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Está unido por uma lei de permanência e, embora sempre a morrer, renasce a 

cada instante. A dissolução apenas dá origem a novos modos de organização; 

uma morte gera mil vidas. Cada hora, ao chegar é apenas um testemunho de 

quão passageiro e, no entanto, quão seguro e quão certo é o grande todo. É 

como uma imagem nas águas, sempre a mesma, embora as águas fluam 

constantemente. O sol entra no ocaso para tornar a despontar; os dias são 

engolidos pela escuridão da noite para dela nascerem tão novos como se 

nunca tivessem findado. A Primavera transforma-se no Verão, e, pelo Verão e 

pelo Outono, é transformada em Inverno, ainda mais confiante pelo seu 

regresso último, para triunfar daquela sepultura para a qual resolutamente se 

apressou desde a sua primeira hora. Lamentamos as flores de Maio porque se 

destinam a murchar; mas sabemos que Maio um dia obterá a sua vitória sobre 

Novembro pela revolução daquele círculo solene que nunca se detém,que nos 

ensina no cume da nossa esperança a ser sempre sóbrios e no mais profundo 

da desolação a nunca desesperar.” 
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Introdução: Dengue pertence ao gênero Flavivirus e é a infecção por arbovírus 

mais comum no mundo todo. Pode ser causada por quatro sorotipos 

antigenicamente distintos (DENV 1-4). Estes sorotipos são transmitidos pela 

picada do mosquito Aedes aegypti. O vetor está amplamente associado a 

atividade humana e a influencia do espaço urbano favorece a interação entre o 

vetor, o vírus e o homem, tornando áreas populosas, grandes centros de 

dispersão do dengue. Neste estudo, foi realizada um estudo molecular, 

espacial e temporal da transmissão de DENV através de amostras positivas de 

sangue e de mosquitos infectados capturados em São José do Rio Preto/SP, 

num período de quatro anos. Materiais e métodos: Soro de pacientes 

apresentando sintomas de dengue e pools de mosquitos tiveram seu RNA viral 

extraído e foram testados por Multiplex-RT-PCR, com primers genéricos de 

Flavivirus baseados na proteína não estrutural 5 (NS5) numa primeiro ciclo, 

seguida por ensaios Nested com primers específicos para DENV, para o vírus 

da febre amarela, para o vírus da encefalite de Saint Louis, entre outros. As 

amostras positivas foram analisadas espacial e filogeneticamente. Resultados 

e discussão: Analisamos 613 amostras de soro durante 4 anos: 199 em 2006; 

94 em 2007; 313 em 2008 e 10 em 2009. A positividade foi alta em 2006 e 

2007, com 106 e 51 pacientes infectados, respectivamente. O principal sorotipo 

circulante durante as epidemias de 2006-2007 foi DENV-3 e poucos casos de 

DENV-2, o que pode ser a indicação de sua recente introdução no município. 

Nós também descrevemos a primeira epidemia de SLEV no Brasil em 2006. 

Dentre os pacientes com DENV em 2008, apenas sete estavam infectados com 

DENV-3 e 90 com DENV-2, sugerindo a reemergência do sorotipo. Nós 
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detectamos a circulação de DENV-1 em dois pacientes em 2009 e em quatro 

pacientes em 2009. Aproximadamente 1200 mosquitos foram capturados entre 

Dezembro 2007 e Março de 2008. Capturamos 814 mosquitos Aedes aegypti, 

que foram divididos em 463 pools. Apenas 3,67% deles foram positivos para 

DENV-2 e DENV-3. Pools contendo apenas machos foram positivos para 

DENV, indicando a presença de transmissão transovariana. Nós obtivemos 

sequências de 82 pacientes dentre 174 amostras de sangue. Nós fomos 

capazes de geocodificar 46 sequências. O alinhamento gerou gerou 

nucleotídeos com 399 bp com 134 taxa. A análise filogenética indicou que 

todas as amostras foram de DENV-3 e estavam relacionadas às cepas 

circulantes na ilha da Martinica em 2000-2001. Sessenta pacientes com DENV-

3 de São José do Rio Preto formaram um grupo monofilético (linhagem 1), 

intimamente relacionado com os outros 22 isolados (linhagem 2). Nós 

assumimos que estas linhagens apareceram antes de 2006 em ocasiões 

diferentes. A possibilidade de inferir a dinâmica espaço-temporal através de 

dados genéticos é relativamente pouco explorada e pode esclarecer a 

circulação de DENV. O uso de dados filogenéticos estruturados 

geograficamente e temporalmente forneceu uma visão detalhada na dispersão 

de, pelo menos, duas cepas virais distintas numa área urbana.  

 

Palavras-chave: 1. Dengue; 2. Flavivirus; 3. Aedes aegypti; 4. Análise 

Espacial; 5. Análise Filogenética; 6. RT-PCR; 7. Epidemiologia molecular; 8. 

Transmissão vertical; 9. Encefalite de Saint Louis. 
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Introduction: Dengue belongs to the Flavivirus genus and is the most common 

arboviral infection worldwide. It can be caused by four antigenically different 

serotypes (DENV 1-4). These serotypes are transmitted mainly by the bite of 

Aedes aegypti mosquitoes. The vector is widely associated with human activity 

and the influence of organized social space favors the interaction among vector, 

virus and man, making populated areas sources of dengue dispersion. In this 

study, we performed a molecular, spatial and temporal study of DENV 

transmission through positive samples of blood and infected mosquitoes 

captured in São José do Rio Preto/SP in a period of four years. Material and 

Methods: Serum samples of patients presenting dengue like symptoms and 

pools of mosquitoes had their viral RNA extracted and were tested by Multiplex-

RT-PCR with Flavivirus generic primers based on non-structural protein (NS5) 

in the first round, followed by Nested assays with species-specific primers for 

the identification of DENV 1-3, yellow fever virus, Saint Louis encephalitis virus 

(SLEV) among others. Positive samples were analyzed spatially and 

phylogenetically.  Results and Discussion: We analyzed 613 blood samples 

for four years: 199 in 2006, 94 in 2007, 313 in 2008 and 10 in 2009. The 

positivity was high in 2006 and 2007, with 106 and 51 infected patients, 

respectively. The major dengue serotype circulating during the 2006 and 2007 

epidemics was DENV-3 and few cases of DENV-2, which is an indication of its 

recent introduction in the municipality. We also reported the first outbreak of 

SLEV in Brazil in 2006. Among DENV patients in 2008, only seven were 

infected by DENV-3 and 90 were infected by DENV-2, suggesting the 

reemergence of this serotype. We detected the circulation of DENV-1 in two 
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patients in 2008 and in four patients in 2009. Nearly 1200 mosquitoes were 

captured from December 2007 to March 2008. We have captured 814 Aedes 

aegypti mosquitoes, which were divided in 463 pools. Only 3.67% of them were 

positive for DENV-3 and DENV-2. Pools containing only male mosquitoes were 

positive for DENV, indicating the presence of transovarial transmission. We 

obtained sequences from 82 patients among 174 blood samples. We were able 

to geo-code 46 sequences. The alignment generated a 399-nucleotide long 

dataset with 134 taxa. The phylogenetic analysis indicated that all samples 

were of DENV-3 and related to strains circulating on the isle of Martinique in 

2000–2001. Sixty DENV-3 from São José do Rio Preto formed a monophyletic 

group (lineage 1), closely related to the remaining 22 isolates (lineage 2). We 

assumed that these lineages appeared before 2006 in different occasions. The 

possibility of inferring the spatio-temporal dynamics from genetic data has been 

generally little explored, and it may shed light on DENV circulation. The use of 

both geographic and temporally structured phylogenetic data provided a 

detailed view on the spread of at least two dengue viral strains in a populated 

urban area.  

 

Key-words: 1. Dengue; 2. Flavivirus; 3. Aedes aegypti; 4. Spatial Analysis; 5. 

Phylogenetic Analysis; 6. RT-PCR; 7. Molecular Epidemiology; 8. Transovarial 

Transmission; 9. Saint Louis Encephalitis. 
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1. INTRODUÇÃO 
 

1.1. Descrição geral 

Os arbovírus são, com algumas exceções, zoonoses que dependem de 

espécies animais para sua manutenção na natureza. O homem é geralmente 

um hospedeiro acidental que não contribui para o ciclo de transmissão por não 

infectar artrópodes ou não desenvolver viremia para a maioria desses vírus. 

Em termos de saúde pública, os arbovírus mais importantes são aqueles que 

causam viremia em humanos, sendo geralmente transmitidos por mosquitos1.  

As aves e os roedores configuram-se como os reservatórios mais 

comuns dos arbovírus, ao passo que os mosquitos e carrapatos são 

considerados os mais importantes vetores destes vírus. Os arbovírus são 

taxonomicamente diversos, pertencendo a oito famílias virais e 14 gêneros. 

Merecem atenção, em termos de saúde pública, três famílias: Flaviviridae 

(gênero Flavivirus); Togaviridae (gênero Alphavirus) e Bunyaviridae (gênero 

Orthobunyavirus)1. Dengue (DENV), Febre Amarela (YFV), Encefalite de Saint 

Louis (SLEV), Rocio (ROCV), Mayaro (MAYV) e Oropouche (OROV) são 

responsáveis por mais de 95% dos casos humanos de infecção por arbovírus e 

podem produzir surtos epidêmicos esporádicos ou endemias2,3,4,5. As infecções 

por arbovírus estão comumente relacionadas a três diferentes síndromes: 

doença febril aguda, febre hemorrágica e encefalite5. 

Dentre os arbovírus, entretanto, dengue é o único vírus que se encontra 

completamente adaptado aos seres humanos e disseminado em centros 
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urbanos de regiões tropicais e subtropicais, num ciclo mosquito-homem-

mosquito, sem a necessidade de reservatório animal6.  

Dengue pertence ao gênero Flavivirus, que é responsável por uma 

ampla gama de patógenos causadores de doenças severas em humanos e 

animais7 e representa um grave problema de saúde publica mundial. O gênero 

Flavivirus contém 53 vírus, subdivididos de acordo com sua filogenia e com seu 

complexo antigênico 8,9. Como outros membros do gênero, DENV tem 

aproximadamente 500 Å de diâmetro, possui RNA de fita simples e polaridade 

positiva e seu genoma possui aproximadamente 10700 nucleotídeos, 

protegidos por um nucleocapsídeo e coberto com um envelope lipídico com 

glicoproteínas virais. O RNA genômico contém uma única open reading frame 

(ORF) circundada por duas regiões não traduzíveis (UTRs 3’ e 5’). A única 

ORF codifica uma poliproteína precursora, que é clivada em três proteínas 

estruturais (C, prM e E) e sete proteínas não estruturais (NS1, NS2a, NS2b, 

NS3, NS4a, NS4b, NS5)10. De uma forma geral, entra nas células hospedeiras 

através de endocitose mediada por receptores de classe distinta de proteínas 

de fusão11.  

Dengue é causada por quatro sorotipos distintos (DENV-1; DENV-2; 

DENV-3 e DENV-4) e cada sorotipo possui genótipos filogeneticamente 

distintos12. A infecção por um sorotipo confere imunidade apenas ao tipo 

infectante e imunidade parcial ou transiente aos demais13. A infecção por 

dengue pode ser assintomática, pode causar febre indiferenciada, dengue 

clássica (DF) ou evoluir para quadros mais sérios como a febre hemorrágica do 

dengue (DHF) ou síndrome do choque do dengue (DSS)14. DF é doença febril 
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aguda e é caracterizada por dores de cabeça, rash cutâneo, dor retrorbital, 

leucopenia, trombocitopenia e linfadenopatia. DHF é caracterizada por febre 

alta, manifestações hemorrágicas e sinais de falha na circulação sanguínea. 

Pacientes apresentando tal quadro podem evoluir para choque hipovolêmico, 

característico da DSS, e à morte14. 

Mais de 2,5 bilhões de pessoas estão em risco de contrair DENV13 e a 

doença encontra-se em franca expansão. É o vírus transmitido por artrópodes 

com maior importância em saúde pública, pois se estima que cerca de 50 

milhões de pessoas sejam infectadas anualmente em mais de 50 paises13, 

gerando gastos de milhões de dólares14 (WHO, 1997). O Brasil foi responsável 

por aproximadamente 81% dos casos de dengue notificados nas Américas do 

Sul e Central e Ilhas Caribenhas e pouco mais de 60% dos casos mundiais. Até 

a 35ª semana epidemiológica de 2008, 734.384 casos de DF foram notificados, 

com 9.957 casos de DHF15. No mesmo período, o estado de São Paulo foi 

responsável por 7.131 casos e a cidade de São José do Rio Preto apresentou 

244 casos de dengue16. Entretanto, a cidade é endêmica para a doença e 

alterna períodos com incidências maiores e menores17. No mesmo período de 

2007, a cidade apresentava 9244 casos, sendo responsável por mais de 10% 

dos casos ocorridos no Estado de São Paulo.  

No Brasil, a introdução dos sorotipos DENV-1 e DENV-2 ocorreu em 

1986 e 199018. Os primeiros casos de DENV-3 ocorreram no verão de 

2000/2001 na cidade do Rio de Janeiro19. São José do Rio Preto apresentou 

apenas casos alóctones entre 1985 e 1989. Os primeiros casos autóctones 

ocorreram em 199020 quando houve a introdução do vírus DENV-1. Os 
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sorotipos DENV-2 e DENV-3 foram introduzidos em 1998 (Instituto Adolfo Lutz 

– dados não publicados) e 200521, respectivamente.  

As razões para o declínio e a reemergência de epidemias de dengue 

não são inteiramente conhecidas, mas estão relacionadas com mudanças 

ambientais e sociais e com a heterogeneidade da doença no tempo e espaço, 

o que reflete a complexidade dos fatores de risco relacionados à sua 

transmissão. O crescimento e as migrações populacionais, infra-estrutura 

urbana deficiente e o consumismo exacerbado, que gera condições favoráveis 

para a transmissão do dengue, estão entre os fatores preponderantes para a 

manutenção da doença em centros urbanos14. Além disto, a biologia do vetor, o 

intercâmbio de sorotipos, a imunidade da população e características 

comportamentais e socioeconômicas possuem um papel importante na 

manutenção do dengue 22, 23. 

O mosquito Aedes aegypti é o principal vetor de dengue no Brasil. Trata-

se de uma espécie antropofílica, altamente adaptada a ambientes urbanos24. O 

número de municípios brasileiros infestados por mosquitos do gênero Aedes 

tem crescido nos últimos anos e, atualmente, o vetor do dengue pode ser 

encontrado em todos os estados do país25. São José do Rio Preto encontra-se 

infestado pelo Aedes aegypti desde 1985 (Sucen: dados não publicados) 

O estudo da biologia, ecologia e controle do vetor têm um papel 

fundamental na dinâmica das incidências: polimorfismos podem gerar 

diferentes suscetibilidades ao vírus,26,27,28,29 a transmissão transovariana, 

apesar de não se conhecer seu papel na transmissão humana de dengue30,31, 

pode ser um fator preponderante no estabelecimento da endemicidade após 



Introdução 6 

 

intensa atividade viral e aumento dos níveis de imunidade na população. Os 

métodos de amostragem e de abundância do vetor são tradicionalmente 

baseados em pesquisa larvária através do cálculo dos índices de Breteau, 

Predial e de Recipientes. No entanto, apesar de terem uma vantagem 

operacional e facilitar a determinação da ecologia local do vetor e medir o 

impacto das medidas de controle, não estimam a abundância e o risco de 

transmissão do dengue32. O uso de armadilhas para a captura de mosquitos 

adultos que possam dar uma estimativa rápida e realista dos parâmetros 

biológicos do vetor, tais como sua densidade e sobrevivência e configuram-se 

como um importante instrumento para o controle do dengue33. 

O monitoramento da circulação viral configura-se como uma importante 

ferramenta na vigilância epidemiológica da doença, uma vez que quando se 

identificam as características de diferentes sorotipos, pode determinar-se a 

magnitude e a severidade de uma epidemia34. Com a análise molecular pode-

se também detectar a circulação de outros vírus em meio a epidemias2,3 e 

desencadear medidas de prevenção e controle diferenciadas para cada vírus. 

O estudo do comportamento da doença também é de fundamental importância 

para o entendimento dos mecanismos envolvidos na transmissão e para o 

estabelecimento de medidas preventivas para evitar a dispersão do vírus e 

evitar perdas econômicas35.  

A densidade da população é um fator fundamental para definir o padrão 

de transmissão pois, em cidades médias e grandes, a probabilidade de ocorrer 

a transmissão de dengue é maior, devido a infestação pelo vetor. Além disso, o 
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controle da doença em grandes centros é difícil devido à limitação de recursos, 

à grande extensão e à heterogeneidade do espaço urbano36. 

Dentro desta perspectiva, o uso de ferramentas de análise espacial é um 

importante instrumento na gestão em saúde. Associando-se dados espaciais, a 

dados ecológicos, virológicos, sorológicos e epidemiológicos é possível 

analisar quais variáveis possuem um papel fundamental na transmissão de 

doenças36,37,38. 

As técnicas de geoprocessamento representam um avanço significativo 

para profissionais de saúde, pois auxiliam nos estudos de incidência e 

prevalência da doença, por simular parâmetros ambientais39. Tratam o 

município como composto de varias realidades, merecendo abordagens 

distintas40. Num estudo realizado em São José do Rio Preto, a distribuição das 

incidências de dengue dentro de um município não foi uniforme17,41,42, 

mostrando a clara importância de se analisar os padrões de distribuição viral e 

a transmissão observando-se as diferentes áreas do município.  

Em relação às técnicas moleculares de detecção e identificação viral, os 

métodos baseados em RT-PCR configuram-se como um avanço no diagnóstico 

de arboviroses, dentre elas DENV, YFV, ROCV, SLEV, OROV, fornecendo 

respostas rápidas e precisas, além de permitir o sequenciamento nucleotídico 

dos produtos amplificados que visam a identificação viral e os estudos 

filogenéticos e de genotipagem, permitindo um adequado monitoramento de 

arboviroses2,21,43. 
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1.2. Objetivos 

Analisar molecular, temporal e espacialmente a transmissão de dengue 

através de amostras positivas de sangue e mosquitos infectados capturados 

em campo com armadilhas. Dentre os objetivos específicos, podemos 

destacar: 

1. Avaliar prospectivamente os genótipos virais de DEN em São José do 

Rio Preto, assim como estudar a variabilidade genética destes no 

decorrer do estudo; 

2.  Caracterizar o sorotipo circulante principal em mosquitos capturados 

nos diversos setores censitários que compõem o município; 

3.  Verificar a transmissão transovariana de vírus para espécimes criados 

em laboratório, cujos ovos foram obtidos em campo; 

4.  Analisar espacialmente a transmissão de dengue através dos dados 

epidemiológicos e moleculares.  
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Abstract 

The dengue virus has a single-stranded positive-sense RNA genome.  It possesses four 

antigenically distinct serotypes (DENV 1-4).  These serotypes are transmitted mainly by the bite 

of Aedes aegypti mosquitoes. The vector is widely associated with human activity, which, by 

generating artificial oviposition sites, allows for infestation to be maintained. The influence of 

organized social space favors the interaction among vector, virus, and man, making populated 

areas sources of dengue dispersion. In our study, we monitor the presence of DENV in field-

caught Aedes aegypti mosquitoes by multiplex-nested PCR and report how the mosquitoes 

spread in São José do Rio Preto/SP (Brazil). The city was divided in three different 

socioeconomic areas. Ten blocks were randomly chosen in each area. BG-Sentinels, 

MosquiTRAPs and Nasci Aspirators were used to collect mosquitoes in one house per block per 

socioeconomic area. The traps were maintained in each house upon informed consent. The 

address was collected for posterior geocoding. The mosquitoes were properly identified, divided 

according to gender in pools of 1 to 20 mosquitoes and preserved at -80°C. The pools were 

macerated and supernatant was used for viral extraction. Viral RNA was extracted with Trizol. 

Nearly 1200 mosquitoes were captured from December 2007 to March 2008. We have captured 

814 Aedes aegypti mosquitoes, which were divided in 463 pools. The pools were analyzed by 

multiplex-nested PCR and only 3.67% of them were positive for DENV-3 and DENV-2. Pools 

containing only male mosquitoes were positive for DENV, indicating the presence of vertical 

transmission. The transmission of dengue by Aedes aegypti mosquitoes involves interactions 

among the virus, the vector, the host and the environment. Climate features, adult female 

mosquito density and its flight range, transovarial transmission, density of human population 

and socioeconomical aspects are modulating factors of dengue virus transmission. Despite the 

low detection of viral RNA in mosquito pools, our results showed an important trend concerning 

vertical transmission and they confirm the introduction of DENV-3 serotype.  

Key-words: Dengue virus; Aedes aegypti; Transovarial transmission; M-N-PCR; 
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1- Introduction 

 

The dengue virus belongs to the Flaviviridae family, which trademark is 

to present non-segmented single-stranded RNA viruses. There are four dengue 

viruses (DENV 1 to 4) that are antigenically distinct (Gubler, 2002). The 

recovery from infection by one serotype provides lifelong immunity against that 

one but confers only partial and transient protection against subsequent 

infection by the other three viruses (WHO, 2010). The hyperendemicity, which is 

the co-circulation of several serotypes in an urban setting, increases the risk of 

more severe manisfestations of the disease (Gubler, 1998). Dengue fever (DF) 

is characterized by fever and nonspecific symptoms, such as frontal headache, 

retro-orbital pain, myalgia, nausea and vomiting, arthralgia, fatigue, and rash. 

DF is usually self-limiting and is rarely fatal. On the other hand, dengue 

hemorrhagic fever (DHF) and dengue shock syndrome (DSS) are more serious 

manifestations of the disease. DHF is characterized by the increase of vascular 

permeability, thrombocytopenia and hemorrhagic manifestations and may 

evolve to DSS that occurs when there is plasma leakage to interstitial spaces 

leading to hypovolemic shock and to the death (Gubler, 1998; WHO, 1997; 

Halstead, 2007).   

Around 2,5 billion people worldwide are at risk of DENV infection and 50 

million cases are reported annually.  An estimated 500 000 people with DHF 

require hospitalization each year and approximately 2.5% of those affected die 

(WHO, 2010). Dengue is a major public health problem, generating costs that 

exceed millions of dollars annually with hospitalization and treatment (WHO, 
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1997). The decrease and the reemergence of dengue outbreaks are closely 

related to several factors such as people migration, which is a source of 

exchange and introduction of new serotypes; the increasing population and the 

consequent inadequate urbanization projects that supplies several breeding 

sites for dengue vectors, such as Aedes aegypti (Kuno, 1995; Kyle & Harris, 

2008). 

  The mosquito Aedes aegypti is the main vector of dengue in Brazil. It is 

an anthropophilic species that is extremely adapted to urban environments and 

mosquitoes can be found at both indoor and outdoor sites (Forattini, 2002, 

Fávaro et al., 2006). The methods to measure the abundance of the vector are 

traditionally based on larval surveys such as Breateau, House and Container 

indexes. Besides having operational and financial advantages and providing 

important information on the local ecology of the vector and the impact of 

control measures, they do not reflect the real potential of dengue transmission 

(Focks, 2003). 

The use of traps to capture adult mosquitoes that provide a rapid and 

realistic estimation of biological parameters of the vector, such as its density 

and survival rates, is essential for dengue control (Maciel-de-Freitas et al., 

2006). Manual aspirators (Nasci, 1981), the BG- Sentinel (BioAgents BG, 

Germany) and  the MosquiTRAP (Eiras 2001, Eiras 2002) have been used to 

capture adult mosquitoes for surveillance purposes. It’s possible to elucidate the 

evolutionary patterns and the viral circulation in mosquito population through 

molecular biology with the comparison of the virus found in captured 

mosquitoes and the ones circulating in humans during an outbreak (Rico-



Artigo científico V 

 

48 

 

Hesse, 2007). The study of spatial distribution of dengue and its vector within a 

city is also an important approach in health management. The distribution of 

Aedes aegypti and dengue cases can be used to evaluate how the disease 

spreads within a city and the severity of an outbreak (Eisen & Lozano-Fuentes 

2009).  

Thus, the aim of this study was to evaluate molecularly and spatially the 

circulation of dengue virus (DENV) in mosquitoes from São José do Rio Preto 

(São Paulo/Brazil) captured by manual aspirators and traps using synthetic 

attractants.  

 

2- Material and methods 

The city of São José do Rio Preto is located on the northwestern region 

of the state of São Paulo, Brazil (20°49′11″ S and 49°22′46″ W), with a total 

area of 434.10 km2 and an urban area of 96.81 km2. The estimated population 

for 2009 was 419,632 inhabitants. The city has a tropical climate with a mean 

annual temperature of 25 °C and mean rainfall of 1410 mm. The city has 

development indicators comparable to those of developed countries. 

The presence of the mosquito Aedes aegypti was reported in the city in 

1985 and there were only imported cases of DENV until 1989. The first 

autochthonous cases were reported in 1990 (Chiaravalloti-Neto 1996) when 

DENV-1 was introduced in the city. DENV-2 and DENV-3 were introduced, 

respectively, in 1998 (Adolfo Lutz Institute – unpublished data) and 2005 

(Mondini et al., 2009).  
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The use of census tracts was used by Costa and Natal (1998) to 

evaluate the transmission of a disease in homogenous areas of the city in 

different periods of the year. The census tracts comprise 300 homes in areas 

defined by the Instituto Brasileiro de Geografia e Estatística — IBGE (Brazilian 

Institute of Geography and Statistics) to optimize the collection of data sets 

during census. The census tracts were divided in three socioeconomic areas 

according to the principal component analysis. Area 1 and Area 3 have the best 

and the worst living standards, respectively. Area 2 possesses intermediate 

living standards. This strategy to sectionalize the city was already applied 

elsewhere (Mondini et al., 2008, Vendramini et al., 2006).  

The mosquito collection was performed in one house per block. Ten 

blocks per socioeconomic area were randomly selected using survey sampling 

(Kish, 1965). The blocks with mainly commercial buildings, apartment buildings 

and schools were excluded. The software BioSTAT 3.0 was used to select the 

blocks by random sampling without reposition and we increased the size of the 

sample to 20 blocks to cover eventual exclusions. The maps with the selected 

blocks and other important information like streets, neighborhood and the 

number of the block were designed with ArcMAP 9.2 (ESRI, 2006).   

The mosquitoes were captured with three different traps: the BG-Sentinel 

(Biogents, Germany), the Nasci aspirator (Nasci, 1981) and the MosquiTRAP 

(Eiras & Santana, 2001, Eiras, 2002). They were installed outdoors, at shaded 

sites and next to vases and/or vegetation. One house per block was selected 

according to its characteristics, such as the presence of shaded areas and the 

existence of plants and/or trees. The traps were collected at different time 
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frames: the BG-Sentinel was collected 24 hours after its installation; the 

MosquiTRAP was collected after 7 days; the collection with Nasci aspirators 

was performed in a straightaway visit. The mosquitoes were identified and 

separated in pools of 20 specimens according to genera, gender and the 

number of the block in 1,5 mL tubes. The specimens of Aedes genera were 

identified to the level of species.  

The pools were stored at -80°C or were macerated adding 800 µl of 1X 

sterile PBS. They were centrifuged for 5 minutes (2300 g at 4°C). In a new tube, 

200 µl of the macerate plus 200 µl of chloroform and 200 µl of TRIZOL® were 

gently mixed by inversion, incubated for three minutes at room temperature and 

centrifuged for 15 minutes (4600 g at 4°C). The supernatant was collected to a 

new tube with 500 µl of isopropanol. The solution was gently mixed, incubated 

at room temperature for 10 minutes and centrifuged (4600 g at 4°C). The 

supernatant was removed, 500 µl of 75% alcohol was added to the tube and the 

solution was gently vortexed. The tube was centrifuged for 5 minutes (3800 g at 

4°C). The supernatant was discarded and dried at room temperature. The RNA 

was ressuspended with 30 µl of RNAse free water.  

The RT-PCR was performed using Flavivirus generic primers based on 

the non-structural protein 5 (NS5), which is a conserved region in dengue 

viruses and would detect most of the circulating dengue virus in Brazil in a 

single PCR reaction. In the second PCR, nested assays based on multiplex or 

conventional systems were used with species-specific primers for virus 

identification (de Moraes Bronzoni et al., 2005). The forward nFG1 

(5’TCAAGGAACTCCACACATGAGATGTACT3’) and reverse nFG2 



Artigo científico V 

 

51 

 

(5’GTGTCCCATCCTGCTGTGTCATCAGCATACA3’) primer set anneals to the 

NS5 gene, producing amplicons of approximately 958 bp (Fulop et al., 1993). 

Specific inner primers for YFV (5’TCAGAAGACCAAGAGGTCATGT3’), DENV-1 

(5’CGTTTTGCTCTTGTGTGCGC3’), DENV-2 

(5’GAACCAGTTTGTTTDRTTTCATAGCTGCC3’ - Degenerated primers. Single 

letter code: Y (C or T); S (C or G); R (A or G); H (A or C or T); W (A or T); N (A 

or C or G or T); K (G or T); D (A or G or T) ) and DENV-3 

(5’TTCCTCGTCCTCAACAGCAGCTCTCGCACT3’) anneals in the second 

round of PCR to produce  amplicons with 253, 472, 316 and 659 bp respectively 

(de Morais Bronzoni et al., 2005). The RT-PCR mixture contains 4,0µL of 5X 

Buffer  (250 mM HCl, 375 mM KCl e 15 mM MgCl2), 1,5µL of DTT (0,1M), 1,0µL 

of dNTP (250µM) , 1,0µL of FG2 (15 pMOL), 1,0µL of reverse transcriptase 

(200 U- Superscript; Invitrogen), 0,5µL RNAse inhibitor (20U - RNase OUT; 

Invitrogen), 8,0µL of RNA and RNAse free water to reach a final volume of 

20µL. The RT mixture was incubated at 50° C for 50 minutes and at 70° C for 

15 minutes.  

The PCR mixture contained 5,0 µL of 10 X Buffer (200mM HCl, 500mM 

KCl), 2,0µL of MgCl2 (50mM), 1,0µL of dNTP (250µM), 1,0µL of  the genus-

specific primer  FG1(15 pMOL), 0,2µL of Taq Polymerase (1U-Platinum Taq 

DNA Polymerase; Invitrogen), 8,0µL of cDNA  and DNAse free water to 

complete a final volume of 50µL. The samples were incubated for  one minute  

at 94° C,  one minute  at 94° C, one minute at 53° C, two minutes at 72° C (30 

cycles) and 5 minutes at 72°C.  



Artigo científico V 

 

52 

 

The Multiplex-Nested–PCR with species-specific primer  contained 5,0µL 

of 10X Buffer (200mM Tris-HCl, 500mM KCl), 2,0µL of MgCl2 (50mM), 1,0µL of 

dNTP (250µM), 1,0µL of FG1 (15 pMOL), 1,0µL of DENV-1 (15 pMOL), 1,0µL 

of DENV-2 (primer a 15 pMOL), 1,0µL of  DENV-3 (15 pMOL), 1,0µL of YFV (15 

pMOL), 0,2µL of Taq Polymerase (1U-Platinum Taq DNA Polymerase; 

Invitrogen) , 3,0µL of DNA and DNAse free water to complete a final volume of 

50 µL. The mixture was incubated for 1 minute at 94° C, 1 minute at 94° C, 1 

minute at 53° C, 2 minutes at 72° C (25 cycles) and 5 minutes at 72° C. All the 

thermal cyclings were performed with termocycler GeneAmp® PCR System 

9700 (Applied Biosystems, USA). 

Virus isolation was perform in C6/36 cell culture described elsewhere 

(Figueiredo, 1990) in DENV positive samples in order to isolate the virus 

present at mosquito pools. C6/36 cell culture confluent monolayer was infected, 

for 60 min, with 100 μl of sera samples diluted 1/10 in culture medium. After 

incubation, 5 mL of Leibovitz Medium L-15 (Cultilab) with 1% Bovine Fetal 

Serum (BFS-Cultilab) were added to cell monolayer. After seven days, the cell 

culture was frozen at -80ºC, thawed and the supernatant was analyzed to viral 

RNA was extracted using QIAamp Viral RNA Mini kit (QIAGEN, Inc.) as 

described by the manufacturer and submitted to PCR test (de Morais Bronzoni 

et al., 2005). 

The geocoding of mosquito pools was performed with ArcGIS 9.2 (ESRI 

2006) using the cartographic street database provided by the Municipal Health 

Service. The study was approved by the Ethical Review Board  of Faculdade de 

Medicina de São José do Rio Preto (Protocol number: 6312/2005).  
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3. Results 

From December 2007 to August 2008, 1140 households were visited for 

mosquito collection and 2904 mosquitoes were captured in these visits. BG-

Sentinels captured 1709 mosquitoes, Nasci aspirators collected 1158 

specimens and MosquiTRAPS collected 37 mosquitoes (Table 1). It is important 

to notice that BG-Sentinel collection started 10 and 16 months earlier than 

Nasci aspirator and MosquiTRAP collection, respectively. So, BG sentinels 

were installed in 630 houses, collection with manual aspirators were performed 

in 360 residences and MosquiTRAPs were set in 150 domiciles.  The 2,080 

Culex sp mosquitoes were not analyzed in this study.  

Comparing only the collections using manual aspirators and BG 

Sentinels from September 2007 and August 2008 (Table 2), it is noticeable that 

BG-Sentinels captured more Aedes aegypti mosquitoes than manual aspirators. 

Among the three forms of mosquito collection (Table 3), from April to August 

2008, BG-sentinel was still the adult trap with the highest number of Aedes 

collection (71 specimens). MosquiTRAPs seemed to be more specific for Aedes 

sp collection than the other two forms of collection because no Culex sp 

specimens were collected in those traps. 

The 824 Aedes aegypi mosquitoes (324 males and 490 females) were 

distributed in 463 pools. Seventeen pools were positive for DENV (3,67%). It is 

noticeable that the proportion of positive male pools was high, approximately 

65% (11/17). Fourteen pools (85%) were positive for DENV-3 (Figure 1) and 
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three pools were positive for DENV-2. Five pools were isolated in C6/36 cells 

during the first passage. 

Figure 2 presents 11 positive pools that were collected with BG-

Sentinels, the flight range of the mosquito (up to 800 m) according to Honório et 

al. (2003) and dengue incidences for the period in which the positivity of the 

pools was higher. There is a superposition of the areas with higher incidences 

and positive pools for DENV-3 (2006-2007). Three positive pools were collected 

from July to November, when the incidences of dengue are low and the 

infestation by Aedes aegypti is smaller.  

 

4. Discussion 

 

The use of molecular epidemiology associated with mosquito 

surveillance and control tools is a holistic approach to monitor viral dispersion 

and the occurrence of dengue within a city. However, not only the virulence of a 

serotype and its genotypes are the main modulators of dengue dispersal within 

a particular region, but also climate, population and the vectors are involved in 

the phenomena.  

Several studies (Chow et al., 1998, Kow et al., 2001, Pankhong et al., 

2002, Sithiprasasna et al., 2004, Urdaneta et al., 2005) used different 

methodologies for viral detection in mosquitoes and the positivity was below 

20%, which is similar to our results. However, it is important to notice that our 

collections were always random, they were performed during the seasons with 

high and low transmission and that there were positive pools in both periods.  
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The proportion of positive pools for DENV-3 is the same found by other study in 

South America (Urdaneta et al., 2005). 

Reproductive organs of Aedes aegypti females that were experimentally 

infected presents virus (Chen et al., 1993), increasing the probability of 

transovarial transmission. The high positivity among male pools indicates that 

this phenomenon occurs in São José do Rio Preto. Although the 

epidemiological importance of the vertical transmission remains unclear, studies 

demonstrated the presence of male with DENV in other regions of the world 

(Günther et al., 2007, Arunachalam et al., 2008, Angel & Josh, 2008). In our 

study, positive pools were detected in unfavorable months for the vector as 

July, September and November. These months usually present lower rates 

humidity and rainfall than other months of the year. Thus, the vertical 

transmission can be related to the endemic pattern that is typical in the 

municipality (Mondini et al., 2005). Another species in Aedes genus present 

venereal transmission of the Bunyavirus genus (Mellor, 2000) but it does not 

seem to happen with Flavivirus genus (Tu et al., 1998; Mellor,  2000). However, 

it is necessary to study the role of infected males in dengue viral spread. 

Dengue transmission by Aedes aegypti is multifactorial and involves the 

interaction among the virus, the vector, the host and the environment where the 

transmission occurs. The vectorial competence of the mosquito seems to be 

related to its susceptibility to the serotype (and genotype) of dengue virus 

(Anderson e Rico-Hesse, 2006), to the mosquito size and genotype (Schneider 

et al., 2007, Lambrechts et al., 2009) and larval competition (Alto et al., 2008). 
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The viral susceptibility may also be related to capacity of the virus in 

trespassing biological barriers of the insect (Black et al., 2002). 

Other necessary conditions for viral dispersion are related to vector 

population levels, their parity, their voracity (Kuno, 1995) and the flight range of 

the vector (Honório et al., 2003; Russell et al., 2005). The density of Aedes 

aegypti females necessary to transmit dengue virus is an important issue. The 

number of females per resident was the only risk factor in a study that evaluated 

entomological, environmental and behavioral variables in dengue dispersion 

(Rodriguez-Figueroa et al., 1995). However, the density of vector is also 

controversial (Halstead, 2008). Studies have demonstrated that both human 

and mosquito circulations are important in dengue dissemination (Harrington et 

al., 2005; Honório et al.,  2003; Russell et al.,  2005; Mondini et al., 2009).  

Dengue transmission is also related to the frequency of bites and to the 

duration of the gonotrophic cycle (Halstead, 2008). The populations of Aedes 

aegypti from the region of São José do Rio Preto present gonotrophic 

discordance because even gravid females ingest blood (Fávaro et al., 2006) 

and this phenomenon is important because it increases human-vector contact, 

increasing viral dispersion and the maintenance of the disease (Lima-Camara et 

al., 2007). 

Climate variations were identified as a significant indicator in the viral 

dispersion by the vector. Increased temperature, rainfall and humidity seem to 

be important in dengue occurrence (Wu et al., 2007, Nakhapakorn and Tripathi, 

2005). In São José do Rio Preto, there is an increase in rainfall in December 

and continues through January and February. The infestation by Aedes aegypti 
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mosquitoes increases as rainfall increases. Coincidently, dengue incidences 

start to ascend in the same period. 

The detection of dengue virus circulating in mosquitoes is an important 

tool to prevent dengue transmission. However, it is necessary that surveillance 

and control programs act swiftly when an area with infected mosquitoes is 

found. Several control measures must be taken to control virus spread and to 

avoid the dispersion of new serotypes/genotypes, especially in areas where the 

population have not been previously exposed.  
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Table 1. Total adult mosquito collection in São José do Rio Preto by 

socioeconomic area† and trap: BG-Sentinel; Nasci Aspirator; MosquiTRAP. 

A. BG-Sentinel* 

  Area 1 Area 2 Area 3 Total 

Ae. aegypti ♂ 124 51 53 228 

 ♀ 110 111 111 332 

Ae. albopictus ♂ 0 0 0 0 

 ♀ 5 0 0 5 

Culex sp. ♂ 172 199 363 734 

 ♀ 78 117 215 410 
 

B. Nasci aspirator** 

  Area 1 Area 2 Area 3 Total 

Ae. aegypti ♂ 25 31 35 91 

 ♀ 34 42 51 127 

Ae. albopictus ♂ 0 0 0 0 

 ♀ 3 0 1 4 

Culex sp. ♂ 168 80 259 507 

 ♀ 122 144 163 429 
 

C. MosquiTRAP*** 

  Area 1 Area 2 Area 3 Total 

Ae. aegypti ♂ 2 3 0 5 

 ♀ 6 9 16 31 

Ae. albopictus ♂ 0 0 0 0 

 ♀ 0 0 1 1 

Culex sp. ♂ 0 0 0 0 

 ♀ 0 0 0 0 
 

† Socioeconomic areas: 1- Census tracts with good socioeconomic status; 2- Census tracts 

with intermediate socioeconomic status; 3- Census tracts with low socioeconomic status; 

* Collections performed from  December  2006 to August 2008, n= 630 visits; 

** Collections performed from  September 2007 to August 2008, n= 360 visits; 

*** Collections performed from  April  2008 to August 2008, n= 150 visits; 

(♂) Male 

(♀) Female 
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Table 2. Comparative mosquito collection in São José do Rio Preto by 

socioeconomic area† and trap: BG-Sentinel and Nasci Aspirator. 

BG-Sentinel*  

  
Area 1 Area 2 Area 3 Total 

Ae. aegypti ♂ 84 26 26 136 

 
♀ 65 61 58 184 

Ae. albopictus ♂ 0 0 0 0 

 
♀ 5 0 0 5 

Culex sp. ♂ 110 137 306 553 

 
♀ 41 86 175 302 

 

A. Nasci Aspirator** 

  
Area 1 Area 2 Area 3 Total 

Ae. aegypti ♂ 24 31 35 90 

 
♀ 34 42 51 127 

Ae. albopictus ♂ 0 0 0 0 

 
♀ 3 0 1 4 

Culex sp. ♂ 168 80 259 507 

 
♀ 122 144 163 429 

 

 

† Socioeconomic areas: 1- Census tracts with good socioeconomic status; 2- Census tracts 

with intermediate socioeconomic status; 3- Census tracts with low socioeconomic status; 

* Collections performed from September 2007 to August 2008, n= 360 visits; 

** Collections performed from September 2007 to August 2008, n= 360 visits; 

 (♂) Male 

(♀) Female 
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Table 3. Comparative mosquito collection in São José do Rio Preto by 

socioeconomic area† and trap: BG-Sentinel; Nasci Aspirator; MosquiTRAP. 

A. BG-Sentinel* 

  
Area 1 Area 2 Area 3 Total 

Ae. aegypti ♂ 12 2 7 21 

 
♀ 14 16 20 50 

Ae. albopictus ♂ 0 0 0 0 

 
♀ 0 0 0 0 

Culex sp. ♂ 11 45 31 87 

 
♀ 13 38 82 133 

 

B. Nasci Aspirators** 

  
Area 1 Area 2 Area 3 Total 

Ae. aegypti ♂ 3 5 11 19 

 
♀ 5 4 17 26 

Ae. albopictus ♂ 0 0 0 0 

 
♀ 3 0 0 3 

Culex sp. ♂ 12 0 127 139 

 
♀ 56 37 83 176 

 

C. MosquiTRAP*** 

  
Area 1 Area 2 Area 3 Total 

Ae. aegypti ♂ 2 3 0 5 

 
♀ 6 9 16 31 

Ae. albopictus ♂ 0 0 0 0 

 
♀ 0 0 1 1 

Culex sp. ♂ 0 0 0 0 

 
♀ 0 0 0 0 

 

† Socioeconomic areas: 1- Census tracts with good socioeconomic status; 2- Census tracts 

with intermediate socioeconomic status; 3- Census tracts with low socioeconomic status; 

* Collections performed from April  2008 to August 2008, n= 150 visits; 

** Collections performed from April  2008 to August 2008, n= 150 visits; 

*** Collections performed from April  2008 to August 2008, n= 150 visits; 

(♂) Male; (♀) Female
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Figure 1. Eletrophoresis in 8% poliacrilamide gel, stained with silver nitrate of 

M-N-PCR after RNA viral extraction with TRIZOL of Aedes aegypti pools. (M) 

100 bp marker; (C+) Positive control for DENV-3; (C-) Negative control. 
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Figura 2. Distribution of positive pools from mosquito collection using BG-

Sentinels, flight range of the mosquito (up to 800 m, according to Honório et al., 

2003) and dengue incidences from September 2006 to August 2007.  
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Emergence of DENV-3 and reemergence of DENV-2 and DENV-1 in a city 
from São Paulo from 2006 to 2009. 

Adriano Mondini1, Roberta Vieira de Moraes Bronzoni1, Vinícius dos Santos Santana2, 

Ligia Carolina Lavezzo2, Ana Carolina Bernades Terzian1, Ana Patrícia Chieroti1, Silvia 

Helena Pereira Nunes1, Maurício Lacerda Nogueira1, Francisco Chiaravalloti-Neto1,3.  
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Abstract 

Dengue belongs to the Flavivirus genus and is the most common arboviral infection worldwide. 

It can be caused by four antigenically different serotypes (DENV 1-4). Dengue infection may be 

asymptomatic and lead to undifferentiated fever, dengue fever or evolve to dengue hemorrhagic 

fever or dengue shock syndrome. In our study we describe the emergence of DENV-3 and the 

reemergence of DENV-2 and DENV-1 in São José do Rio Preto/SP – Brazil in a period of four 

years. Blood samples of patients presenting dengue like symptons were collected and 

Multiplex-RT-PCR with Flavivirus generic primers based on non-structural protein (NS5) were 

performed, followed Nested assays with species-specific primers for the identification of DENV 

1-3 and YFV. We analyzed 613 blood samples for four years: 199 in 2006, 94 in 2007, 313 in 

2008 and 10 in 2009. The positivity was high in 2006 and 2007, with 106 and 51 infected 

patients, respectively. The major dengue serotype circulating during the 2006 and 2007 

epidemics was DENV-3, which is an indication of its recent introduction in the municipality. 

There were two cases of DENV-2/DENV-3 co-infection in 2006. Six patients were infected by 

DENV-2 (3%) in 2006 and only one patient was reported with DENV-2 in 2007. Among the 

DENV positive patients in 2008, only 7 patients were infected by DENV-3 and 90 were infected 

by DENV-2, suggesting the reemergence of this serotype and confirming the co-circulation of 

two serotypes in the city. We detected the circulation of DENV-1 in two patients in 2008 and in 

four patients in 2009. DENV-1, DENV-2 and DENV-3 are co-circulating in the São José do Rio 

Preto. DENV-1 was first introduced in São José do Rio Preto in 1990. DENV-3 was first isolated 

in January 2006. DENV-2 was introduced in the city in 1998 and there was an increase of 

dengue incidences at that year and a posterior decrease every year until 2005. It is most likely 

that the transmission of DENV-3 started in September 2005 when there was an important 

transmission in one area of the city that culminated in April 2006. Due to the susceptibility of the 

population to the newly introduced virus, the serotype spread largely in SJRP. After two years of 

DENV-3 transmission, there was the reemergence of DENV-2 probably due to the increase of 

susceptible individuals on the population. DENV-1 seems to be the main serotype causing the 

outbreak in 2010. The differential circulation may also be due to a competitive suppression 

among different strains, leading to a decreased transmission of one genotype. 

Key-words: DENV; PCR; Molecular epidemiology; Public Health 
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1- Introduction 

 

The genus Flavivirus includes 53 arthropod borne viruses that can cause 

severe encephalitis, hemorrhagic fever and febrile illness in humans (Monath & 

Heinz, 1996). Dengue (DENV) and yellow fever (YFV) belongs to this genus 

and are important public health issues in the majority of tropical and subtropical 

countries. 

Dengue is the most common arboviral infection worldwide. Like other 

flaviviruses, dengue virus has a single-stranded positive-sense RNA genome of 

10,700 nucleotides that is surrounded by a nucleocapsid and covered by a lipid 

envelope with viral glycoproteins. The RNA genome contains a single open 

reading frame (ORF) flanked by two untranslated regions (UTRs 39 and 59). 

The single ORF encodes a precursor polyprotein, which is co- and 

posttranslationally cleaved into three structural (C, prM and E) and seven 

nonstructural (NS1, NS2A, NS2B, NS3, NS4A, NS4B, NS5) proteins (Chambers 

et al., 1990). The disease is caused by four antigenically distinct virus serotypes 

(DENV 1–4) and each serotype harbors phylogenetically defined genotypes 

(Holmes & Twiddy, 2003). The recovery from infection by one serotype provides 

lifelong immunity against that one but confers only partial and transient 

protection against subsequent infection by the other three viruses (WHO, 2010). 

Dengue infection may be asymptomatic and lead to undifferentiated 

fever, dengue fever (DF) or evolve to dengue hemorrhagic fever (DHF) or 

dengue shock syndrome (DSS). DF is an acute febrile viral disease that is 

characterized by headaches, biphasic fever, skin rash, retro orbital pain, 

leukopenia, thrombocytopenia and lymphadenopathy. DHF is characterized by 
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high fever, hemorrhagic manifestations and signs of circulatory failure. Patients 

presenting such symptoms may develop hypovolemic shock, leading to DSS, 

which can be fatal (WHO, 1997). 

Risk factors related to the severity of the disease include age, serotype 

(Gubler 1998), genotypes (Messer et al., 2003), the genetic trends of the host 

(Guzman et al., 2002, Sierra et al., 2007) and the previous infection by DENV 

(Yeh et al., 2006), although different genotypes modulate several degrees of 

infection (Rico-Hesse, 2003). 

The reasons for the maintenance of the disease in the environment are 

not entirely known. They can be related to climate and social changes or to the 

heterogeneity of the viral spread in time and space.  The populational growth, 

inadequate urbanization projects and an overwhelming consumerism, which 

generate favorable conditions to dengue transmission, are among the risk 

factors (WHO, 1997). Moreover, the biology of the vector, herd immunity and 

behavioral and socioeconomic trends have an important role in dengue 

transmission (Kuno, 1995).  

Around 2,5 billion people worldwide are at risk of DENV infection and 50 

million cases are reported annually.  An estimated 500 000 people with DHF 

require hospitalization each year and approximately 2.5% of those affected die 

(WHO, 2010). Brazil was responsible for approximately 81% of dengue cases 

reported in Central and South America and approximately 60% of dengue cases 

reported worldwide. Until the 35th epidemiological week of 2008, 734,384 cases 

of DF and 9,957 of DHF were reported (PAHO, 2010). Concomitantly, the state 

of São Paulo was responsible for 7,131 cases of dengue and São José do Rio 
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Preto reported 244 dengue cases (CVE, 2009). However, the city is endemic for 

dengue and alternates periods with high and low incidences (Mondini et al., 

2005). At the same period of the previous year, the city presented 9,244 cases 

and it was responsible for 10% of the cases occurring at the State of São Paulo. 

The introduction of DENV-1 and DENV-2 occurred in 1986 and 1990 

(Figueiredo 2000). The first cases of DENV-3 were reported during the summer 

of 2000/2001 at the city of Rio de Janeiro (Nogueira et al., 2001). The presence 

of the mosquito Aedes aegypti was reported in São José do Rio Preto was in 

1985 and there were only imported cases of DENV until 1989. The first 

autochthonous cases were reported in 1990 (Chiaravalloti-Neto, 1996) when 

DENV-1 was introduced in the city. DENV-2 and DENV-3 were introduced, 

respectively, in 1998 (Adolfo Lutz Institute – unpublished data) and 2005 

(Mondini et al., 2009). The first cases of DENV-3 reported in 2006 were 

accompanied by an outbreak of Saint Louis Encephalitis virus (SLEV) (Mondini 

et al., 2007 (a)). The municipality does not have data that dissect the circulation 

of the different dengue serotypes that circulated in the city. Thus, the aim of this 

study is to report the emergence of DENV-3 and the reemergence of DENV-2 

and DENV-1 and the co-circulation of these serotypes in São José do Rio 

Preto.  
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2- Material and methods 

 2.1. Study site 

The city of São José do Rio Preto is located on the northwestern region 

of the state of São Paulo, Brazil (20°49′11″ S and 49°22′46″ W), with a total 

area of 434.10 km2 and an urban area of 96.81 km2. The estimated population 

for 2009 was 419,632 inhabitants. The city has a tropical climate with a mean 

annual temperature of 25 °C and mean rainfall of 1410 mm. The city has 

development indicators comparable to those of developed countries. 

 2.2. Casuistic  

 Blood samples from patients presenting acute febrile illness, with or 

without hemorrhagic manifestations, infection with sudden start, nausea, vomit, 

diarrhea, symptoms of DF and DHF were collected for Flavivirus testing in the 

municipal health units and hospitals, upon informed consent. This study was 

approved by the Ethical Review Board of the Faculdade de Medicina de São 

José do Rio Preto do Rio Preto and blood collection was performed upon 

Written Informed Consent. 

  The serum was stored at -80ºC. Viral RNA was extracted from 140 μl of 

each aliquote with the QIAamp Viral RNA Mini kit (QIAGEN, Inc.) as described 

by the manufacturer and RNAs were submitted to PCR test.  

 2.3. PCR assays 

 The RT-PCR was performed using Flavivirus generic primers based on 

the non-structural protein 5 (NS5), which is a conserved region in dengue 

viruses and would detect most of the circulating dengue virus in Brazil in a 

single PCR reaction. In the second PCR, nested assays based on multiplex or 
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conventional systems were used with species-specific primers for virus 

identification (de Moraes Bronzoni et al., 2005). The forward nFG1 

(5’TCAAGGAACTCCACACATGAGATGTACT3’) and reverse nFG2 

(5’GTGTCCCATCCTGCTGTGTCATCAGCATACA3’) primer set anneals to the 

NS5 gene, producing amplicons of approximately 958 bp (Fulop et al., 1993). 

Specific inner primers for YFV (5’TCAGAAGACCAAGAGGTCATGT3’), DENV-1 

(5’CGTTTTGCTCTTGTGTGCGC3’), DENV-2 

(5’GAACCAGTTTGTTTDRTTTCATAGCTGCC3’ - Degenerated primers. Single 

letter code: Y (C or T); S (C or G); R (A or G); H (A or C or T); W (A or T); N (A 

or C or G or T); K (G or T); D (A or G or T) ) and DENV-3 

(5’TTCCTCGTCCTCAACAGCAGCTCTCGCACT3’) anneals in the second 

round of PCR to produce  amplicons with 253, 472, 316 and 659 bp respectively 

(de Morais Bronzoni et al., 2005). The RT-PCR mixture contains 4,0µL of 5X 

Buffer  (250 mM HCl, 375 mM KCl e 15 mM MgCl2), 1,5µL of DTT (0,1M), 1,0µL 

of dNTP (250µM) , 1,0µL of FG2 (15 pMOL), 1,0µL of reverse transcriptase 

(200 U- Superscript; Invitrogen), 0,5µL RNAse inhibitor (20U - RNase OUT; 

Invitrogen), 8,0µL of RNA and RNAse free water to reach a final volume of 

20µL. The RT mixture was incubated at 50° C for 50 minutes and at 70° C for 

15 minutes.  

The PCR mixture contained 5,0 µL of 10 X Buffer (200mM HCl, 500mM 

KCl), 2,0µL of MgCl2 (50mM), 1,0µL of dNTP (250µM), 1,0µL of  the genus-

specific primer  FG1(15 pMOL), 0,2µL of Taq Polymerase (1U-Platinum Taq 

DNA Polymerase; Invitrogen), 8,0µL of cDNA  and DNAse free water to 

complete a final volume of 50µL. The samples were incubated for  one minute  
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at 94° C,  one minute  at 94° C, one minute at 53° C, two minutes at 72° C (30 

cycles) and 5 minutes at 72°C.  

The Multiplex-Nested–PCR with species-specific primer  contained 5,0µL 

of 10X Buffer (200mM Tris-HCl, 500mM KCl), 2,0µL of MgCl2 (50mM), 1,0µL of 

dNTP (250µM), 1,0µL of FG1 (15 pMOL), 1,0µL of DENV-1 (15 pMOL), 1,0µL 

of DENV-2 (primer a 15 pMOL), 1,0µL of  DENV-3 (15 pMOL), 1,0µL of YFV (15 

pMOL), 0,2µL of Taq Polymerase (1U-Platinum Taq DNA Polymerase; 

Invitrogen) , 3,0µL of DNA and DNAse free water to complete a final volume of 

50 µL. The mixture was incubated for 1 minute at 94° C, 1 minute at 94° C, 1 

minute at 53° C, 2 minutes at 72° C (25 cycles) and 5 minutes at 72° C. All the 

thermal cyclings were performed with termocycler GeneAmp® PCR System 

9700 (Applied Biosystems, USA). 

The amplicons were visualized after electrophoresis in 1% agarose gel 

with ethidium bromide. All positive samples were sequenced to confirm the M-

N-PCR.  

2.4. Geocoding 

The geocoding of the M-N-PCR positive cases and the cases that were 

included in official records were performed with ArcGIS 9.2 (ESRI, 2006) using 

the cartographic street database provided by the Municipal Health Service of 

São José do Rio Preto. The coefficients of annual incidence were calculated 

from September of one year to August of the next year. The total number of 

cases in each of these periods was divided by the respective population 

estimate and multiplied by 100,000. This produced a historical series of annual 

incidences. The months of September and August were chosen because they 
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generally presented the lowest incidences, in relation to the other months of the 

year. They therefore enabled good representation of the seasonal behavior of 

the disease (Mondini et al., 2005). 

 

3. Results 

 Over 600 clinical samples were analyzed from January 2006 to January 

2009. The positivity was around 50% in the timeframe that comprises 

January/December 2006 and January/December 2007. From January to 

December 2008, the number of positive samples was around 35%.  In 2006, 

199 samples were  analyzed and 106 were positive; in 2007, 94 samples were 

tested and 51 were positive; in 2008, 313 samples were analyzed and 102 were 

positive (Table 1). In 2009, only 12 samples were analyzed and there were only 

four positive cases, all caused by DENV-1. The main serotype circulating in São 

José do Rio Preto in 2006 and 2007 was DENV-3, with the co-circulation of 

DENV-2 and SLEV (Mondini et al., 2007 (a)) in 2006. DENV-2 started to 

circulate in the city in the second semester of 2007. In 2008, the first positive 

cases were caused by DENV-3 but DENV-2 became the main serotype in 

circulation when the incidence reached its peak.   

 The peak of incidence for the disease was in May, both in 2006 and 

2007, when the main circulating serotype was DENV-3 with the co-circulation of 

DENV-2 (Figure 1). The peak of incidence in 2008, however, was in 

March/April, when the main circulating serotype was DENV-2. In July 2008, the 

autochthonous transmission of DENV-1 was also detected among the infected 
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patients (Figures 2 and 3). In 2009, all analyzed dengue cases were caused by 

DENV-1.  

 It is noticeable that there is a overlap of census tracts with high 

incidences of DENV and the census tracts that present patients analyzed with 

M-N-PCR (Figure 4-6). In 2006, there was a case of co-infection by DENV-2 

and DENV-3 (Figures 4 and 7). DENV-1 cases were spread throughout the 

municipality, indicating a dispersion of this serotype in São José do Rio Preto 

(Figure 6).  

 

4. Discussion 

 The occurrence of successive dengue outbreaks in a city is a 

consequence of favorable conditions for its transmission and it can be an 

important instrument to investigate the dynamics of the disease and to 

understand the dispersion of different serotypes in an urban space. Associated 

to the study of the biology of the vector and serological and socioeconomic 

characteristics of the population it is possible to identify the risk factors for 

infection and to study strategies for dengue prevention and control. 

The dengue outbreak that occurred in 2006 reached the highest 

incidences in the historical series of São José do Rio Preto. There was a higher 

number of DHF cases in the city during this period. The high incidences of the 

disease in this year are clearly a result of the introduction of DENV-3 in the 

municipality (Mondini et al., 2009). With a susceptible population estimated in 

415,000 people, the incidence reached 13,814 cases per 100,000 inhabitants. 

DENV-2 was also circulating in the city. SLEV was introduced in São José do 
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Rio Preto in 2006 causing a minor outbreak (Mondini et al., 2007 (a)). The 

DENV-3 and SLEV co-infection case did not present unusual symptoms 

(Mondini et al., 2007 (b)). In the following year, even with a decreased number 

of susceptible individuals, the incidence was 8,206 cases per 100,000 

inhabitants. There was the co-circulation of DENV-3 and DENV-2. Other cases 

of DHF were also reported in 2007. In 2008, the scenario was different from the 

previous years because DENV-2 reemerges to be the main serotype circulating 

in the outbreak of that year. DF was the main clinical manifestation and few 

cases evolved to DHF. DENV-3 was also circulating in the city but with a 

diminished frequency. This year also witness the circulation of DENV-1 after 

July. The reason why only 12 patients were analyzed in 2009 is because there 

was a change of politicians and members of the Municipal Health Service. 

However, it is noticeable that among them, the four positive cases were caused 

by DENV-1. Dengue cases have increased considerably in endemic areas such 

as São José do Rio Preto, alternating periods with high and low incidences 

(Mondini et al., 2005). Like other regions of America, dengue starts to present a 

hyper endemic trend that is a consequence of the circulation of other serotypes 

from other regions of the country (Gubler, 1998). 

Our data clearly shows that a serotype is introduced at least six months 

before its establishment in an urban setting. The introduction of DENV-3 

probably occurred in September 2005, when there was an important 

transmission in an area with low socioeconomic level (Mondini et al., 2009). The 

peak of transmission in São José do Rio Preto is usually April (Mondini et al., 

2005) with a gradual increase in the incidences starting in January. Such trend 
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is a result of an increase in rainfall that starts in December, providing a varied 

number of breeding sites and a consequent augmentation of Aedes aegypti 

infestation. The first case caused by DENV-3 was at the beginning of January 

and this is a clear indication that this serotype was already circulating in the city. 

DENV-3 was the main serotype circulating in the second semester of 2006 and 

the main serotype circulating in the first semester in 2007. DENV-2 was 

detected in the second semester of 2007 and it was the main serotype causing 

dengue in 2008. DENV-1 was detected in the second semester of 2008 and it 

was the main serotype circulating in 2009. Unfortunately, it was not possible to 

test blood samples from infected patients in the second semester of 2009, but 

DENV-1 was probably the most frequent serotype in circulation because it is the 

main serotype in the outbreak of 2010.  

The beginning of dengue transmission in low socioeconomic areas with 

inadequate urbanization is not mere coincidence. A study on the infestation 

levels of Aedes aegypti mosquitoes (Ferreira & Chiaravalloti-Neto, 2007) 

demonstrated that area with inadequate development, low infra-structure and 

socioeconomic level presented higher rates of infestation than neighborhoods 

located within the urban perimeter. According to the authors, the infestation 

data indicate a relation with socioeconomic levels. However, basic sanitation is 

a preponderant factor because high, intermediate and low socioeconomic areas 

present similar infestation levels if basic sanitation is uniform for all areas. Thus, 

an area with low socioeconomic level and without adequate basic sanitation is 

going to present higher levels of infestation (Ferreira & Chiaravalloti-Neto, 

2007).  
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Figures 3 and 4 clearly show that the highest incidences are 

concentrated in census tracts of the North Zone, which present lower 

socioeconomic levels (Mondini & Chiaravalloti-Neto, 2007). It was reported that 

there was a high rates of transmission in poor areas of São José do Rio Preto, 

especially in the North Zone (Galli & Chiaravalloti-Neto, 2008). It is important to 

evaluate if poor regions of the city would serve as areas of DENV dispersion, 

especially in cases of recent introduction of a new serotype/genotype. It seems 

to be the case of São José do Rio Preto because there was a dispersion of the 

disease from low socioeconomic areas to other areas of the city. Residence 

addresses were used for geocoding because it is the most likely site of 

infection. However, dengue transmission may also occur at work, at school or at 

any other activity. This is an important bias to be solved, especially because of 

technical limitations and the lack of quality in official records. With a detailed 

epidemiological investigation, it is possible to verify the importance of other 

transmission sites in order to generate control measures not only at the 

residence of the patient but also in other probable sites of infection. A study in 

São José do Rio Preto reported that commerce, industries and construction 

sites may have an important role in vector infestation (Fávaro et al., 2009: 

personal communication) and, consequently, in dengue transmission. 

Dengue transmission was assessed in the metropolitan area of Rio de 

Janeiro in 2000-01 and the co-circulation of DENV-1, DENV-2 and DENV-3 was 

reported (De Simone et al., 2004). After the introduction of DENV-3, there was 

an increase in severe cases associated to the three serotypes. In São José do 

Rio Preto, however, clinical manifestations were severe only in patients with 
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DENV-3. DENV-2 patients evolved without clinical implications. Since there are 

not serological studies for DENV, it is difficult to relate the severity of the cases 

to a secondary infection or to the virulence of the circulating serotype/genotype.   

It is important to notice that the city has been endemic for more than 10 years 

and that part of the population may have been already immunized. Thus, a 

more severe condition might be also related to a secondary DENV infection. 

Figure 6 shows dengue incidences in the city for 2008, when DENV-2 was the 

main circulating serotype. It’s noticeable that areas in the North Zone presented 

low incidences in the majority of its census tracts, indicating a previous 

circulation of the serotype in the area. These areas always presented high 

incidences in previous years (Mondini & Chiaravalloti-Neto, 2008). The positivity 

for DENV relatively dropped in 2008 due to a concomitant outbreak of sylvatic 

cases of yellow fever in the country. The alarmed population sought medical 

care at any sign of dengue like symptoms, increasing blood collection (there 

were 92 DENV-2 positive cases in 313 samples).  

The introduction of DENV-3 in the Caribbean island of Saint Martin in 

2003-2004 nearly substituted preexisting dengue serotypes. According to the 

authors, it seems to indicate an adaptation to local conditions (Peyrefitte et al., 

2005).  The same trend might have happened in São José do Rio Preto in 

2006-07 (Figure 2). DENV-3 practically substituted the serotype that was 

circulating in the city since 1998. A high number of susceptible individuals 

associated to the high density of vectors were crucial points in the 

establishment of dengue outbreaks caused by DENV-3 in 2006-07.  
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In a study in the Philippines using dengue isolates from 1995 to 2002 

showed one DENV-2 lineage underwent local evolution, with a gradual and 

effective replacement of the other circulating DENV-2 lineage (Salda et al., 

2005). This is an interesting observation for it can be the case of São José do 

Rio Preto. Besides the introduction of a new DENV-2 lineage, local evolution 

might have occurred due to selective pressure of environment related to a lack 

of susceptible individuals and to the introduction of DENV-3. In the Philippines 

study, there was an alternation of serotypes causing epidemics. However, 

DENV-2 was the only serotype constantly detected in outbreaks for almost a 

decade. The same happened in São José do Rio Preto since DENV-2 was 

introduced in 1998.  

Without any detectable circulation since 2006, DENV-1 was responsible 

for three dengue cases in the city in 2008. DENV-1 was first introduced in 1990 

and it was the first serotype to cause outbreaks with autochthonous cases 

(Chiaravalloti-Neto, 1996) until 1998, when DENV-2 was introduced in São José 

do Rio Preto. As molecular data for DENV circulation in the city is scarce, it is 

not possible to assume that DENV-1 had not circulated before 2006. However, 

this serotype circulated in a town next to São José do Rio Preto (Santos et al., 

2003).  

The presence of DENV-1 is interesting epidemiologically because 

Nicaragua suffered an alternation of serotypes for 10 years (DENV-3 and 

DENV-2) and suddenly DENV-1 became the main serotype of the outbreak, 

causing dengue in 87% of the patients (Balmaseda et al., 2006). It is also 

similar to what is happening in São José do Rio Preto, but in a smaller 



Artigo científico VI 

 

85 

 

timeframe. The city reported outbreaks caused by DENV-3 in 2006 and 2007, 

followed by an outbreak caused by DENV-2 in 2008 with three cases of DENV-

1 in the last semester of the year. The first cases in 2009 were caused by this 

serotype. Unfortunately, it was not possible to study more DENV-1 cases that 

circulated in the city in 2009 but it is the main serotype circulating in 2010.  

The molecular analysis of dengue cases not only provided fundamental 

information to understand the dispersion of different serotypes in São José do 

Rio Preto, but it was also essential to identify a concurrent outbreak caused by 

another Flavivirus. In a city with endemic transmission, all patients that present 

dengue-like symptoms are diagnosed with the disease. After serological exams, 

patients that are not tested positive for DENV are not assayed for other 

Brazilian Flavivirus. During the dengue outbreak in 2006, SLEV produced a 

smaller outbreak in the city (Mondini et al., 2007 (a)), but it would not be 

discovered if there was not  an active molecular surveillance for Flavivirus at the 

time. There was even a case of co-infection by DENV-3 and SLEV, but the 

patient did not present serious clinical implications (Mondini et al., 2007 (b)). 

The detection of SLEV and DENV is important because surveillance and control 

measures are different for each and require different actions.  

Molecular studies provide important data to understand the dynamics of 

viral circulation within an urban space. Different genotypes (and serotypes) of 

DENV that cause severe forms of the disease might spread and, apparently, 

supplant other lineages. This diverse dissemination might be related to 

differentiated viral replication, vector competence, herd immunity and spatial, 

social and ecological trends that are inherent to the site where the disease is 
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occurring. The differences in viral dispersion indicate how the cases occur in 

humans and how a genotype can be supplanted by others, with an important 

impact in the epidemiology of the disease.  
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Figura 1. M-N-PCR Positivity for DENV from January 2006 to August 2008; 

São José do Rio Preto (SP/Brazil).  The peak of positivity in 2006 and 2007 was 

in May, when DENV-3 was the main serotype in circulation. In 2008, DENV-2 

was the main circulating serotype and the peak of positivity was in March/April. 

DENV-1 circulated in 2009 (data not shown). 
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Figure 2. DENV serotypes circulating in São José do Rio Preto from January 

2006 to August 2008; DENV-1 also circulated in 2009 (data not shown). 
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Figure 3: Agarose gel showing clinical samples from 2008. Sample 1 is positive 

for  DENV-1 (476 bp), 2  is positive for DENV-2 (316 bp) and 3 is positive for 

DENV-3 (659 bp). 100 bp Ladder (M); Positive control (C+); Negative control 

(C-).  
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Figure 4. Cartographic representation of São José do Rio Preto (SP/Brazil).  

(A) DENV incidences (per 100,000 inhabitants) from September 2005 to August 

2006 in 432 census tracts. (B) Positive cases by M-N-PCR (DENV 1-3). It is 

noticeable an overlap of areas with higher incidences and areas with more 

positive PCR results. There was a case of co-infection with DENV-2 and DENV-

3 (green dot). 
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Figure 5. Cartographic representation of São José do Rio Preto (SP/Brazil).  

(A) DENV incidences (per 100,000 inhabitants) from September 2006 to August 

2007 in 432 census tracts. (B) Positive cases by M-N-PCR (DENV 1-3). It is 

noticeable an overlap of areas with higher incidences and areas with more 

positive PCR results.  
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Figure 6. Cartographic representation of São José do Rio Preto (SP/Brazil).  

(A) DENV incidences (per 100,000 inhabitants) from September 2007 to August 

2008 in 432 census tracts. (B) Positive cases by M-N-PCR (DENV 1-3). It is 

noticeable an overlap of areas with higher incidences and areas with more 

positive PCR results. DENV-1 was detected in three different areas of the city 

(yellow dots). 
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Figure 7: Agarose gel showing clinical samples from patients with DENV-3 (659 

pb). Number three presented co-infection by DENV-2 (316 pb).  100 bp Ladder 

(M); Positive control (C+); Negative control (C-).  

M        1          2         3         4         5         6          7         8          9         C+      C- 

600 pb 

300 pb 
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Table 1. Clinical samples of patients diagnosed with dengue fever, dengue 

hemorrhagic fever or encephalitis. The molecular diagnosis was performed with 

M-N-PCR, using primers for DENV-1, DENV-2, DENV-3 e YFV, from Janeiro to 

December/2006 (A), from Janeiro to December /2007 (B) and  from Janeiro to 

August/2008 (C). Dengue cases from 2009 are not shown. 

 

* Main circulating serotype: DENV-3; co-circulation of DENV-2 and SLEV (Mondini et al, 2007 

(a)); 

** Main circulating serotype: DENV-3, co-circulation of de DENV-2; 

*** Main circulating serotype: DENV-2, co-circulation of DENV3 and DENV-1.  
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3.  Conclusões 

 

 Este é o primeiro estudo de epidemiologia molecular analisando uma 

série histórica de casos de dengue em São José do Rio Preto. É, também, o 

primeiro estudo que faz a análise da distribuição espacial do dengue associada 

ao estudo da micro-evolução viral em um espaço urbano, de forma a entender 

como ocorreu a disseminação das linhagens virais dentro do município. É o 

primeiro estudo a descrever uma epidemia da encefalite de Saint Louis no 

Brasil e, também, o primeiro a reportar uma co-infecção de DENV-3 e SLEV.  

 As principais conclusões deste estudo são: 

1.  Num município endêmico para dengue, como São José do Rio 

Preto, a análise molecular de pacientes com diagnóstico clínico da 

doença mostrou que pode haver a circulação de outros Flavivirus e 

não somente DENV; 

2. O uso de critérios sorológicos e epidemiológicos deve ser 

acompanhado por análises moleculares para confirmação de um 

caso em períodos de grandes epidemias;  

3. É necessário empregar uma vigilância ativa, baseada na prevenção, 

no controle de vetores e análise holística de pacientes febris para 

evitar a disseminação viral;  

4. DENV-3 começou a circular em Setembro de 2005 e foi o principal 

causador de dengue durante 2006 e 2007; 
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5. Em 2006, houve a circulação de duas linhagens distintas de DENV-3 

no município e estas tiveram velocidades de propagação diferentes e 

taxas básicas de reprodução diferentes, indicando que foram 

introduzidas no município em épocas distintas; 

6. Áreas socioeconômicas menos favorecidas podem ter um papel 

fundamental na dispersão de um novo sorotipo de DENV e, à medida 

que há a disseminação viral, todas as áreas do município são 

atingidas; 

7. Há a transmissão transovariana de dengue em Aedes aegypti no 

município de São José do Rio Preto; 

8. DENV-3 e DENV-2 foram os sorotipos detectados nos mosquitos em 

2007 e 2008, respectivamente; 

9. O principal sorotipo circulante na epidemia de 2008 foi DENV-2; 

10.  DENV-1 passou a circular em 2008 e foi o causador da epidemia de 

2009; 

11.  O sorotipo detectado mais frequentemente no segundo semestre do 

ano parece ser o sorotipo que vai causar surtos epidêmicos no ano 

seguinte. 
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