue fever - ovitraps - seasonality - Amazon

Separated from the rest of country by the Amazo-
nian Forest, Roraima (RR) 1s the most 1solated state in
Brazil. Boa Vista, its capital, 15 a medium-sized city
(249,853 inhabitants) (IBGE 2008a) located in the mid-
dle of a sparsely populated savannah. A highway is the
only paved interstate route, connecting Boa Vista to the
city of Manaus 805 km to the south and the Venezuelan
border 220 km to the north. Despite its 1solation. Boa
Vista (and RR as a whole) has received - and continues
to receive - a large inflow of visitors and migrants from
Venezuela, Guyana and the Caribbean countries, as well
as migranis from other regions of Brazil. As a conse-
quence, RR’s population increased from 79,400 inhab-
itants 1n 1980 to 395.725 inhabitants 1in 2008, a 5-fold
increase in fewer than 30 years. Today, 53.7% of RR’s
population are immigrants, the highest proportion ob-
served in Brazil (IBGEb 2008).

The first dengue fever epidemic in Brazil after the
re-invasion by dedes aegypti occurred n Boa Vista in
1981-1982 with 11,000 reported cases (Osanai et al. 1983,
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Travassos-da-Rosa et al. 1998). DENV-1 and DENV-4
were 1solated. For four years prior to this, DENV-1 was
spreading throughout the Caribbean Islands, Central
America and Northern South America (Moros et al.
2003, Uzcategui et al. 2003). The year 1981 also marked
the arrival of DENV-4 1n the Americas (Lanciotts et al.
1997). In Boa Vista, this first invasion was interrupted
through vector control programs and the country was
spared any new dengue invasions until 1986, when
DENV-1 arrived 1n Rio de Janeiro, triggering nation-
wide epidemics (Nogueira et al. 2007). Dengue fever
has become an endemic disease in Brazil, with the co-
circulation of DENV-1. DENV-2 and DEN'V-3 1n most of
the 27 Brazilian states. DEN'V-4 did not persist in Brazil
after RR’s 1981-1982 outbreak (Nogueira et al. 2007).
In 2008, Figueiredo et al. reported that three patients
had been infected with DENV-4 in Manaus, Amazonas.
This result has been contested by the Ministry of Health
and so far no consensus exists on the presence of DENV-
4 in the Brazilian Amazon (de Melo et al. 2009).

For several vears now. RR has consistently had one
of the highest dengue incidence rates among Brazil-
ian states. In 2007, RR registered an incidence rate of
594 8 cases per 10,000 inhabitants. This was the high-
est rate after Amapa (877.7), Tocantins (TO) (1415.3)
and Mato Grosso do Sul (MS) (3213). In 2006, the in-
cidence rate in RR was 657.8, highest after MS (688.3)
and TO (665.7) (MS 2007).
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Its proximity to Venezuela, where all four dengue
serotypes are found, and appropriate vector and cli-
mate conditions for dengue transmission. make Boa
Vista a strategic point for dengue surveillance in Bra-
zil. Despite this fact, studies on de. aegypti popula-
tion dynamics 1n this area are still scarce (Zeidler et
al. 2008). In this paper, we report spatial and temporal
variations in the number of de. aegypti eggs collected
in Boa Vista. The characteristics of the locations with
high egg numbers are also noted.

MATERIALS AND METHODS

The city and the studied neighbourhoods - RR
1s located in Northern Brazil (Fig. 1). Its capital, Boa
Vista (02°%49°11"N 60°40°24™W 85 m), has an area of
5,687 km? and 249 853 inhabitants (IBGE 2008a). Boa
Vista 1s located 1n a savannah ecoregion (Rosa-Freitas
et al. 2007). The climate is tropical wet and dry, with
an average temperature of 27.8°C (10-year average)
(NASA 2001) and very low intra-annual variability.
Average yearly ramnfall amounts to approximately 429
mm (4-year average) (NASA 2001). Schmidt (1942)
described the regional climate as having two distinct
seasons: a rainy season between April-November, with
high rainfall indices during the months of June and July
and a dry season, from December-March A three-year
study of Boa Vista showed a dry season between Octo-
ber-March and a wet season between April-September,
with especially high rainfall indices 1n June and July
(Rosa-Freitas et al. 2006).

Centro and Tancredo Neves were the two neighbour-
hoods chosen for this study. Centro 1s the downtown
area, situated along the Branco River It i1s the oldest
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part of the town. The resident population is ca. 6,000
individuals (Rosa-Freitas et al. 2003), with an average
residence time of 27.5 years (estimated from this study
sample). Commercial activity is intense and most of
the Boa Vista population commutes through this area.
Residents in Centro earned, on average, USS 799/month
(equivalent to 3 current Brazilian minimum salaries)
(Rosa-Freitas et al. 2003).

Tancredo Neves is located in a more recently settled
area in the west part of Boa Vista, 6 km from Centro.
Tancredo Neves is characterised by a more precarious
infrastructure, a lower average income (US$ 265/month,
equivalent to 1 Brazilian minimum wage), 17% illiteracy
and an average residence time of 10 years.

Ovitrap setting and sampling - Fifty coordinate pairs
were randomly sampled from street maps of each area
(with a restriction that distance between coordinate pairs
should be > 50 m). A field team visited the area with
a GPS to locate the premise closest to each coordinate
pair. The resident was invited to participate in the study
and was interviewed upon signed consent.

Six mosquito surveys were carried out. To sample
during the rainy season. collections were performed
in July 2005 and June 2007. To sample during the dry
season, collections were performed in November 2005,
November 2006 and November 2007 (early dry season)
and in March 2007 (peak of the dry season). In each sur-
vey, one ovitrap was placed in the peridomicile of 50
premises per neighbourhood. usually in the garden or
in a shady area. An ovitrap 1s a black plastic container
filled with a mixture of water (270 mL) and an infusion
of diluted hay (30 mL), with a wooden stick (15 cm x 2 cm)
glued to the container wall to collect eggs (Reiter et al.

Fig_ 1: geographical location of Boa Vista, Roraima, Brazil. Centro and Tancredo Neves are the two study sites.
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1991, Honorio et al. 2003). One week after bemng set,
the ovitrap was removed and taken to the laboratory,
where wooden sticks positive for eggs were submerged
in water. Ecloded larvae were bred to their 4th larval in-
star, identified [using taxonomic keys from Consoli and
Lourengo-de-Oliveira (1994)] and counted.

Temporal and spatial indices - Trap positivity index
(TP) and egg density index (MED) were calculated. TP
1s the proportion of positive traps; MED 1s the ratio be-
tween the total number of eggs collected and the total
number of traps (Regis et al. 2008). Differences in TP
and MED between seasons per neighbourhood were
analysed (3* and Wilcoxon tests respectively calculated
using the software R 2.6.0, (R Development Core Team
2006). Infestation maps were made using ArcGis 9.1
(ESRI. Redlands, CA. US). For each area and season we
calculated a smooth kernel with a 250 m radius.

Building characteristics - Premises were classified
as residential. commercial or both. Yards, when pres-
ent, were classified according to the amount of shade
(no shade, partially shaded, completely shaded) After
inspection, all containers that could potentially become
breeding sites (either currently filled with water or not)
were identified and recorded. By inquiring with the
householder, we obtained information regarding access
to public services (water, sewage) and socio-demographic
characteristics of the residents (income, schooling, time
of residence 1n Boa Vista and 1n the neighbourhood). As-
sociations between infestation and premise characteris-
tics were tested (Kruskall-Wallis and 3 tests).

RESULTS

Study area, city and the neighbourhoods - In Centro,
65% of the premises included 1n the survey were residen-
tial and 35% were commercial. All but one premise had
a yard and 68% of the yards had shady areas. Containers
that could potentially be colonised by dedes were found
on 14 premises (28%). Most of the containers were small
flower vases and discarded bottles. All premises (but
one) were linked to the city water system. Five prem-
1ses also stored water for consumption i large cisterns
(1 school and 4 residences). Most premises (95%) were
made of brick.

In Tancredo Neves, all premises in the survey were
residential (4% with double function, residential and
commercial). All but one premise had yards and 98% of
the yards had shady areas. Containers that could poten-
tially be colonised by dedes were found on 21 premises
(42%%). Most of the containers were flower vases and dis-
carded bottles. A total of 82% premises were linked to
the city water system and 40% were also storing water
for consumption in large cisterns. Most premises were
made of brick (90%).

Species captured - More than 99% of the larvae that
hatched from collected eggs were identified as de. ae-
gypti. Less than 1% of larvae were Culex nigripalpus
and Cx nigripalpus was only found in Tancredo Neves.
All further analyses considered total eggs counted as a
measure of the degree of de. aegypti infestation.

Comparison between neighbourhoods. Ovitraps re-
suifs - A total of 21,399 eggs were collected during the
whole study, with two thirds of eggs collected 1n Tan-
credo Neves (y* = 2565, df = 1. p < 0.001). Considering
each survey separately, Tancredo Neves always yielded
the highest number of eggs (Fig. 2B). TP positivity, on
the other hand, was similar in both Centro and Tancredo
Neves 1n all surveys but the last one, performed 1n No-
vember 2007 (3> =115, df = 1_ p < 0.001).

Temporal pattern - TP peaked during the rainy sea-
son (July 2005 and June 2007), with TP = 80% in both
neighbourhoods. This was also the period with the high-
est egg density in Tancredo Neves (with MED =49.5 and
116 eggs/trap during the rainy seasons of 2005 and 2007,
respectively). Centro showed lower egg densities and its
only survey with high density values (MED = 69.2 eggs/
trap) also eccurred during a rainy season (Fig. 2).

TP 1in the early dry season presented high variability
between years. High infestation (= 80%) was observed
in 2005, intermediary infestation (60-75%) 1n 2006 and
relatively low infestation (35-70%) in 2007. November
of 2007 was an unusually dry month, registering only
4 8 mm of rainfall (in November 2005 and 2006, rainfall
averaged 85 mm).

Only during the peak of the dry season (March 2007)
were infestation indices low. with TP < 25% and MED
< 10 eggs/trap.
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Fig. 2: Aedes asgypti infestation measured in Centro and Tancrede
Neves, Boa Vista, Roraima, Brazil. A: percentage of positive ovitraps
(PT); B: mean egg density (MED).

Egg distribution among premises - The number of
eggs per premise was highly skewed (Centro: average
of 30 eggs/premise, median of 1 egg/premise; Tancredo
Neves: average of 56 eggs/premise. median of 13 eggs/
premise). A small number of premises contributed most
of the eggs captured (Fig. 3). During the infestation
peaks (July 2005, November 2006 and June 2007), 10-
20% of the premises yielded half of the total de. aegypti
eggs in Centro and 12-18% yielded the same proportion
in Tancredo Neves. In Centro, during the lowest infesta-
tion pertod (March 2007, 1n the dry season), two prem-
1ses alone were responsible for = 50% of eggs collected.
These premises were a large commercial site and a
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Fig. 3: cummlative distribution of dedes aegypti eggs collected from the
most productive premises. during the rainy and dry seasens, in Centro
and Tancredo Neves neighborhoeds, Boa Vista, Roraima, Brazil.

residence. In Tancredo Neves, three premises produced
= 50% of all eggs collected 1n the same period of time.
These three premises were a car-wash and two residen-
ces. Infestation maps for each season and neighbourhood
are shown 1n Figs 4 and 5 with the most productive prem-
1ses marked as black circles (dark grey colour indicates
highly infested areas).

No association was found between the following
measured premise traits and de aegypti egg density:
(1) be a residence (not commercial) (Centro: Wilcox-
son’s W = 4052, p = 0.24; Tancredo Neves: W = 2135,
p = 0.8926). (11) degree of shade in courtyard (Centro:
Kruskal-Wallis = 1.0642. df = 2. p = 0.58; Tancredo
Neves: Kruskal-Wallis = 0.3008, df =2, p = 0.86) and
(111) have potential breeding sites in the yard (Down-
town: W = 4446.5, p = 0.14; Tancredo Neves: W =
4824 5 p = 0.98). The other characteristics measured
(water supply, sewage service etc.) showed low varia-
tion among premises and could not be tested.

DISCUSSION

Routine surveillance of de. aegypti in Boa Vista
based on household surveys and the premise index cal-
culation suggests that mosquito abundance in Boa Vista
has a strong seasonal profile, with a high peak during
the wet season (May-August) (Fig. 6B). In contrast, den-
gue incidence in Boa Vista has shown a vanable year-to-
vear profile, with peaks occurring in the rainy season in
some vears and in the dry season in other vears (Fig. 6C)
(Rosa-Frestas et al. 2003).

Qur data show that the period of high mosquito abun-
dance 1s larger than suggested by the premise index data.
In particular, we found high infestation indices during
the early dry season (November), when the premise in-
dex consistently showed low values. A comparable result
was found in another neighbourhood of Boa Vista, where
77.8% TP 1n November 2006 was measured (Zeidler et
al. 2008). The greater sensitivity of ovitrap indices when
compared to premise indices may explain the observed
discrepancies between premise and ovitrap indices and
underscore the value of using ovitraps (or other similar
traps) for surveillance m Boa Vista.

The main meteorological determinant of mos-
quito population dynamics in Boa Vista seems to be
the amount of rainfall (Zeidler et al. 2008). This result
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Fig. 4: Aedes aegypti infestation maps in Centro, Boa Vista, Roraima,
Brazil during the (A) early dry season (B) dry season, (C) rainy season
and (D) early dry season. Lines represent the streets. Circles indicate
the 50 premises where ovitraps were installed. Black circles indicate
the most productive premises at each season (they together produced
= 50% of the total number of collected eggs). Grey intensity indicates
the estimated egg density.
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Fig. 5: Aedes aegypti infestation maps in Tancredo Neves, Boa Vista, Roraima, Brazil during: (A) early dry season (B) dry season, (C) rainy

season and (D) early dry season. Lines and colors are explained in Fig. 4.

contrasts with the southern part of the country, where
temperature seems to play the major role (NA Honério
et al | unpublished observations). Ramnfall 1s a “noisier™
external force than temperature and is also character-
1sed by higher vanation between years. In Fig. 64 a 10
vear time series of rainfall in Boa Vista 1s depicted. This
plot shows the occurrence of wetter and drier rainy sea-
sons, depending on the year. Moreover, a shorter rainfall
season at the end of the year (November-December) 1s
noticeable, varying in magnitude from year to year. This
short wet season may be responsible for the highly vani-
able egg counts observed in November 1n our study.
Human behaviour may also change throughout the
year 1n response to rainfall It 1s interesting to note that
mosquito infestation was always higher in Tancredo
Neves, the neighbourhood, with twice as many house-
holds reporting that they store drinking water on their
property. This difference between Tancredo Neves and

Centro 1s consistent with previous observations based on
premise indices (Fig. 8 in Rosa-Freitas etal. 2003), which
placed Tancredo Neves high on the list of infested neigh-
bourhoods and Centro somewhere in the middle. This
year-to-year consistency at the neighbourhood scale con-
trasts with the apparently random risk of infestation at
the household level. None of the investigated variables at
household level (house type, presence and type of yard,
number of households, access to piped water, presence
of potential breeding sites, drinking water storage) was
found to be significantly associated with the presence
of eggs or the number of eggs collected. For some vari-
ables, a lack of association at the household level can be
attributable to a lack of variation among houses (access
to piped water, type of vard. for example). For other vari-
ables - such as the presence of potential breeding sites
- a lack of association may be attributable to the type of
trap used, which can attract mosquito females from the
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Fig. 6: A: log-transformed average monthly rainfall in Boa Vista,
Roraima, Brazil between 1998-2007; B: box-plot of dedes aegypti
premise index per month, data from 1997-2003; C: monthly notifica-
tion of dengue fever in Boa Vista, 2001-2006 (Institute Nacional de
Pesquisas Espaciais - INPE, Ministério da Sande - MS).

vicinity of the house rtself. The infestation maps show
that during the high infestation periods, de. aegypii s
present through the entire neighbourhoods.

In Boa Vista, the lack of strong external forces (such
as temperature) may increase the role of stochasticity
in infection demographics. Without a strong seasonal
force, small oscillations in environmental variables (such
as rainfall) may trigger large oscillations in disease in-
cidence, as has been shown by mathematical models
(Alonso et al. 2007). Poor predictability points to the need
for continuous surveillance of vector density and dengue
cases, especially during the ramy and transition seasons.
Persistent differences between neighbourhoods in terms
of de. aegypti density should be investigated further by
integrated research approaches. combining anthropologi-
cal and epidemiological methods to reveal the interplay
between irregular water supply, urban environment and
Ae. aegypti infestation (Caprara et al. 2009).

As within-country travel to and from Boa Vista in-
creases, the risk of a DENV 4 introduction m Brazil in-
creases. The particular features of dengue dynamics in
Boa Vista show the need for customized vector and den-
gue surveillance and control measures for this city.
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Abstract

Dengue fever has become the most important
vector-borne viral disease in Brazil. Human fa-
cilitated transport of desiccation-resistant eggs
has led to its two most important vectors, Aedes
aegypti and Ae. albopictus, becoming wide-
spread. In this paper, we report seasonal and spa-
tial variation in larval abundances of Ae. aegypti
and Ae. albopictus across a small-scale transi-
tion zone between an urban area and an urban
wooded/forested area within Rio de Janeiro, Bra-
zil. We installed 400 ovitraps across 10 sites with
different human population densities and veg-
etation coverage. Eggs and larvae were collected
for three weeks during the wet and dry seasons
of 2002 and 2003. Ae. albopictus was predomi-
nantly found in the forested areas of the study site
whereas in the urbanized area Ae. aegypti was
more abundant. Both species peaked during the
wet season. This distribution pattern, which may
reflect adult flight range, may favor the co-occur-
rence of larvae of these species in a small-scale
urbanfurban forest transition zone.

Aedes; Dengue; Spatial Analysis
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Introduction

The reemergence of dengue fever in Brazil be-
gan in 1986, a few years after the recolonization
of the country by its main vector Aedes aegypti.
The other potential dengue vector, Ae. albopictus,
was discovered in Brazil in 1986. Factors such as
human-facilitated transportation of desiccation-
resistant eggs have led to Ae. aegypti and Ae. al-
bopictus becoming widespread. In addition, the
Brazilian climate offers favorable conditions for
the invasion and expansion of dengue vectors 1.
The spread of dengue vectors is helped by the
intensity, frequency and speed at which people
and cargo are transported within the country 2.
A recent study, conducted in Nova Iguacu in the
metropolitan area of Rio, showed that densely
populated neighborhoods located close to high-
ways with intense traffic can facilitate the intro-
duction and circulation of dengue viruses 34. In
these areas, strategic points such as gasoline sta-
tions, tire shops and scrap metal yards are strate-
gically important for the surveillance of dengue
vectors 3.

Ae. aegypti and Ae. albopictus are sympat-
ric species that tend to breed in similar sites,
most commonly in artificial containers 56. In-
ter-specific competition between these species
has been documented. Early work suggested Ae.
aegypti to be the superior competitor 7. More re-
cent works, however, have shown that Ae. albo-
pictus may be superior under laboratory 8% and
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field conditions 10.11, which probably explains
displacements of Ae. aegypti by Ae. albopictus
in some areas 10,12, [n North America and Brazil,
the introduction of Ae. albopictus has been as-
sociated with a decrease in the abundance of Ae.
aegypti13.14, with an impact on the geographical
distribution of this species 15,1617,

Urbanization and vegetation coverage seem
to have significant but opposite effects on the
occurrences of Ae. aegypti and Ae. albopictus 18,
Studies conducted in the Tijuca Forest in Rio de
Janeiro 19,20, showed that Ae. aegypii and Ae. al-
bopictus were more abundant near houses than
deeper in the forest 19, The dispersal of Ae. aegypti
and Ae. albopictus, estimated usingmark-release-
recapture techniques, showed that Ae. albopictus
can fly between sylvatic and peridomestic envi-
ronments while Ae. aegypti had a lower tendency
to disperse into the forest 20, suggesting that the
urban forest is a refuge for Ae. albopictus.

Several authors have shown that Ae. aegypti is
more prevalent in highly urbanized and densely
populated neighborhoods, whereas Ae. albopic-
tus is more prevalent in rural, suburban, and for-
ested urban areas 17.1819.20,21.22, However, most
of these studies have analyzed the distribution
of Ae. aegypti and Ae. albopictus on a large (city)
scale. The goal of the present study was therefore
to add further analysis to this process by look-
ing at Ae. aegypti and Ae. albopictus distribution
patterns at a local scale. In this paper, we report
seasonal fluctuations in the larval occurrences of
Ae. aegypti and Ae. albopictus across a spatially
heterogeneous landscape, characterized by two
distinct habitats - a highly populated low income
urban area, and a vegetated, more sparsely popu-
lated area — separated by a sharp transition zone
(the border of the Oswaldo Cruz Foundation
— FIOCRUZ - campus), in the city of Rio de Ja-
neiro. By characterizing the seasonal and spatial
variation in the larval density of both species, we
attempted to address the factors contributing to
the competitive advantages for each species.

Material and methods

Study site

The area encompasses the campus of FIOCRUZ,
Rio de Janeiro, Brazil (22°52'30"S, 43°14'53"W;
697,000m?), with large vegetation patches, and
the surrounding area, which are densely populat-
ed by low income residents and known as slums
(comunidades or favelas) (Figure 1). This forested
area within the campus is a refuge for a variety
of mammals and birds. Ten collecting sites were
defined, each representing different levels of an-

Cad. Saide Pablica, Rio de Janeiro, 25(6):1203-1214, Jun, 2007

thropic modifications, types of urbanization and
land use. Table 1 lists the main characteristics of
these sites.

The climate in Rio is tropical, with a drier
winter (May-September) and a rainy summer
(November-March). Air temperature and pre-
cipitation data were obtained from the nearest
meteorological station, located 10km from the
study site.

Classification of land coverage
and infestation maps

A visual review of an aerial photograph of the ar-
ea allowed us to classify the study area into four
zones: (1) densely builturban—an area composed
mainly of residential and commercial buildings;
(2) low vegetation coverage — an area composed
of short vegetation, mostly grass; (3) medium
vegetation coverage — an area composed of av-
erage size vegetation, shrubs or small trees that
were spatially scattered; and (4) high vegetation
coverage — an area composed mainly of tall veg-
etation, in patches (Figure 1). Maps showing the
spatial distribution of Ae. aegypti and Ae. albo-
pictus larval density in wet and dry seasons were
created using a kernel density estimator (Gauss-
ian function and smooth kernel of 100m radius.
ArcGis 9.1, ESRI; http:/ /www.esri.com/software/
arcgis/index.html). The kernel density estimator
that was chosen is an interpolation and smooth-
ing technique for generalizing point location to
an entire area and consists of a bi-dimensional
function of the events, forming a surface whose
value is proportional to the intensity of samples
for the area 23,

Entomological survey

Four entomological surveys were carried out
during the wet and dry seasons of 2002 and
2003. In each of the ten study sites (Figure 1),
we installed 40 ovitraps (a plastic vase with a
wooden oviposition paddle and hay infusion as
described previously) 16, After seven days, eggs
and larvae were collected. This procedure was
repeated during three consecutive weeks. Larvae
were identified and counted in the laboratory.
Paddles were stored at 25-28°C and > 80% hu-
midity and immersed in water after two weeks;
hatching larvae were reared up until the fourth
instar, and identified using key by Consoli & Lou-
rengo-de-Oliveira 24,

Statistical analysis

Analysis of variance (ANOVA) was used for test-
ing seasonal and spatial trends of the log-trans-
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Figure 1

The study site was an urbans/urban forest In a small-scale transition zone.
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Table 1

Main characteristics of the descriptors of each site within and outside of FIDCRUZ campus, Rio de Janeiro, Brazil.

Sites Distance Area Exposed Land coverage
from the (m?) human
border (m) population * Yo % low % medium % high
(approximate) urban vegetation vegetation vegetation

c1= 52 12,071.63 &5 = 21.06 0.00 15.81 43.13
c2* 109 49 B95.80 19= 7.27 0.00 0.00 B5.21
C3x &b 38,381.01 o= 16.67 0.00 11.94 71.04
c4 340 48975.61 450 20.69 2197 5432 im
Cch5* 254 3968821 285+ 17.60 2696 E5.45 0.00
Ca* as 38,431.98 Th&™ 19.58 0.85 4881 0.00
[or i 10 50,756.49 0= 27.m 22,64 3434 0.00
Fa~ -82 1B,545.67 31e9= 73.33 0.00 0.00 12.30
" 50 19,348.76 1175~ 82.34 6,49 0.04 0.00
P10~ 43 25,364.43 4923~ 89.77 0.00 Q.00 0.00

* Exposed population inside forested area (FIOCRUZ Campus) was obtained from the

Humazn Resources Department of FICCRUZ;

** Data of respected populztion In slums were obtained from the Instituto Brasileiro de Geografia e Estatistica (IBGE).

formed occurrences of immature specimens.
Simple Pearson correlations were used to test
for associations between species densities. Least
squares regression was used for fitting exponen-
tial models for infestation vs. distance. The slope
of the regression line for each season were com-
pared as described by Zar 25,

Results

Specimens

A total of 57,779 immature mosquito specimens
were collected, 41% of which were Ae. aegypii and
59% Ae. albopictus.

Spatial distribution

No significant difference was observed between
the log transformed mean number of larvae ob-
tained at the first, second, and third weeks of
each collecting period. Ae. albopictus was more
abundant in areas with high to medium dense
vegetation coverage (Fy j;y = 78.63, p < 0.001),
whereas densely populated areas were domi-
nated by Ae. aegypti (F 1,5 = 94.82, p < 0.001).
The species co-occurred at the transition zone
between highly populated and highly vegetated
areas (Figures 2 and 3). Figure 4 shows the result
of fitting a linear regression line to log (larvae)
x distance from the campus border (r2 = 0.78,

Cad. Saide Piblica, Rio de Janeiro, 25(4):1203-1214, Jun, 2005

Fi5=21.74 [p < 0.01] for the wet season and r2 =
0.84, Fy g =32.39 [p = 0.01] for the dry season). In
the wet season, the regression curve was: [pro-
portion Ae. aegypti] = 1.5115(exp ([distance]|-
0.0065]). From this model, we estimate that 72%
of Ae. aegypti larvae were within 50m from the
border, approximately 50% at 100m, and only
3.8% beyond 500m. For the dry season, the re-
gression curve was: [proportion Ae. aegypti]
= L6793 (exp ([distance][-0.0056]), suggesting
slightly wider larval distribution. For example,
57% would fly 100m and 6% would fly 500m. The
slope of the regression line for each season did
not differ significantly (Student’s t-test).

Seasonal variations

Approximately 50% and 28% of all Ae. albopictus
and Ae. aegypti larvae were collected during the
wet season and summer, respectively. The per-
centage of positive ovitraps also varied between
seasons. After a period with positive traps typi-
cally < 50% during the wet season of 2003, we
observed an increase in both Ae. aegypti and Ae.
albopictus frequencies (mean percent of positive
ovitrap of ~90%). Seasonal variation in rainfall
and temperature is shown in Figure 5. Outside
the forest area, both species showed similar tem-
poral patterns, characterized by relatively con-
stant densities during the first year, but with a
peak in the wet season of 2003, and areturn to the
baseline level (Figure 6). Rainfall indices varied
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Figure 2

Ac. acgypti AND Ac. albopictus SPATIAL DISTRIBUTION PATTERM

Mean density per site of Immatures of Aedes aegypt! (white cycle) and Aedes albopictus (black cycle) as a function of distance
from the border of the forest area, human population, and % vegetation coverage.
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Figure 3

Kernel estimation of density of Immatures of Aedes aegypt! and Aedes albopictus Inside and outside of forest area during wet
and dry seasons, 2002 and 2003. Sizes of the circles indicate abundance of larval density.
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Figure 4

Percentage of Aedes aegypti larvae retneved, as compared to the number obtained in the urbanized area, decreased exponentially
with the distance to the wall of the forest area. The lines represent the least squares regression fit of the data for the function
y = b*exp(x*a), durng the wet season (circles) and dry season (squares).
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Figure 5

Total rainfall and mean temperature per month, 2002 and 2002. Vertical bars Indicate maximum and minimum mean monthly

temperature. Arrows Indicate periods of data collection.
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intra-seasonally depending on the year, particu-
larly for some months of the year. The years 2002
and 2003 showed distinct rainfall regimes: rain-
fall peaked in February in 2002, and one month
later, in 2003; the spring rainfall started later in
2002 (September) than in 2003 (August); and in
December, it rained twice as much in 2002 as in
2003. The thermal variation range was bigger in
2003 than 2002 (Figure 5).

In the forested area, Ae. aegypt! followed the
same pattern observed outside the forested area,
but always at a lower density than inside (Table
2). Overall, the density of Ae. albopictus was twice
that of Ae. aegypti inside the forested area (Table
3; Figure 6).

Discussion

Our results show Ae. albopictus was more abun-
dant in areas with high to medium dense veg-
etation coverage, whereas the densely populated
areas were dominated by Ae. aegypti. These re-
sults are consistent with distribution patterns of
Ae. aegypti (in urban areas) and Ae. albopictus
(in more densely vegetated areas) found in the
literature 17.18.13.202122_ Ae, glbopicius was found
associated with vegetated areas mostly inside the
forested area of FIOCRUZ Campus (Figures 1 and
3), where vegetation coverage is highest. Coex-
istance occurred at the transition zone, defined

Cad. Sa0de Piblica, Rio de Janeiro, 25(8):1203-1214, |un, 2009

as the area that covers the campus wall and its
vicinity (Figure 3). Similarly, co-occurrence of the
two species has been reported in suburban areas
in Rio de Janeiro 17.22, We hypothesize that the
host-seeking behavior of Ae. albopictus may play
arole in this distribution. Areas 4 and 5, with low-
medium vegetation coverage, in the center of the
forest area were systematically less positive to Ae.
albopictus than other areas. This may be due to
low vegetation coverage.

Both species showed seasonal variation in
their larval densities. Overall larval densities for
both Ae. aegypti and Ae. albopictus were greater
during the wet seasons (Figure 6). Variation was
more marked in Ae. albopictus (Figures 2, 3, and
6). This is in concordance with previous studies
in Rio de Janeiro &. In the dry season of 2002, Ae.
albopictus and Ae. aegypti mean densities de-
creased in the forest area, but remained constant
in the densely built urban area. Ae. aegypti was
more abundant in the wet season of 2003 than it
was in the wet season of 2002. The same was true
for Ae. albopictus. These may have been due to
higher rainfall indices in March (Figure 5).

Data suggest that Ae. aegypii has a more stable
response to climatic variation. The main cause of
the shift in distribution of the two species may
be due to a greater increase in egg mortality for
Ae. albopictus under dry conditions, compared
to Ae. aegypti %6, Therefore, dry conditions could
shift the competitive advantage away from Ae.
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Table 2

Ae. aegypti AND Ae. albopictus SPATIAL DISTRIBUTION PATTERN

Mean number of Aedes aegyptr larvae retrieved at each ovitrap area In the wet and dry seasons, 2002 and 2003.

Sites * 2002 2003
Wet sD Dry sD Wet sD Dry 5D

C1 119.00 79.67 144 67 190.00 165.00 41.62 25.00 10.58
c2 57.00 46.51 77.00 3593 103.00 55.03 35.67 4843
C3 109.00 70.55 T1.67 44,82 92.00 19.97 1.00 173
c4 28.00 2437 37.33 2875 &60.67 30.73 12.00 11.14
Cs 25.00 1200 33.33 2223 161.67 163.84 2433 28.04
Ct 75.33 58.48 9B.67 79.86 207.00 49.49 40.00 3822
Cc7 123.00 34.60 135.00 4349 37767 237.00 108.33 168.66
Pa 43567 184.91 7033 99.45 1142.67 519.56 47067 22882
Pe 36267 243.66 7633 240.67 711.33 319.31 174.33 95.10
P10 391.33 17718 183.00 7292 602.33 295.63 141.67 87.44

Note: standard dewiations (SD) for the three weeks are reported.
* Site codes correspond to those In Figure 1.

Table 3

Mean number of Aedes albopictus larvae refrieved at each collecting area In the wet and dry seasons, 2002 and 2003.

Sites * 2002 2003
Wet sD Dry sD Wet sD Dry 5D

C1 41800 26627 16567 104.85 111433 40201 &6.00 6444
c2 1,007 .47 68939 29833 P6.73 F34.67 29505 116.33 31.34
C3 88847 9571 138467 20223 1,276.67 367.22 253.00 112.28
c4 192.67 23 97.33 12342 &647.33 26604 119.00 41.00
C5 14033 59.54 12733 132.67 886.67 42302 80.00 32.79
Cé 72.33 53.16 15.33 10,12 572.67 13288 75.33 51.83
7 357.00 2491 94.00 Ry T41.67 23451 71.33 44.00
Pa 3.33 .06 10.22 1012 200.33 177.80 30.00 22.61
Pe 5.00 6.24 5.67 9.81 27.33 18.58 10.33 2896
P10 1.00 1.00 15.33 26.56 44.00 346 7.67 10.79

Note: standard dewiations (SD) for the three weeks are reported.
* Site codes correspond to those In Figure 1.

albopictus, favoring Ae. aegypit, a pattern docu-
mented in controlled laboratory environments 27,
Nevertheless, the greater stability in Ae. aegypti
numbers in urban areas could also be due to its
habitat preference for domestic situations 22, The
relatively protected environment provided by
housing may favor stable year-long breeding site
availability 20,22,

Our results suggest that the occurrence of
both species varies seasonally and spatially (Fig-
ures 2, 3 and 6). Ae. aegypti and Ae. albopictus
were more common in the area closer to the bor-
der inside FIOCRUZ Campus and Ae. albopictus

was practically absent inside the densely built
urban area. Although there was no statistically
significant negative correlation for any of the pe-
rinds separately, the overall densities of both spe-
cies in the small transition zones were negatively
correlated, despite parallel seasonal fluctuations.
Because these species colonize distinct habitats
in Rio de Janeiro, Ae. albopictus may not replace
Ae. aegypti, and both species may be common
in a single area with their abundances positively
correlated 17, Also, as suggested in studies in Flor-
ida, USA, local coexistence of these species may
be possible in a seasonal climate because warm,

Cad. Satde Pablica, Rio de Janeiro, 25{4):1203-1214, jun, 2009
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Figure &

Mean number of Aedes aegypt! and Aedes albopictus larvae retrieved In ovitraps In the outskirts of and Inside the forest area
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dry climates favor Ae. aegypti and reduce the im-
pact of competition from Ae. albopictus through
differential mortality of Ae. albopictus eggs 26,
The usual > 1 ratio of Ae. albopictus to Ae. ae-
gypti larvae was inverted during the dry season
of 2002, when Ae. albopictus eggs and larvae suf-
fered a decrease in specimen numbers. However,
Ae. aegypti densities did not increase in collect-
ing sites where Ae. albopictus densities remained
constant, and this could be a factor related to the
distance to the urban area. During the 2003 wet

Cad. Salde Piblica, Rio de Janaira, 25(8):1203-1214, Jun, 2009

season, when the percentage of positive ovitraps
was high, there was a 50% mean decrease in the
expected densities of Ae. aggypti, as estimated by
the flight range equation. This expected density
decrease was most marked in densely vegetated
areas, where Ae. albopictus was most prevalent.
Due to the low proportion of larvae of Ae.
aegypti that occurred in natural habitats com-
pared to artificial containers 28, we were able to
estimate the number of Ae. aegypti larvae in the
FIOCRUZ campus as a function of the distance
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to the urbanized area. The exponential model
for Ae. aegypti larvae distribution indicates that
occurrence of immature forms would be com-
mon in the neighboring areas, near the preferred
habitat, but would decrease markedly as the dis-
tance increased. This distribution pattern, as well
as the increased densities of Ae. albopictus larvae
in the vegetated area, would favor the co-occur-
rence of larvae of both species.

We have reported seasonal and spatial varia-
tions in distribution patterns between Ae. aggypti
and Ae. albopictus within a habitat transition
zone. Theseresults suggest that Ae. aegypiiand Ae.
albopictus are differentially distributed over hab-

Resumo

Dengue tornou-se a mais importante doenca viral
transmitida por vetores no Brasil. O transporte huma-
nao de ovos resistentes a dessecacdo permitiu que seus
dois mais importantes vetores, Aedes aegypti e Ae. al-
bopictus, se tornassem cosmopolitas. Neste artigo, nds
avaliamos a variacido sazonal e espacial da abunddn-
cia de larvas de Ae. aegypti e Ae. albopictus por meio
de uma pequena escala espacial de zona de transicio
entre uma drea urbana e uma drea florestal do Rio de
Janeiro, Brasil. Foram instaladas quarenta ovitrampas
em cada drea dos dez locais caracterizados por dife-
rente densidade populacional humana e cobertura
vegetal. Ovos e larvas foram coletados durante trés se-
manas na verdo e inverno de 2002 e 2003. Ae. albopic-
tus foi predominantemente encontrado nas dreas com
maior cobertura vegetal enquanto que nas dreas ur-
banizadas (comunidades), Ae. aegypti foi mais abun-
dante. Ambas as espécies apresentaram pico durante a
estagio chuvosa. Esse padrio de distribuigdo das for-
mas imaturas pode refletir no raio de véo do adulto,
favorecer a co-ocorréncia de larvas dessas espécies nes-
sa pequena escala espacial da zona de transicdo entre
as dreas urbana e de floresta.

Aedes; Dengue; Andlise Espacial

Ae. aegypti AND Ae. albopictus SPATIAL DISTRIBUTION FATTERN

itats and that their numbers may decrease expo-
nentially in relation to the distance traveled 16.18,
This means that a high rate of both species would
be present in a small scale transition zones and
inter-specific competition could play a role in
these urban/urban-forested transition zones, es-
pecially when the number of available breeding
sites becomes scarce. Longitudinal studies with
more frequent sampling may uncover regular
seasonal waves of species invasion and retreat
in these areas. Further characterization of transi-
tion zones may provide a better insight into the
interplay of population dynamics of dengue vec-
tors in small-scale habitats.
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Abstract

Background: Aedes aegyptiis the main vector of the virus causing Dengue fever, a disease that has increased dramatically in
importance in recent decades, affecting many tropical and sub-tropical areas of the globe. Itis known thatviruses and other
parasites can potentially alter vector behavior. We investigated whether infection with Dengue virus modifies the behavior
of Aedes aegypti females with respect to their activity level.

Methods/Principal Findings: We carried out intrathoracic Dengue 2 virus (DENV-2) infections in Aedes aegypti females and
recorded their locomotor activity behavior. We observed an increase of up to ~50% in the activity of infected mosquitoes
compared to the uninfected controls.

Conclusions: Dengue infection alters mosquito locomotor activity behavior. We speculate that the higher levels of activity
observed in infected Aedes aegypti females might involve the circadian clock. Further studies are needed to assess whether
this behavioral change could have implications for the dynamics of Dengue virus transmission.
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intrathoracically inoculated with 0.21 pl of only L-15 (Leibovitz)
Medium.

To verify the success of the experimental infections, the heads of

a number of mosquitoes that were inoculated with virus and that
were alive by the end of the locomotor activity experiments
(around 8-10 days after inoculation], plus negative controls, were
tested for Denp_;ue infection via R'T-PCR., as described below. The
results indicated that over 95% (70/73) of the mosquitoes
inoculated with the Dengue virus were infected (data not shown).

Detection of Dengue virus in mosquitoes

Mosquito heads were separated from bodies on a metal plate
placed on dry ice and wviral RNA was extracted from each head
using the QIAmp Viral Mini Kit (Qiagen) according to the
manufacturer’s protocol. RT-PCR for detecting DENV2 was
conducted in a PCR System 9700 GeneAmp (Applied Bicsystems)
using SuperScript™ One-Step RT-PCR with Platinum® Tag
(Invitrogen) and Dengue virus consensus primers D1 and D2 [18],
followed by a semi-nested PCR on the resulting product using GGo
Taq Green Master Mix (Promega) and primers D1 and 152 [18].
PCR products were electrophoresed on 2.5% agarose gels. A band
of 119 pb corresponding to DENV-2 could be seen under UV
light in the infected mosquitoes.

Analysis of the locomotor activity behavior

The activity of infected and uninfected contral Ae. aggypti females
was recorded using a larger version of the Drosophila Activity
Monitor (TriKinetics) as described in [19]. After inoculation with
Denp_;ue virus or L-15 medium, females were individually p'l.amd in
glass tubes (1 em ®7 cm) with a cotton plug soaked in 15% sucrose
solution and these tubes placed in the Activity Monitor inside a
Precision Scientific Incubator Model 818 under a constant
temperature of 25°C and a photoperiod of 12 hours of light and
12 hours of dark (LI} 12:12). For each mosquito, the total
locomotor activity of 1 hour-intervals was recorded for about
seven days after inoculation. The data of indwiduals that died
during the experiments were excluded, and the data analysis was
carried out comparing the activity data of infected and uninfected
mosquitoes from the second to sixth day after inoculation.

Dengue and Mosquito Activity

Results

Table 1 shows the mean hourly locomotor activiry of control
and Dengue virus infected females in four different experiments.
We observed that infected females of Ade. aegypti showed more
activity than controls in all experiments. The relative increase in
activity ranged from ~10% to more than 30%. A two-way
ANOWVA indicated a significant difference in the activity between
infected and uninfected control females (p<<0.01). Although a
significant difference in the overall activity levels was also observed
between experiments (p<<0.01), the interaction between experi-
ments and infection was not significant (p =0.82) indicating that
the difference between infected and uninfected females was
consistent.

Figure 1 shows the normalized locomotor activity patterns of
infected and control females during a full LI 12:12 eyele (Fig. 1A)
or during the photophase (Fig. 1B). As previously reported in the
literature (reviewed in [20]), de. agypti is a divrnal species showing
higher activity levels towards the end of the photophase (“late
afternoon”) and a characteristic startle response to the abrupt
light-on/light-off transition [21]. The comparison of the normal-
ized locomotor activity patterns of infected and uninfected females
shows that Dengue infection causes an increase in activiry
throughout the 24 hour period. Although this effect is most
dramartic during the light-on/light-off transiion (Fig. 1A), an
increase in activity i also seen throughout the day and night in
infected females, especially during the “natural” activity peak
occurring around Z'T 9 and in the last hours of the photophase
(Fig. 1B). In fact, this increase in activity associated with Dengue
infection s still significant (p =0.012) even when we exdude the
light-on/light-off transiion (Table 1). In summary, our results
indicate that the locomotor actvity of infected females is
consistently increased when compared to that of uninfected
females.

Discussion

Very little is known about the effects of viral infecdon on Aedes
mosquitoes. Several authors have shown that Dengue virus exhibits

@, PLOS ONE | www.plosone.org

Table 1. Activity increase in Dengue infected Aedes aegypti females.
Relative increase of activity in
Experiment Status N Mean activity per hour* (= SEM) infected mosquitoes (%)
1 Contral 17 506x1.16 526 (48.0)
(4.73+1.15)
Infected 23 FT2127
(7.00=1.26)
2 Control 53 11.22+1.45 30.8 (30.5)
(1052+1.49)
Infected 74 1468150
(13.73%1.49)
3 Control 45 9.B4+1.19 432 (45.3)
(8.97+1.15)
Infected 66 14.09=1.24 (13.03+1.23)
(12.03£1.23)
4 Control 70 11.88+1.01 133 (10.3)
(10.95+1.00)
Infectad B3 13.46=1.13
(12.39%1.06)
*The numbers in parenthesis refer to the activity excluding the light-on/light-off transition.
doi:10.1371fjoumal pone001 76901001
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Dengue and Mosquito Activity
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Figure 1. Locomotor activity of control (blue line) and infected (red line) de. aegyptifemales under LD 12:12. Lines represent the hourly
mean activity (+/— SEM) of control and infected females in the four experiments, nomalized to the peak of activity of each respective control. The
grey shadow represents the dark phase. ZT is the Zeitgeber Time. Light turns on at ZT 0 and turns off at ZT 12. Panel (A) shows a full LD cycle while

panel (B) shows only the photophase.
doi0.1371journal pone 00 17690.9001

a remarkable tropism for the mosquito nervous tissues. Linthicum et
al [22] studied the tropism of DENV-3 in parenterally infected
female Aedes aegypti mosquitoes using immunocytochemical methods
and observed that the nervous tissues were among the first tissues to
be infected. In fact, these authors suggested that the nervous system
is the primary site of virus amplification in mosquitoes infected using
this method [22]. Several years later, Salazar et al [23] corroborated
these findings by showing that in mosquitoes orally infecred with
DENV-2, the nervous tissues are among the first to be infecred,
presenting detectable levels of viral antigens 3 days after an infective
blood meal. Interestingly, these authors also showed that heads and
salivary glands were the only tissues where viral antigens continued
to accunmlate throughout the 21 days observed in their study. All
other mosquito infected tissues presented a decrease in the infection
rate.

. PLoS ONE | www.plosone.org

This remarkable tropism of Dengue virus for the insect nervous
tissues led us o hypothesize that the infection might have some
role in modulating the vector locomotor activity behavior, since it
is known thar activity rhythms in Dvesepfials and other Diptera are
regulated by creadian clock neurons in the brain (reviewed in
[24],]25]). In fact, our results show that although the daily activity
patterns of DENV-2 infected and uninfected mosquitoes are
similar, the total level of activiry is clearly increased upon infection.
This increase is most evident in the light-on/light-off transition
(Fig. 1A}, an observation that is particularly interesting considering
that the visual system is also highly infected [22],]23]. However, it
is important to menton that this effect s also clearly detected in
the “natural” activity peak occurring during the last hours of the
photophase (Fig. 1B), which is under drcadian contol [20],[21],
indicating that a similar effect is likely to occur in nature.
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Other authors have already observed alterarions in  Aedes
behavior induced by virus infection. Grimstad et al [26] studied
the feeding behavior of Ade. triseniatus females infected with La
Crosse virus and reported that infected mosquitoes tend to probe
more and engorge less than uninfected females. These results are
in accordance with those obtained by Platt et al [27], who showed
that the time required for feeding by DENV-3 infected mosquitoes
was significantly longer than that required by uninfected
moscuitoes. In contrast, Pumam and Scorr [28] observed thar
DENV-2 infection did not alter Ae. agypii female blood-feeding
duration and efficiency in an uninfected host. An explanation for
this difference might be that these authors infected mosquitoes
with different Dengue virus (3 and 2, respectively) and that
Pumam and Scott [28] fed mosquitoes 14 days afier an
intrathoracic infection while Plart et al [27] only observed
significant differences in mosquitoes fed 5, 8 and 11 days after
ection. In our study, we observed locomotor activity differences
in DENW-2 infected mosquitoes 2 to 6 days after intrathoracic
infection.

A considerable amount of information is currently available on
the Aedes aggypti immune response to Dengue virus infection [29]—
|31]. Several authors have shown an association between circadian
rhythms and infection/immunity in insects (e.g. [32]-[34]). For
example, Shirasu-Hiza et al [32] showed that Drosophila infected
with bacterium exhibit disrupted circadian activity rhythms and
that clock gene mutants are more susceptible to infection than
wild-type flies. Also, Lee and Edery [33] showed that Drosophila’s
ability to fight infections is under crcadian control and that flies
are significantly more resistant to bacterium when infected in the
middle of the night than during the day.
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It has been shown that several genes from Adedes asgypti are up or
down-regulated upon Dengue virus infection, and in DENV-2
infected mosquitoes at least one orthologue (AAELD12562) of a
Drasopfiila gene involved in the control of circadian rhythms, Clack,
has its expression nearly doubled after infection [29]. We believe
this variation in a gene probably central to the control of mosquito
circadian rhythms could also contribute to the observed changes in
activity behavior and we are currently investigating whether
Dengue virus infection alters the circadian expression patterns of
other clock genes [21].

We are aware that our study suffers from possible caveats. For
example, we see a large variation in behavioral effects of Dengue
infection berween experiments that we cannot explain at the
moment. Nevertheless, our study shows that Dengue infection
increases mosquito locomotor activity. Ghanges in vector behavior
caused by infection can have potential epidemiological implica-
tions. Our results encourage further studies to assess whether
increased locomotor activity could have an impact on virus
transmission dynamics and Dengue epidemiology.
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Potential impact of a presumed increase in the biting activity
of dengue-virus-infected Aedes aegypti (Diptera: Culicidae)
females on virus transmission dynamics
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Recently, we showed that infection with dengue virus increases the locomotor activity of Aedes aegypti females.
We speculate that the observed increased locomotor activity could potentially increase the chances of finding a suit-
able host and, as a consequence, the relative biting rate of infected mosquitoes. We used a mathematical model to
investigate the impact of the increased locomotor activity by assuming that this activity translated inte an increased
biting rate for infected mosquitoes. The results show that the increased biting rate resulted in dengue outbreaks with
greater numbers of primary and secondary infections and with more severe biennial epidemics.

Key words: Aedes aegypii - locomotor activity - dengue transmission

Dengue fever 1s one of the most important mos-
quito-borne viral diseases 1n the world and 15 endemic
in approximately 112 countries. It has been estimated
that almost 100 million cases of dengue fever and half
a million cases of dengue haemorrhagic fever occur
worldwide (Gurugama et al. 2010). The main dengue
vector, dedes aegypti (Diptera: Culicidae), 15 a widely
distributed species, occurring in many countries in the
world. This mosquito 1s dmurnal, very anthropophilic,
endophilic and highly abundant in the urban districts
and slums of many countries (Braks et al. 2003, Lima-
Camara et al. 2006).

The behaviour of insect vectors can be affected by
infection with viruses and other parasites (e g, Grimstad
et al. 1980, Rowland & Lindsay 1986) and by symbionts
(e.g.. Evans et al. 2009, Moreira et al. 2009). There is
evidence that the dengue virus can alter the behaviour of
Ae aegypti. For example, dengue-infected mosquitoes
have been shown to take longer to feed than uninfected
mosquitoes (Platt et al. 1997).

Recently, we reported that de. aegypti females that
were experimentally infected with dengue virus showed
an mncrease of up to ~50% 1n their locomotor activity com-
pared to ummnfected controls (Lima-Camara et al 2011).
Although 1t 15 yet unknown whether this behavioural
change has any effect on the biting activity in the wild,
we speculate that the higher levels of locomotor activity
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observed 1n dengue-virus-infected de. aegypfi females
could potentially increase their chance of finding a sust-
able host and. as a consequence. their relative biting rate.

In the current study. we used a simplified version of
a previously developed model (Luz et al. 2009, 2011) to
examine the potential impact of this increased activity
level of dengue-virus-infected mosquitoes on dengue
transmission dynamics. A complete description of this
model 15 beyond the scope of this short communication
and can be found in the above-mentioned references.
Briefly. the model describes the vector-human transmis-
sion cycle of dengue by incorporating both mosquito and
human dynamics (Fig. 1). The model’s system of differ-
ential equations and the parameters are detailed in the
Supplementary data.

For the mosquito population dynamics, six compart-
ments are defined. The first three mosquito life stages,
egg, larva and pupa are denoted by E, L and P, respec-
tively. The adult life stage 1s composed of two compart-
ments: young mosquitoes (¥) (1-5 days of age. which do
not vet lay eggs) and old mosquitoes (= 5 days of age,
which lay eggs). To simulate dengue transmission, the
old adult life stage 15 further subdivided into uninfected
adults (0) and dengue-virus-infected adults (0.

The transition rates between life stages are given
by 1 (where 7 1s the current life stage and j 1s the next
life stage). Seasonality 1s built mto the transition rates
between model compartments. Weather data from Rio
de Janeiro were used to parameterise the temporal pat-
tern of the transition rates, which were mathematically
defined as sinusoidal functions (Luz et al. 2009). The
transition rate from egg to larva (f_) follows the pattern
for precipitation because eggs hatch in response to water.
The transition rates from larva to pupa (f,,) and pupa to
young adult (IPm) are functions of temperature because
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temperature accelerates de. aegypiti’s development rate
(Scott et al. 2000b). The transition rate from young adult
to old adult (¢;,) is assumed to be constant.

The death rate of each mosquito compartment (d;
(where i = E, L, P, ¥, O, O)) 1s the background -
ity from natural sources. Field studies have shown that
the larval development of de. aegypti 1s density depen-
dent (Southwood et al. 1972, Barrera et al. 2006) and this
dependence 1s built into the function of the background
death rate of the larvae (d;). Recently, cohort studies of
mosquito populations showed that adult death 15 age de-
pendent (Styer et al. 2007a). Thus, for the adult life stage,

: the death rates varv b b:! AZP ATOUR.. Iihe ra.Ir.ﬂandur:lmn

tibility of humans to secondary infection (7). Thus, i,

= [eo(8,0)1H. The majority of humans with I, re-
cover at rate y into a resistant compartment (&) Those
presenting with dengue haemorrhagic fever die with
probability v, (which is greater than v, because second-
ary infections are more severe) (Gubler 1998, Guzman
& Kour1 2002). Smmilar to previous analyses (Bartley et
al. 2002), we modelled humans as only being susceptible
to two dengue infections. Despite this simplification, we
incorporated the force of infection for all four serotypes
by defining full susceptibility to primary infection and
75% suscepnbﬂlty to semndary infection resulting from
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to uninfected mosquitoes. Based on our previous experi-
mental findings (Lima-Camara et al. 2011), we explored
different degrees of the relative increase in the biting rate
of dengue-infected mosquitoes ranging from no increase
to a 50% increase in increments of 10%. When no differ-
ence was assumed between the biting rates of uninfected
and infected mosquitoes (baseline assumption. black),
the model predicted annual dengue epidemics of a rela-
tively constant size (1e.. with a relatively constant num-
ber of primary and secondary infections per year for 10
vears). Overall, when assuming that the biting rate was
increased, an increase in the number of infections was
observed. For example. when assuming a 50% increase
1n the biting rate of dengue-infected mosquitoes, the per-
cent mcreases in the number of primary and secondary
infections were 3.8% and 6.5%, respectively. for the 10-
vear pertod shown i Fig. 2. In addition. the impact of the
increased biting rate of infected mosquitoes on the trans-
mussion dynamics of dengue was profound, causing more
severe bienmal epidemics (colours in Fig. 2).

Transmission dynamics models aim to represent, us-
ing mathematical equations, the essential components of
biological processes and how these components relate to
each other. The simplest model, the SIR model, repre-
sents the dynamics of a directly transmitted disease by
dividing up the host population on the basis of whether
they are susceptible, infectious or recovered/immune.
The most important parameter of the SIR model 1s the
rate at which susceptible hosts become infected, usually
called the force of infection or the instantaneous inci-
dence rate of infection. For vector-borne diseases such
as dengue, this rate depends on parameters such as vec-
tor density, vector survival, the extrinsic incubation pe-
riod of the virus and the biting rate (Nishiura 2006). In
our model, these parameters are incorporated into the
forces of infection acting on humans and mosquitoes.
Uninfected mosquitoes acquire the infection at a rate
given by the force of infection (1,) (Fig. 1). 1, 1s a func-
tion of the biting rate (¢) which 1s the average number of
bites per mosquito per day. Sumilarly, acting on suscep-
tible humans are the forces of primary and secondary
infection (4, and 1) which also depend on the biting rate
of the mosquitoes (Fig. 1). In fact, the biting rate 1s the
only parameter entering the formula of all three forces
of infection and 1s thus expected to greatly impact the
transmission dynamics.

In our analysis. we found that the increased biting
rate modified the dengue transmission dynamics simu-
lated by the model The absolute number of infections
was greater, and most strikingly, the annual pattern of
epidemics changed. with more severe biennial epidem-
ics being observed. This pattern of biennial epidemics
more closely resembles the observed multi-annual cycle
of dengue epidemics in endemic countries. including
the pattern observed in Brazil (Nogueira et al 2007,
Nogueira & Eppinghaus 2011). In agreement. other stud-
1es have shown the importance of the parameters related
to the vector-host interaction, including the biting rate,
1in determining the seasonal and multi-annual cycle of
dengue (Hay et al. 2000, Bartley et al. 2002). A meore
severe biennial epidemic implies that the virus, during

the epidemic, is circulating among a greater proportion
of the population, thus causing the number of secondary
infections to increase. Indeed, the relative increase in the
number of secondary infections was always greater than
the relative increase 1n the number of primary infections.
This finding is of clinical relevance because secondary
infections have a greater likelihood of resulting in den-
gue haemorrhagic fever (Guzman & Kouri 2002).
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