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RESUMO 

A capacidade vetorial é um conceito que pode ser representado através de uma fórmula 
matemática composta por diversos parâmetros da biologia de um inseto. A variação 
desses componentes em condições naturais pode apresentar grande influência na 
intensidade de transmissão de um patógeno. A transmissão do vírus dengue no Brasil se 
dá, exclusivamente, pelo mosquito Aedes aegypti, espécie intimamente associada ao ser 
humano. O objetivo principal desta tese foi avaliar a capacidade vetorial de Ae. aegypti 
sob diferentes cenários de laboratório ou de campo, tendo como conseqüência natural a 
melhor compreensão de aspectos básicos da biologia do vetor, enriquecendo assim o 
conhecimento da dinâmica de transmissão do dengue. Apesar de ser comumente 
apontado como tendo baixa capacidade de dispersão, fêmeas de Ae. aegypti, quando 
liberadas em um ambiente sem a presença de barreiras geográficas para limitar seu raio 
de vôo, podem apresentar deslocamento significativo (média de ~300m), o que 
apresenta graves implicações para atividades de controle ao redor de uma notificação de 
dengue. Não só a capacidade de deslocamento, mas também a direção do vôo das 
fêmeas, pode ser influenciada pela disponibilidade de sítios de oviposição e 
hospedeiros. Em Tubiacanga, fêmeas de Ae. aegypti foram coletadas mais 
freqüentemente em áreas com grande disponibilidade de recursos, ao passo que na 
Favela do Amorim este comportamento não foi tão claro. O tamanho de um adulto pode 
influenciar sua capacidade vetorial, uma vez que a sobrevivência e, principalmente, a 
dispersão varia entre indivíduos grandes e pequenos. Áreas metropolitanas são 
heterogêneas, constituindo um mosaico urbano, com áreas de alto-padrão e 
comunidades carentes muito próximas. Aspectos da biologia, tais como determinação 
do criadouro preferencial, dispersão e sobrevivência foram avaliados no bairro da Urca. 
A sobrevivência foi baixa e a dispersão alta, reforçando hipótese que esses parâmetros 
podem variar significativamente em áreas próximas, sugerindo que atividades de 
controle sejam específicas para cada bairro/setor, levando em consideração sua infra-
estrutura urbana, histórico de dengue e criadouro mais produtivo, que na Urca foram 
potes e ralos domésticos. A eliminação do criadouro mais produtivo, por exemplo, 
apresentou grande impacto na densidade populacional de Ae. aegypti, podendo ser uma 
estratégia de controle viável que merece ser avaliada em larga escala. Por outro lado, a 
supressão de todos os tipos de criadouros nas casas positivas não apresentou o mesmo 
resultado, uma vez que a densidade dos mosquitos manteve-se estável durante o período 
de estudo, mesmo apesar das duas intervenções realizadas. Outro parâmetro importante 
para a determinação da capacidade vetorial é a susceptibilidade do mosquito ao vírus 
dengue e o impacto que o agente viral pode ter em sua biologia. Observamos que 
indivíduos infectados apresentam maior mortalidade e menor fecundidade que 
indivíduos do grupo controle, ou seja, livres do vírus. O melhor conhecimento da 
biologia do vetor possibilita a adoção de estratégias racionais e eficientes para o 
controle do Ae. aegypti. 
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ABSTRACT 

Vectorial capacity is a concept that may be represented by a mathematical formula 
composed by several parameters of an insect`s biology. The variation of these 
components under natural conditions may present a high influence on the transmission 
intensity of a pathogen. Dengue virus in Brazil is exclusively transmitted by Aedes 
aegypti, species closely associated with human beings. The main objective of this thesis 
was to evaluate the vectorial capacity of Ae. aegypti under different laboratory and field 
scenarios, leading to a higher  comprehension of basic aspects of vector biology, thus 
enriching knowledge of dengue transmission dynamic. Despite being pointed as having 
limited dispersal capacity, Ae. aegypti females, when released in an environment 
without geographic barriers to constrain their flight range, may exhibit a significant 
displacement (mean of ~300m), an aspect that presents serious implications for control 
activities in the surroundings of a dengue case notification. Besides, female flight 
direction, may also be influenced by the availability of oviposition sites and hosts. In 
Tubiacanga, Ae. aegypti females were collected more frequently in areas with high 
availability of resources, meanwhile this behavior has not been clearly observed in 
Favela do Amorim. Adult size may influence vectorial capacity, since survival and, 
most importantly, dispersal varies between large and small individuals. Metropolitan 
areas are heterogeneous and constitute an urban mosaic, with high income areas and 
poor communities very close each other. Aspects of biology, such as key-container 
determination, dispersal and survival were evaluated in the district of Urca. Survival 
was low and dispersal was high, reinforcing the hypothesis these parameters may vary 
significantly in close areas, suggesting control activities should be specific to each city 
neighborhood/sector, taking into account its urban infra-structure, dengue history and 
key-container, which in Urca were plastic pots and domestic drains. Elimination of key-
container, for example, had a strong impact on Ae. aegypti population density, and 
might be a viable control strategy that deserve to be evaluated in a large-scale program. 
On the other hand, the elimination of all container types in positive houses did not 
present the same result, since mosquito density remained stable during the whole study 
period, despite the two interventions performed. Another important parameter for 
determination of vectorial capacity is the mosquito susceptibility to dengue virus and 
the impact of the viral agent on its biology. We observed infected mosquitoes presented 
higher mortality and lower fecundity than individuals from control groups, i.e., free of 
virus. The better knowledge of vector biology turns possible the adoption of more 
rationale and effective strategies toward Ae. aegypti control. 
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1. INTRODUÇÃO 

 

1.1. Dengue e seu histórico nas Américas e no Brasil 

 

O dengue é uma doença infecciosa cuja incidência pode ser influenciada por 

fatores que podem agir sobre um ou mais de seus três elementos principais: 

hospedeiro vertebrado (seres humanos), vetor (mosquitos) e agente etiológico 

(vírus). Anualmente, estima-se que ocorram 50-100 milhões de infecções pelo 

dengue, com cerca de 2,5 bilhões de pessoas vivendo em países endêmicos (Nathan 

e Nayal-Drager 2007). Se por um lado quase a metade da população mundial 

humana encontra-se sob risco de infecção, os casos de dengue concentram-se nas 

zonas tropicais do planeta, onde seu mosquito vetor encontra-se amplamente 

distribuído (Rigau-Pérez et al. 1998). 

O vírus dengue pertence à Família Flaviviridae e pode se apresentar sob quatro 

diferentes sorotipos (DENV-1, 2, 3 e 4), sorologicamente relacionados mas 

antigenicamente distintos entre si (Teixeira et al. 1999). Acredita-se que os sorotipos 

do vírus dengue tenham evoluído em primatas não-humanos a partir de um ancestral 

comum e tendo sido introduzidos no ciclo urbano há cerca de 500 anos atrás (Wang 

et al. 2000). Apesar de alguns relatos mostrarem que durante o século III pessoas 

adoeceram com sintomas semelhantes ao dengue na China, especula-se que as 

primeiras epidemias de dengue tenham ocorrido durante a segunda metade do século 

XVIII, na Ásia, África e América do Norte (Gubler 1998). Contudo, pode-se 

imaginar que nesta época ainda havia muitas dúvidas a respeito da dinâmica, do 

ciclo e dos agentes envolvidos na transmissão dessa doença. De fato, um avanço 

significativo no conhecimento do dengue foi obtido no início do século XX, mais 

precisamente em 1903, quando Graham descobriu o envolvimento de mosquitos na 
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transmissão de doenças como dengue e febre amarela. Os agentes etiológicos da 

dengue e febre amarela foram denominados vírus, sendo descritos como agentes 

filtráveis e submicroscópicos (Teixeira et al. 1999). Somente cerca de 40 anos 

depois ocorreu o primeiro isolamento do vírus dengue por Kimura, sendo esta cepa 

denominada Mochizuki (Teixeira et al. 1999). A partir de então, a cada vez que uma 

cepa com características antigênicas distintas era isolada denominava-se um novo 

sorotipo, formando-se assim o complexo dengue, que é composto por quatro 

sorotipos: DENV-1, DENV-2, DENV-3 e DENV-4. 

O primeiro relato de dengue nas Américas se deu na Filadélfia, EUA, e data de 

1780. A maior incidência do dengue, excluindo-se o passado recente, foi entre o 

século XIX até as primeiras décadas do século XX, a partir de quando se observou 

um silêncio epidemiológico (Barreto e Teixeira 2008a). Apesar de alguns países 

registrarem surtos nas décadas de 1960 e 1970, um aumento significativo no número 

de casos no continente ocorreu a partir dos anos 1980 (Barreto e Teixeira 2008a). 

Como exemplo, em 1981 ocorreu uma grave epidemia de dengue (DENV-2) em 

Cuba, com milhares de casos hemorrágicos (Kouri et al. 1986). Desde então, assim 

como o Brasil, Cuba passa por ciclos epidêmicos que variam segundo a 

periodicidade, morbidade, mortalidade e sorotipo predominante (Kouri et al. 1998, 

Rodriguez-Roche et al. 2005). Em 2002 observou-se a maior pandemia de dengue no 

continente americano, quando 69 nações foram atingidas, sendo registrados mais de 

um milhão de casos (Barreto e Teixeira 2008a). Atualmente, os quatro sorotipos 

estão presentes nas Américas, cada qual com distribuição geográfica específica, 

desde o sul dos Estados Unidos até a Argentina (WHO 2006). 

O primeiro episódio de uma epidemia com sintomas semelhantes ao dengue no 

Brasil parece ter ocorrido no Rio de Janeiro, em 1846, quando habitantes de outras 
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grandes cidades, como São Paulo e Salvador também apresentaram manifestações 

clínicas similares (Meira 1916). Em 1916 e 1923, foram ainda registrados surtos 

epidêmicos nas cidades de São Paulo e Niterói (Meira 1916, Pedro 1923). Em 1928, 

durante uma epidemia no Rio de Janeiro, registrou-se morte de mais de 450 pessoas de 

doenças cujos sintomas clínicos se assemelhavam ao dengue (Franco 1976). Após a 

intensificação de campanhas de controle ao vetor, que pode transmitir tanto o 

dengue quanto a febre amarela, na primeira metade do século passado, o vírus se 

manteve ausente do Brasil por aproximadamente cinco décadas. Muitos autores 

apontam o ano de 1986 como sendo um marco na epidemiologia e no histórico do 

dengue no Brasil. Entre os anos 80-90, o dengue tornou-se endêmico no país com 

uma epidemia de DENV-1 no Rio de Janeiro, que logo alcançou a Região Nordeste 

(Schatzmayr 2000, Silva et al. 2002). Estima-se que, somente no Estado do Rio de 

Janeiro, tenham sido detectados mais de 93.000 casos em 1986 e 1987 (Schatzmayr 

et al. 1986, Nogueira et al. 1999, Teixeira et al. 1999). 

Em 1990, ocorreu o isolamento viral de mais um sorotipo, o DENV-2, também 

no Rio de Janeiro (Nogueira et al. 2001). A entrada de um novo sorotipo no Brasil 

provoca mais uma onda epidêmica, havendo os primeiros registros de dengue 

hemorrágico, com 1.316 notificações e oito óbitos (Teixeira et al. 1999 apud FNS 

1999). O período inter-epidêmico observado entre as epidemias de 1986 e 1990 

(entre 4-5 anos) tem se repetido entre as mais recentes epidemias na cidade do Rio 

de Janeiro. A melhor explicação para isso reside na entrada de um novo sorotipo 

viral, ou na re-introdução de um sorotipo com baixa circulação no passado recente, 

em uma comunidade de hospedeiros susceptíveis (Focks et al. 1995). Entre 1990 e 

2000, verificou-se circulação viral e epidemias de dengue em grande extensão 

territorial no Brasil. Em 2001, ocorreu a introdução nacional de DENV-3, mais uma 
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vez detectada no Estado do Rio de Janeiro (Nogueira et al. 2001, Nogueira et al. 

2005), provocando, até então, a mais severa epidemia de dengue no Brasil, onde em 

2002 foram registrados 800 mil casos e 150 óbitos (Braga e Valle 2007). A última 

grande epidemia de dengue vivida no Rio de Janeiro ocorreu em 2008, quando 

apenas nos quatro primeiros meses do ano foram registrados mais de 155.000 casos 

e 110 óbitos, sendo que cerca de 50% deles eram crianças (Barreto e Teixeira 2008b, 

Teixeira et al. 2009). Dado a essas peculiaridades, muito tem se falado sobre 

semelhanças no padrão epidemiológico do dengue nas Américas e na Ásia, sendo 

esse o principal assunto de uma recente revisão feita por Teixeira et al. (2009). 

Atualmente, os sorotipos DENV-1, DENV-2 e DENV-3 circulam simultaneamente 

no Estado do Rio de Janeiro e em diversas metrópoles brasileiras (De Simone et al. 

2004, Teixeira et al. 2009). 

 

1.2. Aspectos básicos do vetor do dengue 

 

O vírus dengue pertence a uma classe específica, que recebe o nome de 

arbovírus. Por definição, arbovírus são vírus cuja transmissão se dá às custas do 

hábito hematofágico de alguns artrópodes vetores. Dentre tais vetores, destacam-se 

os mosquitos, insetos dípteros cujo hábito hematofágico é restrito às fêmeas adultas 

(Consoli e Lourenço-de-Oliveira 1994). Fundamentalmente, fêmeas de mosquito se 

aproveitam da ingestão de sangue para que se dê início ao desenvolvimento de seus 

ovaríolos e subseqüente maturação dos ovos. Dentre os arbovírus transmitidos por 

mosquitos estão os vírus dengue e febre amarela (Clements 1999). 

O vírus dengue é transmitido por mosquitos do gênero Aedes (Diptera: 

Culicidae). O processo de transmissão pode ser didaticamente descrito como 
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iniciado quando um mosquito susceptível ingere sangue de uma pessoa infectada 

durante o período de viremia e termina com a inoculação do vírus, através da picada, 

em um hospedeiro humano susceptível. É necessário, porém, um período de 

incubação extrínseco, no qual há intensa replicação viral em diferentes órgãos e 

tecidos do inseto, inclusive sistema reprodutor, o que permite que alguns 

descendentes já nasçam infectados (Salazar et al. 2007). Estima-se que a partir do 

segundo dia após a ingestão de sangue contendo partículas virais, seja possível 

encontrar vírus no intestino de fêmeas de Ae. aegypti (Salazar et al. 2007). A partir 

daí, o vírus dengue se liga a receptores celulares em células-alvo no epitélio do 

intestino do inseto. É relevante notar que a matriz peritrófica não parece constituir 

uma barreira física para a adesão do vírus dengue, uma vez que esta estrutura só 

estará completamente formada mais de um dia após a ingestão do sangue, quando a 

maioria dos vírus já aderiu às células epiteliais (Yazi-Mendoza et al. 2002, 

Lourenço-de-Oliveira 2005). Em um mosquito susceptível, cerca de uma semana 

depois da ingestão do sangue contaminado, a barreira representada pelo intestino 

deverá ter sido atravessada e o vírus dengue já pode ser encontrado em diversos 

tecidos do corpo do mosquito (Lourenço-de-Oliveira 2005, Salazar et al. 2007) Por 

fim, quando o vírus alcança a glândula salivar, é injetado juntamente com a saliva do 

mosquito em um outro vertebrado (Gubler e Kuno 1997). 

O único mosquito comprovadamente transmissor natural do dengue nas 

Américas é o Aedes aegypti (Linnaeus 1762). Esta espécie tem como distribuição 

geográfica atual as regiões tropicais e subtropicais do mundo, compreendidas 

principalmente entre os paralelos 45° N e 35° S (Consoli e Lourenço-de-Oliveira 

1994, Rigau-Pérez et al. 1998), predominando em áreas urbanas e periurbanas 

(Nelson 1986, Braks et al. 2003). Trata-se de uma espécie africana, que foi 
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introduzida pela primeira vez no Brasil e em outros países das Américas 

provavelmente durante o período colonial, concomitante ao tráfico de escravos 

(Christophers 1960, Lounibos 2002). Segundo a literatura, foi erradicado do Brasil 

na década de 1950, mas foi achado em Belém no final dos anos 1960, de onde foi 

teoricamente re-erradicado. Houve nova e definitiva invasão em território nacional 

durante os anos 70, quando foi detectado nas cidades do Rio de Janeiro e Salvador 

(Consoli e Lourenço-de-Oliveira 1994, Vasconcelos et al. 1999, Schatzmayr 2000). 

Assim como as demais espécies de mosquitos, seu ciclo de vida compreende 

quatro estágios de desenvolvimento – ovo, larva, pupa e adulto, sendo que as larvas 

ainda passam por quatro estádios antes de alcançarem o estágio de pupa. Cerca de 3-

4 dias após o repasto sanguíneo, quando há digestão do sangue com conseqüente 

maturação dos ovários e ovogênese, as fêmeas iniciam a busca por um sítio de 

oviposição para realizar a postura de seus ovos (Christophers 1960). As fêmeas de 

Ae. aegypti possuem grande preferência por ovipor em criadouros artificiais, como 

pneus, caixas-d’água e garrafas destampadas (Cunha et al. 2002), depositando seus ovos 

na parte úmida da superfície interna de tais recipientes, acima do nível da água. A saída 

das larvas do interior dos ovos se dá apenas quando o nível da água aumenta e estes são 

submersos. Em condições favoráveis de temperatura e umidade, os ovos podem resistir 

à dessecação e eclodir até 450 dias após a postura, ao serem submersos na água 

(Rezende et al. 2008). Por isso, Ae. aegypti tem sua densidade populacional diretamente 

influenciada pela pluviosidade (Consoli e Lourenço-de-Oliveira 1994). 

O próprio ciclo de vida dos mosquitos, onde há metamorfose dos estágios 

imaturos para a formação do adulto, tem um importante significado evolutivo. Isto 

porque os estágios imaturos destes dípteros são aquáticos e, desta forma, não 

competem por recurso, nicho, alimento ou espaço com as formas adultas, que são 
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aladas. As larvas de Ae. aegypti podem ser encontradas em uma ampla variedade de 

depósitos, dependendo, obviamente, da variedade e da abundância dos diferentes 

tipos de recipientes contendo água na área em que as fêmeas grávidas se encontrem. 

Contudo, podemos dizer que geralmente larvas de Ae. aegypti são encontradas em 

criadouros artificiais contendo água com marcada transparência e com pouca matéria 

orgânica em decomposição. Parte do ciclo de vida de um mosquito, da eclosão dos 

ovos até o surgimento do adulto, dura geralmente entre 7-14 dias, mas esse período é 

largamente influenciado pela disponibilidade de recursos, temperatura, competição 

inter e intra-específica no ambiente larvar (Service 1993, Consoli e Lourenço-de-

Oliveira 1994, Braks et al. 2004). 

Braks et al. (2003) demonstraram que, no Rio de Janeiro, a distribuição, densidade 

e freqüência de Ae. aegypti estão associadas à presença humana, sendo este mosquito 

mais abundante no domicílio e peridomicílio e nas áreas de maior densidade 

populacional humana e baixa cobertura vegetal. Trata-se, portanto, de espécie 

antropofílica e adaptada aos ambientes modificados (Consoli e Lourenço-de-Oliveira 

1994). É um mosquito essencialmente diurno, com picos de atividade hematofágica ao 

amanhecer e no crepúsculo vespertino (Consoli e Lourenço-de-Oliveira 1994). Suas 

fêmeas podem exercer múltiplas alimentações sangüíneas antes de desovar, 

aumentando, assim, as suas chances de contrair e veicular o vírus dengue (Trpis e 

Hausermann 1986, Service 1992, Scott et al. 1993a, 1993b, 2000a, 2000b, Chadee e 

Beier 1997).  
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1.3. Controle 

 

Conceitualmente, controlar uma espécie vetora seria manter sua população natural 

a uma densidade baixa o suficiente para evitar a transmissão e especialmente a 

ocorrência de surtos epidêmicos da doença em questão. A primeira campanha pública 

no Brasil para controlar o mosquito Aedes aegypti foi focada na eliminação de 

recipientes artificiais que poderiam lhe servir de criadouro. É interessante notar que esta 

campanha foi liderada pelo próprio Oswaldo Cruz em 1902, numa tentativa de reduzir 

os níveis de transmissão da febre amarela urbana, também veiculada pelo Ae. aegypti 

(Lowy 1990). Peryassu (1908) descreve em detalhes experimentos de campo e 

laboratório levados a efeito para melhor conhecer a biologia e o comportamento desse 

vetor e melhor subsidiar as campanhas da primeira década do século XX (Lourenço-de-

Oliveira 2008). Entre as décadas de 1920 e 1940, o controle do Ae. aegypti no Brasil 

ganhou um contorno inusitado, com a participação da Fundação Rockefeller (Braga e 

Valle. 2007). Esta Fundação foi criada em 1913 nos Estados Unidos, com a missão de 

promover, no exterior, o estímulo à saúde pública, ao ensino, à pesquisa e à filantropia. 

A Fundação Rockefeller é ainda caracterizada como uma associação beneficente e não-

governamental, que utiliza recursos próprios para realizar suas ações em vários países 

do mundo, com ênfase naqueles considerados subdesenvolvidos. Daí pode-se observar a 

participação desta Fundação em campanhas de erradicação do Ae. aegypti não somente 

no Brasil, mas em toda a América. 

Em 1947, a Organização Mundial da Saúde (OMS) em conjunto com a 

Organização Pan-Americana de Saúde (OPAS) iniciou a coordenação de um programa 

que visava a erradicação do Ae. aegypti da América do Sul (Soper 1965). A iniciativa 

foi bem-sucedida, uma vez que o Ae. aegypti foi erradicado de quase toda a América, à 
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exceção de Estados Unidos, Venezuela, Suriname e alguns países da América Central 

(Soper 1965). Acredita-se que o Brasil alcançou a erradicação completa deste vetor em 

1955, quando o último foco do mosquito foi extinto na zona rural de Santa Terezinha, 

Bahia (Franco 1976). Após mais um episódio de re-introdução e erradicação do Ae. 

aegypti entre o final dos anos 1960 e início dos anos 1970, foram confirmadas re-

introduções, provavelmente devido ao insucesso na erradicação do vetor em países 

vizinhos. A partir deste ponto, o mosquito não foi mais erradicado, passando inclusive a 

ser endêmico em grande parte do território nacional. Em julho de 2001 a Fundação 

Nacional de Saúde reviu a meta de erradicação do Ae. aegypti do país, concentrando 

esforços no controle do vetor, ou seja, passou a procurar evitar que sua densidade 

populacional atingisse patamares que suportem aumento significativo no número de 

casos de dengue. 

Atualmente, a prevenção e o controle do dengue no Brasil são realizados de forma 

integrada, atendendo a vários aspectos da doença, como combate ao vetor, assistência 

básica a pacientes e políticas governamentais de saneamento básico (PNCD 2002). De 

fato, a maior parte dos países da América Latina adota um programa conhecido como 

Estratégia de Gestão Integrada, que se baseia na participação da comunidade, na 

educação sanitária e na coordenação de atividades intersetoriais (San Martín e 

Brathwaite-Dick 2007). No Brasil, as atividades de controle integrado encontram-se 

ligadas ao Programa Nacional de Controle da Dengue (PNCD), que tem o combate ao 

vetor como um de seus componentes (PNCD 2002). Assim, uma das ferramentas 

utilizadas na vigilância do vetor consiste na visita de casas aleatoriamente selecionadas 

em busca de imaturos de Ae. aegypti (MS 2005). Essa metodologia é praticada por 

diversos municípios brasileiros entre quatro e seis vezes ao longo do ano, sendo que em 

cada momento visitam-se cerca de 250 casas por extrato de 8000-12000 residências 
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(Coelho et al. 2008). Posteriormente, espera-se que os índices gerados pela atividade de 

vigilância resultem em intensificação das atividades de controle, principalmente nas 

áreas onde são detectadas as maiores freqüências de Ae. aegypti, medida e quantificada 

a partir de índices de infestação, que correlacionam a abundância de mosquitos 

(imaturos ou adultos) com uma área geográfica (casa, quarteirão, bairro ou extrato) ou 

com abundância de hospedeiros vertebrados (seres humanos). 

Apesar de ser um inseto com complexo ciclo de vida, apresentando metamorfose 

completa, existem diversas alternativas para o controle do Ae. aegypti, seja em sua 

forma imatura ou alada. Para isso, é possível utilizar compostos xenobióticos (controle 

químico), outras espécies de seres vivos (controle biológico), Ae. aegypti transgênicos 

(com liberação em campo de mosquitos inférteis ou incapazes de transmitir patógenos) 

ou provocar alterações em seu habitat (controle mecânico).  

 

1.3.1. Controle químico  

Nesta possibilidade de controle empregam-se produtos químicos com o objetivo 

de provocar a incapacidade ou a morte de insetos vetores. Com efeito, o uso de 

inseticidas é uma das metodologias mais adotadas como parte do manejo sustentável e 

integrado no controle de vetores (Rose et al. 2001). O inseticida mais notório com 

propriedades residuais a ser utilizado em Saúde Pública foi o organoclorado DDT, 

desenvolvido durante a Segunda Guerra Mundial (Rozendaal 1997). Contudo, algumas 

restrições ao uso do DDT foram impostas devido ao seu acúmulo em tecidos animais 

(Chen e Rogan 2003). 

Os inseticidas químicos podem ser divididos de acordo com sua classe, sendo que 

os principais produtos pertencem às classes dos organoclorados, carbamatos, 

organofosforados e piretróides, todos atuando no sistema nervoso central dos insetos 
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(Beaty e Marquadt 1996). Desde então, os inseticidas se tornaram mais uma opção para 

o combate de pragas agrícolas e vetores de doenças, sendo bastante usados na área de 

Saúde Pública (Braga e Valle 2007b).  

Contudo, o uso continuado e irrestrito de inseticidas tem provocado o 

aparecimento de populações resistentes, causando sérios problemas para a gestão 

integrada no controle de vetores. O emprego constante de inseticidas numa população 

natural selecionaria os indivíduos que, por acaso, tenham alelos associados a resistência. 

Dessa forma, na geração seguinte, a freqüência dos genes resistentes aumentaria na 

população natural, uma vez que com a aplicação do inseticida as fêmeas resistentes 

teriam maior sucesso reprodutivo do que as susceptíveis. Assim, pode-se dizer que o 

uso indiscriminado de inseticidas pode favorecer a disseminação da resistência em uma 

população natural outrora susceptível, tornando o controle de vetores mais árduo e 

laborioso, pois a eficácia do produto estaria comprometida (Rousch e McKenzie 1987, 

ffrench-Constant 2007). 

A resistência a inseticidas é definida como a habilidade de uma população tolerar 

uma dose de inseticida que, em condições normais, causaria sua morte (Braga e Valle 

2007b). No Brasil, podemos verificar o aparecimento de resistência a inseticidas de 

diferentes classes em populações naturais (Macoris et al. 1999, Lima et al. 2003, Braga 

et al. 2004, Cunha et al. 2005, Montella et al. 2007, Martins et al. 2009). Sendo assim, 

decisões estratégicas sobre qual inseticida usar, com qual periodicidade, se apenas 

durante epidemias e quais os mecanismos de resistência envolvidos em populações 

naturais consistem grande responsabilidade. 
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1.3.2. Controle Biológico 

O controle biológico de mosquitos vetores envolve a introdução no ambiente de 

seus inimigos naturais, tais como predadores, parasitos ou organismos patogênicos. 

Nessa situação podemos incluir peixes, outros insetos, protozoários, bactérias, fungos e 

até mesmo crustáceos (Rozendal 1997). A grande vantagem em relação ao controle 

químico o efeito não poluente ao ambiente, desde que sejam utilizadas apenas espécies 

nativas. Por outro lado, sua eficácia depende da criação em massa da população que vai 

exercer o controle, o que às vezes pode comprometer o planejamento em campo.  

O uso correto dessa ferramenta de controle necessita conhecimento da biologia 

básica do inseto a ser controlado e também da espécie que vai controlar a população 

vetora (Rozendal 1997). De qualquer modo, dentre as possibilidades existentes para 

controle biológico, algumas se destacam pela sua eficácia em laboratório e, mais 

importante, em populações de campo. 

 

1.3.2.1. Peixes 

Podem ser utilizados para o controle de imaturos, se adicionados aos criadouros 

naturais de Ae. aegypti, por exemplo.  Diferentes espécies de peixes foram utilizadas 

para o controle de larvas de Ae. aegypti em ambientes naturais (Nelson et al. 1992, 

Fletcher et al. 1993, Nam et al. 2000, Lardeux et al. 2002). Peixes são adicionados 

geralmente a grandes depósitos artificiais, como caixas d’água, tonéis e cisternas, sendo 

utilizados como alternativas de controle biológico em países como Nicarágua, México e 

no Sudeste Asiático (Wu et al. 1987, Takagi et al. 1995, Sharma et al. 1997, Nam et al. 

2000, Martinez-Ibarra et al. 2002). No Brasil, o papel dos peixes como agentes de 

controle biológico de larvas de Ae. aegypti ainda é pouco conhecido. Alguns ensaios em 
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laboratório mostraram que dentre cinco espécies nativas no Ceará, Betta splendens se 

mostrou capaz de predar até 523 larvas por grama por dia (Cavalcanti et al. 2007). 

 

1.3.2.2. Bactérias 

A bactéria mais utilizada para o controle de Ae. aegypti corresponde ao larvicida 

Bacillus thuringiensis var israelensis (Bti), que provoca a morte dos imaturos após sua 

ingestão (Rozendaal 1997). O Bti é particularmente útil em populações que apresentem 

altos níveis de resistência aos inseticidas químicos (Rozendaal 1997). No Brasil houve a 

troca de um larvicida químico (temephos) por Bti em áreas consideradas críticas (Braga 

e Valle 2007b). Contudo, as formulações existentes de Bti, disponíveis para utilização 

em larga escala, apresentam menor persistência no ambiente quando comparado ao 

temephos (Braga e Valle 2007b). 

 

1.3.2.3. Fungos 

O uso de fungos entomopatogênicos para o controle de mosquitos já foi tema de 

diversos estudos (Alves et al. 2002, Scholte et al. 2007). No Brasil, os fungos têm sido 

utilizados basicamente em ensaios controlados de laboratório, apresentando, no entanto, 

respostas promissoras, em particular a espécie Metarhizium anisopliae (de Paula et al. 

2008, Pereira et al. 2009). Diversas espécies de fungo já foram utilizadas como agente 

biológico para o controle de várias espécies de mosquito, seja em condições de 

laboratório ou em ensaios controlados em campo (ver Scholte et al. 2004 para uma 

revisão). Para Ae. aegypti resultados promissores foram alcançados quando larvas de 

primeiro e segundo estádios foram expostas aos fungos Leptolegnia chapmanii 

(McInnis e Zattau 1982), Lagenidium giganteum (McCray et al. 1973). Contudo, 

atualmente o papel dos fungos no controle de mosquitos é avaliado principalmente 
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através de modelos e simulações ao invés de experimentos de campo (Bargielowski e 

Koella 2009). 

 

1.3.2.4. Crustáceos 

O uso de crustáceos no controle de Ae. aegypti é conhecido e praticado desde os 

anos 1980 em países do sudeste asiático, principalmente Vietnam e Tailândia. Em 1995, 

a Organização Mundial de Saúde redesenhou o plano estratégico de monitoramento e 

controle de Ae. aegypti no Vietnam, iniciando uma campanha com resultados muito 

satisfatórios (Kay et al. 2002). Em 1998, foi mostrada a erradicação de Ae. aegypti em 

uma vila vietnamita usando o copépodo Mesocyclops spp. (Nam et al. 1998). A 

combinação de aplicação de Mesocyclops em grandes depósitos aliada a maior 

sensibilização da comunidade para redução de criadouros se mostrou bem sucedida 

(Nam et al. 1998). Posteriormente, foram realizados estudos em áreas com maior 

abrangência geográfica, no que seriam três províncias no Vietnam (Kay et al. 2002). 

Após consecutivos sucessos no combate ao Ae. aegypti, o uso dos copépodos passou a 

ser feito em maior escala, contemplando diversas províncias ao longo do Vietnam (Kay 

e Nam 2005). Nesse momento, essa estratégia estava sendo utilizada em 37 províncias, 

sendo que o Ae. aegypti foi considerado erradicado em 32 delas, correspondendo a uma 

taxa de 87% de sucesso (Kay e Nam 2005). 

Apesar dos excelentes resultados alcançados no Vietnam, no Brasil há poucos 

estudos sobre o papel de copépodos como agentes de controle de Ae. aegypti. No início 

dos anos 1990 foram realizados alguns testes controlados para avaliar a capacidade 

predatória de quatro linhagens de Mesocyclops naturalmente encontrados e coletados 

em criadouros de Fortaleza (Kay et al. 1992). Contudo, curiosamente, não foram 
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realizadas futuras avaliações em campo para determinar o real impacto desses 

copépodos na população de Ae. aegypti no Ceará. 

 

1.3.3. Controle genético 

O controle genético de Aedes aegypti tem sido proposto recentemente como mais 

uma alternativa de controle do mosquito. Para isso, é possível adotar duas estratégias 

distintas: a supressão ou a substituição da população selvagem pela transgênica. Em 

uma das mais divulgadas metodologias, o princípio baseia-se na soltura em massa de 

machos que possuam um gene dominante letal responsável pela morte da prole de 

fêmeas selvagens que copularem com esse macho transgênico liberado (Thomas et al. 

2000, Alphey 2002, Alphey e Andreasen 2002). Acredita-se que, após algumas 

gerações, a população natural do vetor terá sido reduzida a um nível que a transmissão 

do dengue seja inexistente ou muito baixa (Atkinson et al. 2007). Para se alcançar a 

substituição das populações, seria necessário aumentar o número de indivíduos soltos 

em cada evento de soltura e diminuir a periodicidade entre esses eventos (Atkinson et 

al. 2007). Contudo, a inexistência de avaliações de campo dessa ferramenta dificulta o 

julgamento de sua real eficácia para o controle. 

 

1.3.4. Controle mecânico 

Nesta modalidade de controle, após determinação de índices de infestação em uma 

dada área, procura-se modificar o ambiente de modo a reduzir a densidade populacional 

de Ae. aegypti e, consequentemente, o número de casos de dengue, como detalharemos 

a seguir. 
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1.3.4.1. Índices de infestação 

Muitos índices de infestação já foram descritos, sendo atualmente utilizados para 

monitorar a densidade populacional de Ae. aegypti em termos de transmissão do 

dengue, embora nem sempre se consiga determinar correlação direta entre índices e o 

risco de transmissão ou epidemia de dengue. Independente do índice em questão, todos 

se baseiam na quantificação de Ae. aegypti em uma determinada área geográfica, 

possibilitando assim que ocorra intensificação de atividades de controle nesta região. 

Historicamente, maior atenção foi dada ao encontro de formas imaturas ao invés de 

adultos. Os três índices mais utilizados pelos serviços de saúde são: Índice de 

criadouros (IC) – percentual de criadouros contendo imaturos de Ae. aegypti; Índice de 

Infestação Predial (IIP) – percentual de casas positivas para imaturos de Ae. aegypti; e 

Índice de Breteau (IB) – número de criadouros positivos por 100 casas inspecionadas 

(Connor e Monroe 1923, Breteau 1954).  

O IIP foi utilizado durante décadas, e seus resultados nortearam campanhas de 

controle e erradicação do Aedes como aquelas vistas nas Américas entre as décadas 

1920-50 (Soper 1965). Entretanto, com o aparecimento do IB em 1954, este passou a 

ser mais utilizado, ou mesmo usado simultaneamente ao IP, pois apresentava maior 

detalhamento da infestação em uma dada área do que o IP (Sheppard et al. 1969). 

A partir da avaliação de padrões de infestação de Ae. aegypti realizados em 

diversas cidades do mundo para determinar e comparar os três índices até então mais 

utilizados (IC, IP, IB), a OMS desenvolveu um novo índice, que ficou conhecido como 

WHO Density Figures (WHO 1973 apud Service 1994). Nesse índice, a OMS tabulou, 

buscou correlações entre os índices e ainda os equiparou, gerando uma escala que 

variava de pouco a alto risco de transmissão (Service 1994). O significado 

epidemiológico deste novo índice foi avaliado durante uma epidemia de febre amarela 
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no Senegal em 1965, onde as áreas com densidade maior que 5 (equivalente a um IC 

entre 15-20, IP entre 29-37 e IB entre 35-49) foram apontadas como tendo alto risco, 

enquanto que áreas com densidade 1 provavelmente estariam livres de epidemias de 

febre amarela (WHO 1973). Entretanto, ainda não foram propostos valores críticos de 

índice de infestação e de risco de transmissão específicos para o dengue, sendo que os 

valores originados para febre amarela ainda são aplicados no controle do dengue (Chan 

1985 apud Tun-Lin et al. 1996). Um dos principais problemas para o estabelecimento de 

valores críticos de risco de transmissão do dengue reside em limitações dos índices de 

infestação tradicionais, como não levar em consideração o número de pupas por tipo de 

criadouro (Focks et al. 1981, Tun-Lin et al. 1995a). 

 

1.3.4.2. Produtividade de criadouros 

Por produtividade de criadouros entende-se o número de pupas encontrado em 

cada tipo de depósito no momento do inquérito de campo, tendo as larvas papel 

secundário na determinação da infestação e na classificação de risco de cada área 

(Focks et al. 1981, Tun-Lin et al. 1995a). Tome-se como exemplo, dois diferentes tipos 

de criadouros, um vaso de planta que comumente possui pouca água pode ter várias 

larvas, mas raramente produz pupas e adultos devido à constantes trocas de água, dentre 

outros fatores, ao passo que uma caixa d’água descoberta, na sombra, pode suportar a 

produção de elevada quantidade de adultos (Focks e Chadee 1997). Observações de 

campo em Bangkok comprovam esta idéia, ao mostrar que o tipo de criadouros mais 

produtivo gerou 23 vezes mais adultos que os menos produtivos (Southwood et al. 

1972). Em uma localidade do Rio de Janeiro foi observada uma situação ainda mais 

drástica: o criadouro mais produtivo apresentou até 206 vezes mais pupa do que o 

menos produtivo (Maciel-de-Freitas et al. 2007). Além disso, acredita-se que devido à 
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diferente mortalidade larval observada em cada tipo de criadouro, apenas o número de 

pupas coletado pode apresentar correlação com a densidade de adultos numa localidade 

(Focks et al. 1981; Braks et al. 2003; Honório et al. 2006). Observou-se, assim, que os 

índices que até então vinham sendo rotineiramente utilizados (IC, IP e IB) eram 

insuficientes para gerar um “retrato” fidedigno da infestação da localidade estudada, 

pois apresentavam baixa capacidade de predizer o surgimento de epidemias (Focks e 

Chadee 1997), desconsideravam a diferente produtividade de cada tipo de criadouro em 

função do tempo (Focks et al. 1981; Tun-Lin et al. 1995a) e, ocasionalmente, podiam 

apresentar baixa relação com a densidade de mosquitos adultos (Focks et al. 1981). 

Com isso, Focks e Chadee (1997) formularam novos índices de infestação: (a) 

pupa por pessoa (número total de pupas coletadas sobre o número de habitantes da área) 

e (b) pupa por hectare (número de pupas coletadas por hectare inspecionado). Por 

combinar dados entomológicos e epidemiológicos de uma dada área, os autores 

acreditam que esses índices apresentem maior robustez e confiabilidade para predizer o 

surgimento de novas epidemias de dengue (Focks et al. 2000, Schneider et al. 2004, 

Morrison et al. 2004, Barrera et al. 2006). 

A partir de um estudo realizado na cidade de Nova Orleans, nos Estados Unidos, 

observou-se que determinados tipos de criadouros albergavam maior quantidade de 

pupas de Ae. aegypti em relação aos demais (Focks et al. 1981). A partir deste trabalho, 

cunhou-se o termo criadouro-chave ao depósito que continha maior quantidade de 

pupas, apresentando elevada produtividade em comparação com os demais. O principal 

objetivo em se descobrir o criadouro mais produtivo em uma localidade seria realizar 

subseqüentes atividades de controle com maior foco e menor custo. A partir daí, uma 

série de estudos mostrou a ocorrência de criadouros-chave ao redor do mundo, sendo 

que cada região pareceu apresentar um determinado tipo de depósito como o mais 
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produtivo. Em Queensland, Austrália, tanques de água foram os mais produtivos (Tun-

Lin et al. 1995a); na Tailândia, vasos de planta (Kittayapong e Strickman 1993); em 

Trinidad, pequenos recipientes abandonados (Focks e Chadee 1997); e em Iquitos, Peru, 

depósitos plásticos (Schneider et al. 2004a). Essa variação no status de criadouro mais 

produtivo também pôde ser observada em duas localidades numa mesma cidade: no Rio 

de Janeiro. Em Tubiacanga, bairro da Ilha do Governador (com nível sócio-econômico 

intermediário), as caixas d’água foram mais produtivas tanto na estação seca quanto na 

chuvosa. Já na Favela do Amorim, comunidade de Manguinhos vizinha ao campus da 

Fiocruz (com baixo nível sócio-econômico), caixas d’água também foram as mais 

produtivas na estação chuvosa, embora na estação seca os vasos de planta tenham sido 

apontados como os mais produtivos (Maciel-de-Freitas et al. 2007a). 

Em um recente estudo multicêntrico idealizado pela Organização Mundial de 

Saúde em nove países endêmicos para dengue, observou-se que a pesquisa casa a casa 

para coleta de pupas seria o método mais recomendado para fornecer subsídios para 

futuras atividades de controle mais focadas e eficientes (WHO 2006). Independente do 

tipo de criadouro mais produtivo, espera-se que a sua eliminação resulte em uma 

redução da população de adultos correspondente à produtividade do criadouro. 

Entretanto, essa hipótese ainda não foi testada experimentalmente, mas através de 

modelos matemáticos e simulações onde após um inquérito de campo, retira-se um 

determinado criadouro (Scott e Morrison 2003). Em um recente estudo multicêntrico 

publicado por Tun-Lin et al. (2009), os autores compararam a eficiência, o resultado e 

os custos de intensificar o controle somente nos criadouros mais produtivos, que 

produziram mais de 55% das pupas no inquérito de campo, ou atuar de forma uniforme 

em todos os tipos de depósitos. Com uma única avaliação, realizada cinco meses após o 

início das atividades de controle, os autores concluíram que focar o controle no 
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criadouro mais produtivo apresenta resultado satisfatório, pois é menos laborioso, 

oneroso e tem resultados semelhantes ao obtido quando todos os depósitos são tratados 

(Tun-Lin et al. 2009).   

 

1.3.4.3. Casas-chave 

Assim como a classificação do que seriam os criadouros chave gerou a 

possibilidade de direcionar os esforços de controle, um novo avanço foi alcançado com 

a definição do que seriam casas-chave (Tun-Lin 1995b). De acordo com Tun-Lin et al. 

(1995b), casas-chave seriam os domicílios que apresentassem três ou mais criadouros 

positivos, não importando se tiverem apenas larvas ou larvas e pupas. Durante os anos 

de 1989 e 1990, foram conduzidas pesquisas sobre casas-chave em três localidades da 

Austrália, onde todos os domicílios eram vistoriados. Observou-se que cerca de 5% dos 

domicílios positivos eram casas-chave, onde estariam sendo produzidos entre 44,4 e 

52,9% dos imaturos daquela localidade (Tun-Lin et al. 1995b). Entretanto, o conceito de 

casas-chave cunhado por Tun Lin et al. (1995b) talvez não apresente a importância 

epidemiológica esperada. Por exemplo, uma casa com três depósitos positivos, mas com 

cada um contendo apenas uma larva, seria denominada de chave. Por outro lado, uma 

casa que apresentasse um único criadouro positivo muito produtivo com, digamos 300 

pupas, não seria classificada como sendo chave, o que conotaria menor importância 

epidemiológica em comparação com a primeira. Somado a isso, existem os imóveis 

comerciais, públicos ou até mesmo abandonados, que podem servir como focos 

geradores de mosquitos, mantendo sempre alto o nível de infestação de uma localidade, 

como borracharias, terrenos baldios e cemitérios que não são considerados neste 

conceito (Honório et al. 2009). Contudo, assim como não se sabe se a supressão dos 

criadouros chave leva a redução de adultos como na hipótese descrita acima, não se 
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sabe se ações focadas na supressão de criadouros nas casas mais produtivas (aquelas 

que possuam elevado número de pupas) resultariam na redução da população de adultos 

em razão semelhante à produtividade destas casas. 

Em quatro áreas residências de Trinidad, casas-chave foram apontadas como 

sendo muito produtivas hipoteticamente apresentando importante papel na re-infestação 

das áreas estudadas poucos meses após o tratamento com o inseticida temephos (Chadee 

2004). Entretanto, ainda se desconhece como o conceito de casas-chave (três ou mais 

depósitos com imaturos de Ae. aegypti) seria de valor na vigilância e controle do dengue 

no Rio de Janeiro. E mesmo não se sabe se as casas assim classificadas segundo 

conceito de Tun-Lin et al. (1995b) se comportariam quanto à ocorrência, produtividade 

e à manutenção da população de adultos de Ae. aegypti entre estações seca e chuvosa no 

Rio de Janeiro. Além disso, e talvez mais importante do ponto de vista epidemiológico, 

seria avaliar o possível papel das casas-chave na distribuição espacial de fêmeas adultas 

de Ae. aegypti. 

 

1.3.4.4. Índice de Condição da Casa (Premise Condition Index) 

Uma importante limitação enfrentada pelos agentes de saúde no controle do 

dengue reside na recusa do morador em permitir a sua entrada na residência (Nathan 

1993). De fato, esse problema parece agravado em áreas com maior poder aquisitivo de 

grandes cidades, onde provavelmente devido à insegurança, os moradores não cooperam 

como poderiam. 

Como uma tentativa de contornar este problema, pesquisadores australianos 

desenvolveram uma ferramenta conhecida como PCI, sigla para Índice de Condição da 

Casa (Premisse Condition Index). A grande vantagem desse índice seria permitir que 

agentes de saúde estabeleçam, apenas visualmente, ou seja, sem entrar na casa, 
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situações de risco de infestação das casas analisadas (Tun-lin et al. 1995). Esse índice 

consiste no somatório de notas dadas para três tributos em cada casa avaliada: condição 

da casa, condição do jardim e nível de sombra (Tun-Lin et al. 1995). Cada um desses 

atributos recebe uma nota entre 1 e 3 e, desta forma, o PCI de uma casa pode variar 

entre 3 e 9. Notas finais (após o somatório dos três quesitos envolvidos) mais baixas são 

dadas quando a situação desfavorece o ciclo de vida do Ae. aegypti, ao passo que notas 

altas são dadas sempre que a condição observada favoreça a proliferação do mosquito. 

A condição da casa era classificada como 1 se era bem mantida, como se houvesse sido 

recentemente pintada ou construída, como 2 se a manutenção fosse razoável e como 3 

se estivesse mal conservada, com paredes descascando, dilapidada ou com itens 

quebrados visíveis, tais como telhas e janelas. A partir de uma pesquisa de campo 

envolvendo visita a cerca de 850 residências em Queensland, Austrália, observou-se que 

casas com notas altas em condição de jardim e nível de sombra apresentavam cerca de 

três vezes mais chance de serem positivas do que casas com notas baixas (Tun-Lin et al. 

1995). No Brasil, o PCI foi utilizado uma única vez, no município de Botucatu, São 

Paulo. Nesse estudo, os autores instalaram ovitrampas (Fay e Eliason 1966) no 

peridomicílio de casas escolhidas aleatoriamente e mostraram que casas com altos PCI 

(8 e 9) apresentaram 65% de ovitrampas positivas (Nogueira et al. 2005). Por outro 

lado, casas com PCI baixo (3 e 4) tiveram apenas 19% de suas ovitrampas positivas, 

reforçando a possível relação entre a má qualidade de conservação de imóveis e a 

infestação por Ae. aegypti (Tun-Lin et al. 1995, Nogueira et al. 2005). Contudo, a 

metodologia alternativa do PCI ainda carece de informações básicas antes de ser 

aplicada em larga escala em campo, tais como saber se há relação entre o valor do PCI e 

(a) o número de focos, (b) a produtividade dos criadouros nestas casas e (c) a densidade 

de fêmeas adultas de Ae. aegypti.  
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1.4. Armadilhas: controle versus monitoramento 

 

Atualmente, a maneira mais eficiente de reduzir a transmissão do dengue é através 

do controle do vetor Aedes aegypti, mosquito endófilo e antropofílico (OMS 2001). 

Sendo assim, um dado importante para o controle é o conhecimento, no tempo e espaço, 

da densidade populacional desta espécie antes e durante epidemias (Service 1993). É de 

interesse que se saiba estimar o limite crítico da densidade de mosquitos adultos para 

que não se inicie uma epidemia, de modo que as ações de controle sejam feitas 

localmente nos momentos exatos. No Brasil, o monitoramento do Ae. aegypti é feito 

através de pesquisas de formas imaturas, essencialmente larvárias, realizadas entre 

quatro e seis vezes ao ano, gerando os índices de infestação já descritos anteriormente 

(Braga et al. 2000). Esses ciclos são geralmente feitos em amostragem de cerca de 5-

15% dos imóveis em um determinado extrato urbano, numa ferramenta denominada de 

Levantamento de Índice Rápido de Aedes aegypti (LIRAa). Contudo, esse método é 

pouco sensível, laborioso e ainda está sujeito à eficiência do guarda de endemias e à 

permissão do morador em autorizar a inspeção em toda a sua casa e à representatividade 

da amostragem. Esses fatores somados podem resultar em alto índice de pendência ou 

ainda na elaboração de índices de infestação imprecisos e pouco confiáveis (Focks e 

Chadee 1997, Focks 2003). 

Recentemente, tem havido grande interesse tanto da comunidade científica e 

acadêmica quanto do poder público no desenvolvimento de novas ferramentas que 

auxiliem na determinação de índices de infestação, mais robustos e precisos, focados na 

população adulta e preferencialmente de fêmeas do vetor (Focks 2003). No entanto, o 

desenvolvimento de produtos para capturar mosquitos, principalmente o Ae. aegypti, já 
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vem de longa data (para uma revisão, consultar Service 1993). Uma armadilha muito 

utilizada em campo é a ovitrampa, armadilha desenhada para a coleta de ovos em 

paletas de madeira, que pode usar água fenada como atraente (Fay e Eliason 1966). Mas 

no Brasil houve um avanço tardio, onde maior variedade desses artefatos começou a 

aparecer no mercado somente no início deste século.  

No Brasil houve recentemente o desenvolvimento de duas armadilhas desenhadas 

para a captura de fêmeas grávidas de Ae. aegypti: MosquiTRAP e Adultrap. A 

MosquiTRAP se utiliza de um atraente de oviposição sintético, ao passo que a Adultrap 

utiliza primariamente água, embora também possa utilizar infusão de feno como 

atraente. 

A avaliação da eficiência dessas armadilhas em condições de campo pode resultar 

em um importante avanço ao controle do Ae. aegypti, além de fornecer subsídios para o 

Programa Nacional de Controle da Dengue (PNCD). Com efeito, a MosquiTrap vem 

sofrendo avaliações continuadas por parte do citado programa (PNCD), com realização 

de estudos de laboratório e de campo, em várias cidades das diversas regiões brasileiras. 

Por outro lado, a Adultrap vem sendo testada em condições de campo, em localidades 

essencialmente do Paraná. Tanto a MosquiTRAP quanto a Adultrap têm sido avaliadas 

de forma isolada e em áreas distintas, o que inviabiliza uma comparação mais refinada 

entre os dois modelos (Donatti e Gomes 2005, Fávaro et al. 2006, Gomes et al. 2007). 

As duas armadilhas buscam capturar fêmeas grávidas de Ae. aegypti em uma 

determinada população. O objetivo principal de utilização das armadilhas como 

ferramenta de vigilância é direcionar atividades de controle, tais como redução de 

criadouros e/ou aplicação de inseticidas, para áreas onde fêmeas adultas do vetor 

tenham sido capturadas com maior freqüência. Entretanto, o papel de armadilhas no 
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controle ao mosquito é questionável, tendo maior papel no monitoramento do tamanho 

da população de adultos. 

 

 

1.5. Capacidade Vetorial 

 

Na entomologia médica, muito do que hoje é aplicado aos vetores da dengue foi 

descoberto através de estudos com os anofelinos, vetores da malária. Um conceito 

importante em epidemiologia, desenvolvido para malária e atualmente largamente 

utilizado por pesquisadores em dengue é o de capacidade vetorial (Dye 1986, 1990). 

Teoricamente, este conceito é definido como sendo o número médio de contatos 

potencialmente infectivos feitos entre uma população de mosquitos por pessoa infectada 

em função do tempo (Garret-Jones 1964). Em outras palavras, a capacidade vetorial 

avalie a habilidade de um mosquito ou de uma população em transmitir determinado 

patógeno a uma população susceptível (Klempner et al. 2007). A capacidade vetorial 

pode influenciar a taxa de reprodução básica (R0) de uma doença, que significa o 

número médio de casos secundários a partir de um caso primário numa população de 

hospedeiros susceptíveis (Service 1993).  

A capacidade vetorial de uma população pode ser expressa através de uma 

fórmula matemática, em que a variação de seus componentes influencia de diferente 

forma seu valor final: 

 

                                                         CV = mbca2 Pn 
                  – Ln (P) 
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Onde a é o número de picadas por ser humano por dia; b é a probabilidade que um 

mosquito infectado tem de transmitir o parasito ao picar um hospedeiro humano 

susceptível; c é a probabilidade que um mosquito tem de se infectar com o parasito 

enquanto pica um hospedeiro humano infectado; m é o número de fêmeas de mosquito 

por pessoa, n é a duração do período extrínseco de incubação do parasito; P é a taxa de 

sobrevivência diária do mosquito e CV é sua capacidade vetorial. 

Recentemente, foi demonstrado que a duração do período extrínseco de incubação 

do vírus e a taxa de sobrevivência diária do mosquito vetor são os parâmetros mais 

importantes em modelos matemáticos de transmissão do dengue (Luz et al. 2003). 

Contudo, algumas ponderações devem ser feitas ao extrapolar o conhecimento 

alcançado no campo da malária para o campo do dengue, uma vez que os agentes 

envolvidos (parasitos e vetores) possuem características bastante distintas. Além 

disso, algumas características importantes da biologia do vetor que podem 

influenciar a intensidade e/ou a distribuição da transmissão não são contemplados na 

fórmula atual, tais como a dispersão, duração e concordância do ciclo gonotrófico, 

tamanho da fêmea e a transmissão vertical do vírus em populações naturais. 

 

 

 

1.5.1 Período de incubação extrínseco 

Chama-se de período de incubação extrínseco (PIE) o tempo decorrido da 

alimentação sanguínea da fêmea do mosquito em um hospedeiro virêmico até a chegada 

do vírus à glândula salivar do mosquito. Teoricamente, acreditava-se que, no sistema 

Ae. aegypti/vírus dengue, este período dure cerca de 10-14 dias (Gubler e Kuno 1997). 

Contudo, foi visto mais recentemente que a partir do quarto dia pós-infecção alguns 
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mosquitos já portavam vírus dengue em suas glândulas salivares (Salazar et al. 2007). 

Assim como em outras arboviroses, a dinâmica da replicação do dengue em mosquitos 

infectados oralmente é dependente da temperatura ambiente, das cepas do mosquito e 

do vírus e do título viral do repasto sanguíneo (Rodhain e Rosen 1997). Até poucos dias 

após a ingestão do sangue virêmico, a replicação do vírus fica limitada às células do 

intestino médio, invadindo, em seguida, o proventrículo, corpos gordurosos, hemócitos 

e tecidos nervosos. Posteriormente, o vírus pode ser encontrado em grandes quantidades 

no cérebro, gânglios nervosos torácicos e abdominais e glândula salivar, além dos 

órgãos já supracitados (Rodhain e Rosen 1997, Salazar et al. 2007). 

Acredita-se que a temperatura desempenhe um papel central na determinação do 

PIE, em muito baseado no artigo de Watts et al. (1987). Em experimentos destes 

autores, o PIE durou 12 dias em mosquitos mantidos a temperaturas constantes 

inferiores a 30°C e apenas 7 dias quando a temperatura era de 32 ou 35°C. Sendo assim, 

acredita-se que o período extrínseco de incubação seja menor com o aumento da 

temperatura em que os mosquitos são mantidos. Porém, em condições naturais, existe 

uma variação da temperatura ao longo do nictêmero e, obviamente, em diferentes 

momentos do ano. Estas variações não têm sido consideradas quando se avalia a 

duração do PIE, que é estimado em temperaturas constantes, e controlada no interior de 

estufas (Watts et al. 1987, Salazar et al. 2007). Sendo assim, ainda não se conhece a 

duração e a variação da duração do PIE em uma situação mais próxima do natural, na 

qual a temperatura varia ao longo do nictêmero e entre meses do ano, observação de 

vital importância para alimentar de forma acurada modelos preditivos de dinâmica de 

transmissão do dengue no Rio de Janeiro, por exemplo. 

Outra possível fonte de variação na duração do PIE, mas que permanece muito 

pouco estudada é a influência da dieta do mosquito na replicação e disseminação do 
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vírus. Tradicionalmente, acredita-se que fêmeas de mosquitos obtêm energia através da 

ingestão de açúcares e glicídios de origem vegetal, como néctar de flores e soluções 

açucaradas dos frutos (Foster 1995). Do mesmo modo, também é sabido que fêmeas de 

Ae. aegypti necessitam realizar alimentação sanguínea para adquirir os aminoácidos 

necessários à maturação dos ovários com posterior produção dos ovos (Lea et al. 1956). 

No entanto, foi demonstrado na Tailândia que fêmeas de Ae. aegypti raramente ingeriam 

açúcar, obtendo energia para metabolismo e armazenamento quase que exclusivamente 

através de alimentações sangüíneas (Edman et al. 1992). Sendo assim, fêmeas de Ae. 

aegypti podem adquirir energia tanto através de alimentações açucaradas como de 

alimentações sanguíneas. Os carboidratos obtidos de uma alimentação açucarada seriam 

principalmente frutose, sacarose e glicose, embora se acredite que a primeira 

corresponda a mais de 50% destes açúcares encontrados nos mosquitos (Van Handel et 

al. 1972, Costero et al. 1998). 

Foi observado um aumento de oocistos de Plasmodium falciparum em Anopheles 

gambie alimentados com duas alimentações sanguíneas em vez de apenas uma (Okech 

et al. 2004). Uma vez que fêmeas de Ae. aegypti podem realizar alimentações 

sanguineas e açucaradas, o papel de cada uma delas na replicação do vírus e sua 

possível influência na duração do PIE merece ser investigado. 

 

 

 1.5.2. Sobrevivência diária 

A sobrevivência de fêmeas de Ae. aegypti tem sido exaustivamente estudada 

em condições de laboratório (Day et al. 1994, Naksathit e Scott 1998, Costero et al. 

1998, Canyon et al. 1999, Costero et al. 1999, Briegel et al. 2001). No campo, em 

estudos de marcação, soltura e recaptura, que indiretamente determinaram a 
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longevidade de indivíduos e de populações desta espécie, indivíduos marcados 

puderam ser coletados até 43 dias após a data de soltura (Trpis e Hausermann 1975, 

1986, Trpis et al. 1995). 

Tradicionalmente, a probabilidade de sobrevivência diária tem sido vista como 

constante e independente da idade, embora recentes evidências tenham apontado que 

a mortalidade de Ae. aegypti não seja constante (Buonacoorsi et al. 2003, Styer et al. 

2007a, 2007b, Harrington et al. 2008). Apesar da recente polêmica, por muitos anos 

a sobrevivência de Ae. aegypti foi apontada como constante, o que foi primeiramente 

proposto para anofelinos por McDonald (1952), que sugeriu que mosquitos, de um 

modo geral, morrem principalmente por predação ou fatores ambientais e não pelo 

aumento da idade. Utilizando-se de dados provenientes de um experimento de 

marcação-soltura-recaptura com Ae. aegypti na África (McDonald 1977), Clements e 

Patterson (1981) observaram que a taxa de mortalidade desta espécie era constante, 

ou seja, poderia ser estimada através de um modelo exponencial. 

Em um trabalho de marcação-soltura-recaptura de Anopheles gambiae na 

África, Gillies (1961) introduziu o modelo exponencial para estimar a probabilidade 

de sobrevivência diária (PDS) de mosquitos em condições naturais. Desde então, 

este modelo tem sido amplamente utilizado em estudos de marcação-soltura-

recaptura (Gillies e Wilkes 1965, Wada et al. 1969, Sheppard et al. 1969, Dow 1971, 

McDonald 1977a, Seawright et al. 1977, Reisen et al. 1978, 1980, Nayar 1981, 

1982, Haramis e Foster 1983, Linthichum et al. 1985, Walker et al. 1987, Rodriguez 

et al. 1992, Constantini et al. 1996, Morrison et al. 1999, Maciel-de-Freitas et al. 

2006b, 2007b). Contudo, apesar de muito utilizado, também se pode estimar a 

sobrevivência de vetores sem a necessidade de liberação de mosquitos em ambientes 

naturais, mas através da proporção de fêmeas paridas na população (Davidson 
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1954). Porém, para gerar estimativas confiáveis, o método de Davidson (1954) 

necessita que a duração do ciclo gonotrófico seja conhecida. Como ciclo gonotrófico 

entende-se o período decorrente entre um repasto sanguíneo e a postura dos ovos. A 

duração do ciclo pode variar entre espécies, populações e até mesmo entre 

indivíduos, podendo ser influenciada pelas condições ambientais, abundância e 

probabilidade de contato com o hospedeiro e tamanho do mosquito. Especula-se que 

para Ae. aegypti a duração do ciclo gonotrófico seja de aproximadamente três dias 

(Pant e Yasuno 1973). De acordo com Davidson (1954), supondo um ciclo de dois 

dias, a sobrevivência seria a raiz quadrada da proporção de paridas; se o ciclo 

durasse três dias, seria a raiz cúbica da proporção de paridas, e assim 

sucessivamente. Sendo assim, poderíamos obter a sobrevivência de uma população 

através da dissecação dos ovários de fêmeas silvestres capturadas. Esse raciocínio se 

baseia no fato de que, sem a entrada de novos indivíduos numa população, ao longo 

da duração de um ciclo gonotrófico (3 dias, por exemplo), seriam coletadas fêmeas 

em todos os estágios de desenvolvimento do ovário (Davidson 1954). 

 De acordo com Harrington et al. (2001), o modelo exponencial de Gillies é um 

dos poucos métodos aplicáveis para espécies de mosquitos em que a concordância 

gonotrófica não é regra, como o Ae. aegypti. Fêmeas de uma espécie com 

discordância gonotrófica precisam freqüentemente de mais de um repasto sangüíneo 

para realizar a postura de ovos (Consoli e Lourenço-de-Oliveira 1994). Entretanto, o 

modelo exponencial apresenta alguns inconvenientes, sendo que o principal deles 

reside em uma de suas suposições fundamentais: a taxa de sobrevivência de fêmeas 

não se altera com o aumentar da idade (Harrington et al. 2001). 

Harrington et al. (2001), através da soltura e captura de duas coortes com 

diferentes idades, obtiveram evidências preliminares de que a sobrevivência de Ae. 
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aegypti possa ser dependente da idade. O mesmo grupo aprimorou suas conclusões 

após realizar extensos estudos de tabela de vida com fêmeas de Ae. aegypti, onde 

mais de 100.000 mosquitos foram analisados (Styer et al. 2007a). Mais evidências 

foram adquiridas quando Harrington et al. (2008) realizaram a soltura simultânea de 

onze coortes de fêmeas de Ae. aegypti com idades diferentes (0-1d, 2-3d, 4-5d,...,19-

20d). Foi visto que as fêmeas mais novas foram capturadas com uma freqüência 

significativamente maior que fêmeas velhas, proporcionando uma evidência indireta 

de que as primeiras vivem mais que as últimas (Harrington et al. 2008).  

Outro fator interessante na abordagem da sobrevivência diária de mosquitos 

seria sua longevidade. Esse parâmetro é expresso em dias e possui profunda relação 

com a taxa de sobrevivência (Niebylski e Craig 1994). A expectativa média de vida 

seria o número de dias em que os indivíduos, tendo a probabilidade de sobrevivência 

diária previamente calculada, sobreviveriam. Após chegarmos a taxa de 

sobrevivência de mosquitos em um único dia, podemos, por exemplo, elevar este 

valor à potência de 10 (período extrínseco de incubação do vírus dengue em Ae. 

aegypti (Salazar et al. 2007)) para descobrir o número de fêmeas que estariam vivas 

após 10 dias no campo, ou seja, quantas delas poderiam transmitir o dengue. 

No Rio de Janeiro, a sobrevivência e a longevidade de fêmeas de Ae. aegypti já 

foram avaliadas em condição de campo, durante diferentes estações e em áreas com 

distintos padrões urbanísticos (Maciel-de-Freitas et al. 2007b). Utilizando de 

experimentos de marcação, soltura e recaptura, foi observado que a sobrevivência 

não variou entre as estações do ano. Por outro lado, os mosquitos apresentaram uma 

sobrevida significativamente superior em uma favela em comparação com a área 

suburbana estudada. Neste estudo, sugerimos que, uma vez que a densidade humana 

na favela é quase o triplo da área suburbana, mosquitos teriam que se deslocar 
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menos para encontrar fontes sanguíneas e, assim, estariam menos expostos a fatores 

bióticos, que seriam os maiores responsáveis pela mortalidade de Ae. aegypti em 

condições naturais (Clements e Paterson 1981, Maciel-de-Freitas et al. 2007b). 

Entretanto, é válido reiterar que baseamos nossas conclusões em resultados 

alcançados em apenas duas áreas do Rio de Janeiro, cidade com ampla 

heterogeneidade espacial (Luz et al. 2003, Maciel-de-Freitas et al. 2007b). De modo 

a avaliar se esse padrão se repete, ou até mesmo como o nível sócio-econômico da 

população, o nível de infra-estrutura urbana e o ambiente podem influenciar a 

sobrevivência e a longevidade das fêmeas, é preciso estender o número amostral de 

áreas avaliadas. 

Apesar da sobrevivência de fêmeas de Ae. aegypti já ter sido estudada sobre 

diferentes cenários em condições de campo e laboratório (Service 1993, para uma 

revisão), poucos aspectos são conhecidos a respeito da interação mosquito-vírus 

dengue. De fato, questões básicas tais como se o vírus altera o padrão de 

mortalidade dos indivíduos infectados, quais as moléculas e proteínas envolvidas, 

células alvo e etc permanecem pouco conhecidas.  Em um estudo de Joshi et al. 

(2002) foi observado que fêmeas de Ae. aegypti infectadas com vírus dengue por 

inoculação intratorácica sobreviveram menos que fêmeas controle, livres do vírus. 

De um modo geral, esses resultados contradizem uma revisão recente, que mostra 

que a sobrevivência de Ae. aegypti é levemente afetada por arbovírus (Lambrechts e 

Scott 2009). Entretanto, mesmo com essas informações a princípio contraditórias, é 

necessário assumir que pouco se sabe sobre o impacto da infecção pelo vírus dengue 

na biologia de fêmeas de Ae. aegypti. 
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1.5.3. Susceptibilidade do vetor ao vírus dengue 

Experimentos de laboratório têm demonstrado grande variação geográfica na 

competência vetorial de Ae. aegypti ao vírus dengue (Gubler e Rosen 1976). A 

variação na susceptibilidade do Ae. aegypti ao vírus dengue estaria sob controle 

genético (Biso et al. 2000). Seria interessante frisar que uma elevada competência 

vetorial em uma população de mosquitos pode não significar necessariamente bom 

desempenho na transmissão em condições naturais, uma vez que ainda não se sabe o 

impacto que o vírus dengue pode ter na longevidade do mosquito. 

No Brasil, a susceptibilidade ao vírus dengue foi estudada em Ae. aegypti de 

23 localidades distribuídas por treze Estados (Lourenço-de-Oliveira et al. 2004). Os 

autores mostraram que as populações brasileiras, em geral, são altamente 

susceptíveis a DENV-2. Além disso, foi mais uma vez mostrado importante variação 

geográfica na competência vetorial, uma vez que o percentual de fêmeas infectadas 

variou de 21,57% (Milhã, Ceará) a 99,02% (Boa Vista, Roraima) (Lourenço-de-

Oliveira et al. 2004). 

Apesar de ser um evento raro, ocasionalmente se observa baixa 

susceptibilidade em algumas populações, sejam elas de campo ou selecionadas em 

laboratório (Lourenço-de-Oliveira et al. 2004, Salazar et al. 2007). A presença de 

uma barreira para infecção no intestino médio das fêmeas inibe a replicação viral, o 

tropismo do vírus e sua chegada à glândula salivar.   

 

1.5.4. Densidade do vetor 

Obviamente, a transmissão do dengue é positivamente influenciada pela 

densidade do vetor, ou seja, quanto mais mosquitos numa dada área, maior a chance 

de contato mosquito-homem e maior a intensidade da transmissão. Geralmente, a 
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densidade do mosquito numa dada área é avaliada durante séries temporais curtas, 

com o uso de armadilhas para coleta durante o período de atividade da espécie a ser 

avaliada. 

A densidade de Ae. aegypti pode apresentar grande sazonalidade em condições 

naturais, onde esperam-se maiores densidades da população do vetor no verão 

(Ribeiro et al. 2008). Isso se deve a uma série de fatores, dentre eles o aumento da 

pluviosidade (gerando aumento da oferta de criadouros), temperatura (acelera o 

desenvolvimento do mosquito na fase imatura, levando à ocorrência de maior 

número de gerações por período), resistência a dissecação (provocando aumentos 

rápidos e significativos na densidade com a eclosão de ovos postos ao longo de todo 

o ano) e diminuição do PIE devido ao aumento da temperatura (Consoli e Lourenço-

de-Oliveira 1994, Ribeiro et al. 2008, Rezende et al. 2008, Honorio et al. 2009). A 

densidade do vetor é bastante heterogênea no Rio de Janeiro, onde altos níveis de 

infestação estão geralmente associados a alta densidade humana (Tauil 2001). Após 

investigar a densidade de Ae. aegypti durante extensa série temporal em três 

localidades do Rio de Janeiro, Honório et al. (2009) observaram que temperaturas 

semanais acima de 22-24°C estavam fortemente associadas com a abundância de Ae. 

aegypti e, desta forma, com a transmissão do dengue. 

 

 

1.5.5. Taxa de picada 

Como é sabido, o Ae. aegypti é um mosquito intimamente associado ao 

ambiente humano, endófilo e antropofílico, com marcada preferência por se 

alimentar de sangue humano (Scott et al. 1993b, 2000a). Já foi inclusive mostrado 

que fêmeas de Ae. aegypti raramente se alimentam de açúcar e retiram a energia para 

seu metabolismo através da alimentação hematofágica (Edman et al. 1992). A 
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alimentação sanguínea em detrimento a ingestão de açúcares confere uma vantagem 

evolutiva às fêmeas, uma vez que aumenta consideravelmente sua fecundidade (Day 

1994, Scott et al. 1997, Naksathit et al. 1999a, 1999b, 1999c) 

A taxa de picada de um inseto vetor é um componente crucial para se avaliar 

sua capacidade vetorial. Isso porque quando associada à densidade da população do 

vetor, reflete a intensidade do contato entre vetor e hospedeiro, ou seja, homem-

mosquito. Obviamente, quanto mais intenso for esse contato, maior a capacidade 

vetorial e a transmissão do dengue, por exemplo. É importante salientar que a taxa 

de picada é o único componente da fórmula da capacidade vetorial a se apresentar 

elevado ao quadrado. Isso se deve ao fato que um mosquito precisa se alimentar ao 

menos duas vezes para transmitir o patógeno – uma para contrair o vírus e outra para 

transmiti-lo (Service 1993), exceto se considerada a possibilidade do mosquito ter 

nascido infectado por transmissão vertical. 

O impacto da infecção pelo vírus dengue na taxa de picada de Ae. aegypti já 

foi avaliado anteriormente, mas com resultados conflitantes. No primeiro deles foi 

usado uma população de Ae. aegypti estabelecida em laboratório há mais de quinze 

anos e não foi observada nenhuma influência da infecção no comportamento de 

picada dos mosquitos (Putnam e Scott 1995). Por outro lado, Platt et al. (1997) 

observaram que o tempo necessário para se completar a alimentação sanguínea e o 

tempo gasto pelo mosquito para iniciar a alimentação explorando a superfície com 

sua probóscide foi maior nos mosquitos infectados do que nos não-infectados. Deste 

modo, ainda restam dúvidas se o vírus altera o comportamento alimentar de fêmeas 

de Ae. aegypti e, em caso positivo, qual a intensidade e o impacto para a transmissão 

do vírus dengue. 
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1.6. Duração do ciclo e concordância gonotrófica 

 

Entende-se como ciclo gonotrófico o período em dias decorrido entre uma 

alimentação sanguínea e a postura dos ovos gerados a partir desta alimentação, que 

para Ae. aegypti é de aproximadamente 3 dias (Pant e Yasuno 1973). Dizemos que 

existe concordância gonotrófica quando cada oviposição é precedida por um repasto 

sanguíneo. Em algumas espécies ou populações pode ser necessário mais do que um 

repasto sanguíneo para produzir a desova, sendo estas espécies classificadas como 

apresentando discordância gonotrófica. 

A concordância gonotrófica de uma fêmea de Ae. aegypti pode ser influenciada 

pelo seu tamanho. Fêmeas menores realizam alimentações sanguíneas com maior 

freqüência que fêmeas grandes, provavelmente por terem acumulado menos reserva 

energética, durante seus estágios larvares (Scott et al. 2000). Se uma fêmea de Ae. 

aegypti apresenta discordância gonotrófica e, por conta disso, necessita realizar mais 

alimentações sanguineas por ciclo, indiretamente pode-se aumentar a intensidade da 

transmissão, uma vez que o contato vetor-hospedeiro seria maximizado.  

 

 

1.7. Dispersão 

 

De acordo com Trpis e Hausermann (1986), os fatores a serem considerados na 

determinação da capacidade vetorial de um artrópode são os seguintes: a sua 

susceptibilidade ao patógeno, o seu grau de antropofilia ou zoofilia, a sua 

capacidade de dispersão, o tamanho da sua população, a sua longevidade, a 

freqüência de alimentações sangüíneas em um único ciclo gonotrófico, a 
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fecundidade, o período de incubação extrínseco do patógeno no inseto vetor e a 

quantidade do patógeno inoculado por ele. Daí o estudo da dispersão e sobrevivência 

de populações de espécies vetoras ser de elevado interesse sanitário, pois variações 

nesses dois parâmetros podem estar diretamente relacionadas à eficácia na 

propagação de parasitos por elas veiculadas (Trpis e Hauserman 1986). A princípio, 

a dispersão não consta na fórmula de capacidade vetorial, pois não teria papel na 

intensidade da transmissão, apenas na propagação da doença. Por exemplo, podemos 

especular que populações cujas fêmeas infectadas tem raio médio de vôo muito 

pequeno podem transmitir o vírus para poucas pessoas em um quarteirão ao longo de 

uma semana. Uma população cujas fêmeas apresentam grande raio de vôo 

transmitiriam o vírus provavelmente para o mesmo número de pessoas, que estariam 

dispersas por uma área geográfica maior, digamos em cinco quarteirões, por 

exemplo. 

A dispersão por parte das fêmeas de mosquitos pode ser justificada por dois 

propósitos principais: busca de fonte sanguínea para a alimentação e procura de 

local para oviposição (Forattini 1962, Reiter et al. 1995, Edman et al. 1998). Estudos 

de dispersão de Ae. aegypti marcados mostraram que a espécie realiza, em geral, 

deslocamentos considerados curtos, de 50 a 200m a partir dos locais de soltura 

(Morlan e Hayes 1958, Reuben et al. 1975, Trpis e Hauserman 1975, Trpis et al. 

1995, Service 1997, Muir e Kay 1998, Ordoñez-Gonzalez et al. 2001, Tsuda et al. 

2001, Harrington et al. 2005, Russel et al. 2005). Acredita-se que havendo 

aglomerações humanas e alta disponibilidade de criadouros disponíveis, as fêmeas 

dessa espécie não parecem necessitar realizar grandes deslocamentos. Por outro 

lado, em ambientes com escassez de hospedeiros e sítios de oviposição, fêmeas 

tenderiam a apresentar deslocamento maior (Maciel-de-Freitas et al. 2006). No 
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entanto, em locais onde não havia limitações à dispersão, sem barreiras geográficas 

como montanhas e grandes coleções de água, como rios e lagos, fêmeas foram 

capazes de se deslocar por distâncias superiores a 500m (Tessdale 1958, 

Hausermann et al. 1971, McDonald 1977a, Honório et al. 2003). 

A dispersão das fêmeas de Ae. aegypti pode ser avaliada utilizando medidas 

que auxiliam na quantificação do deslocamento de indivíduos marcados, a partir de 

um determinado ponto de soltura (Lillie et al. 1981, 1985, White et al. 1985, Morris 

et al. 1991). As principais delas são Distância Média Percorrida (Mean Distance 

Traveled, MDT), Raio de Vôo (Flight Range, FR) e Distância Máxima Percorrida 

(Maximum Distance Traveled, MAX). Esses parâmetros possuem maior 

aplicabilidade quando a soltura dos indivíduos marcados é realizada num ponto 

central, havendo capturas em torno deste ponto. 

No Rio de Janeiro, a dispersão do Ae. aegypti já foi avaliada sob diferentes 

aspectos e condições. Em um primeiro momento, após a amputação da probóscide 

das fêmeas, observou-se que estas apresentaram deslocamentos de pelo menos 800m 

a partir do ponto de soltura (Honório et al. 2003). Essa distância pode ter sido ainda 

maior, uma vez que 800m era o limite da área onde as armadilhas estavam 

instaladas. Contudo, uma vez que anteriormente à soltura houve redução de 

criadouros e a amputação da probóscide, o impacto dessas duas medidas na 

capacidade de vôo das fêmeas permaneceu desconhecido. Em ambientes urbanos, a 

dispersão das fêmeas tende a ser limitada, uma vez que a oferta de hospedeiros e 

sítios de oviposição é alta (Maciel-de-Freitas et al. 2007b). Observamos que em uma 

favela, onde a densidade humana pode ser até três vezes superior a de um bairro 

suburbano, a dispersão foi significativamente menor (Maciel-de-Freitas et al. 

2007b). Esse fato corrobora a hipótese de que a intensidade da dispersão de fêmeas 
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de Ae. aegypti é inversamente proporcional à disponibilidade de criadouros e 

hospedeiros; quanto maior a oferta, menor tende a ser o deslocamento e vice-versa 

(Maciel-de-Freitas et al. 2007b). Por fim, foi mostrado ainda que fêmeas de Ae. 

aegypti não costumam voar para o interior de matas secundárias em distâncias 

superiores a 100m, reforçando seu caráter urbano e antropofílico (Maciel-de-Freitas 

et al. 2006).  

A capacidade de dispersão de Ae. aegypti provavelmente varia ao longo de seu 

ciclo gonotrófico, uma vez que fêmeas são atraídas a diferentes estímulos em cada 

estado fisiológico. Por exemplo, fêmeas não alimentadas responderiam mais 

intensamente a sinais que apontem presença de hospedeiros, ao passo que fêmeas 

grávidas seriam mais atraídas por sinais que indiquem sítios de oviposição. 

Apesar de haver na literatura um conhecimento sólido sobre a dispersão de Ae. 

aegypti, ainda restam diversas dúvidas a respeito do potencial de dispersão desta 

espécie, como por exemplo, os fatores bióticos e abióticos que possam influenciar 

seu raio de vôo em diferentes ambientes, sua capacidade de deslocamento e a 

direção do vôo assumida após a soltura. 

 

 

1.8. Transmissão vertical e venérea 

 

Entende-se como transmissão vertical quando parte da prole de uma fêmea já 

nasce infectada e esse fenômeno tem sido descrito em vários sistemas parasito-vetor, 

notadamente em arbovírus e artrópodes. A transmissão venérea se dá exclusivamente 

no momento da cópula e sua relevância para a manutenção do vírus dengue na 

natureza ainda permanece desconhecida. A transmissão vertical e a transmissão 
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venérea já foram observadas para mosquitos do gênero Aedes com o vírus dengue, 

notadamente para Ae. aegypti e Ae. albopictus (Jousset 1981, Rosen et al. 1983, 

Rosen 1987). Na Índia, diversos relatos tem mostrado a intensidade da transmissão 

vertical ao longo do ano, apontando seu provável papel na manutenção do vírus 

dengue na natureza em períodos inter epidêmicos (Thenmozhi et al. 2000, 

Arunachalam et al. 2008, Angel e Joshi 2008).  

Uma vez que o vírus dengue pode ser transmitido verticalmente, a fórmula de 

capacidade vetorial de Garret-Jones (1964) para o dengue não é tão precisa quanto 

para malária, pois desconsidera essa possibilidade de transmissão. Dessa forma, para 

esse caso específico, a taxa de picada não deveria ser aplicada duas vezes, uma vez 

que as fêmeas não precisariam picar pela primeira vez para adquirir o vírus. Isso 

significa que para o dengue um menor contato mosquito-hospedeiro seria suficiente 

para sustentar a transmissão, diferentemente do que para o sistema anofelino-malária 

ou Ae. albopictus-chikungunya (Vazeille et al. 2009).  

 

 

1.9. Tamanho do mosquito 

 

O tamanho de fêmeas de Ae. aegypti, geralmente medido através do 

comprimento de sua asa, pode ter impacto relevante na sua habilidade de transmitir 

o vírus dengue. Em última análise, o tamanho de um mosquito adulto é reflexo da 

qualidade de seu ambiente larvar (Tun-Lin et al. 2000). Um ambiente larvar 

competitivo – com escassez de recurso e/ou alto adensamento – gera adultos 

menores, ao passo que em condições ideais, como em laboratório, os adultos são 

significativamente maiores (Nasci e Mitchel 1994). 
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Dentre os parâmetros biológicos que podem ser afetados pelo tamanho das 

fêmeas, já foi mostrado que fêmeas menores apresentam menor longevidade e maior 

susceptibilidade a arbovírus (Nasci e Mitchell 1994, Tun-Lin et al. 2000, Braks et al. 

2004, Alto et al. 2005, 2008a, 2008b). Alguns artigos recentes têm mostrado que o 

aumento na competição intra e interespecífica (com Ae. albopictus) aumenta a 

susceptibilidade e a taxa de disseminação de Aedes aegypti ao vírus dengue (Alto et 

al. 2005, 2008a, 2008b). Além disso, sabe-se também que fêmeas menores tendem a 

realizar alimentações sanguíneas com maior freqüência que fêmeas grandes (Scott et 

al. 2000), provavelmente por terem baixa reserva energética. 

Em relação a probabilidade de sobrevivência diária e a dispersão de Ae. 

aegypti em condições de campo, seria lógico esperar que indivíduos menores, por ter 

menor acúmulo de reservas energéticas, teriam menor longevidade e menor 

capacidade de deslocamento do que indivíduos maiores. Contudo, essa ainda é em 

grande parte uma hipótese teórica, que carece de evidências de campo para se 

sustentar. De fato, a influência do tamanho do corpo dos mosquitos em sua 

capacidade de dispersão e longevidade, fatores importantes para a dinâmica de 

transmissão do dengue, merece, assim, ser testada.  

 

 

1.10. Interação parasito-hospedeiro – Manipulação e custos evolutivos 

 

O parasitismo está provavelmente entre as formas mais comuns de interação, 

podendo gerar pressões evolutivas em indivíduos e pressões ecológicas em 

comunidades. De fato, a pressão seletiva dos parasitas é apontada atualmente como a 

principal razão da manutenção da reprodução sexuada (Hamilton et al. 1990), apesar 

desta apresentar dois graves reveses: gasto de energia à procura do parceiro (two-fold 
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cost reproduction) e quebra de complexos genéticos previamente bem adaptados 

(Hamilton et al. 1990). Com isso, seria evolutivamente favorável a um organismo ter 

uma prole que seja não somente geneticamente diferente dele próprio, mas que cada 

indivíduo da prole seja também diferente entre si. A recombinação genética, alcançada 

exclusivamente através da reprodução sexuada, seria o mecanismo ideal para se 

alcançar esta diversidade (Schmid-Hempel e Koella 1991). 

A característica mais importante dos parasitas na interação parasito-hospedeiro é 

sua virulência, ou seja, a redução da aptidão (fitness) reprodutiva do hospedeiro 

induzida pelo parasita (Ebert e Hamilton 1996). A idéia mais freqüentemente citada é 

que a virulência estaria necessariamente associada às taxas de transmissão (Bull 1994, 

Read 1994). A transmissão requer um grande número de parasitas agindo em um único 

hospedeiro, mas essa parasitemia pode causar-lhe danos. Como a evolução tende a 

maximizar a transmissão total do parasita, ela irá otimizar o balanço (trade-off) entre 

taxas de transmissão e virulência (Frank 1996). Deste modo, a seleção natural tenderia a 

levar a virulência a um nível ótimo de intensidade, sem que ocorram graves perdas na 

sobrevivência e fecundidade do hospedeiro infectado (Anderson e May 1991). 

Contudo, essa abordagem tem sido criticada por várias razões (Ebert e Bull 

2003). Uma das críticas mais importantes seria a que virulência e outros importantes 

parâmetros epidemiológicos, como a taxa de transmissão, não são governados apenas 

pelos parasitas, mas seriam o resultado de uma interação entre hospedeiro e parasita 

(Agnew e Koella 1999, Koella e Agnew 1999, Kaltz e Koella 2003, Bedhomme et al. 

2004). Hospedeiros com diferentes genótipos em uma mesma população não sofrem 

igualmente quando infectados com a mesma linhagem de parasitas e diferentes 

linhagens de parasitas podem causar variados níveis de virulência em hospedeiros com 

o mesmo genótipo (Lambrechts et al. 2005, 2006). Além disso, a associação entre taxa 
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de transmissão e virulência pode ser determinada pela interação entre o hospedeiro e seu 

parasita. Deste modo, a pressão evolutiva em um parasita irá se alterar quando este for 

transmitido para um próximo hospedeiro (Koella et al. 1998). 

Um dos aspectos mais estudados na evolução da interação parasito-hospedeiro 

tem sido a capacidade do parasita em manipular o comportamento do hospedeiro para 

maximizar sua taxa de transmissão. Vale ressaltar que essa manipulação pode ou não 

reduzir o fitness do hospedeiro. Por exemplo, sabe-se que fungos, bactérias, 

protozoários e trematódeos podem manipular o comportamento de plantas, moluscos, 

insetos e cordados (Thomas et al. 2005). Para mosquitos, o sucesso reprodutivo é 

dependente de um trade-off entre fecundidade e expectativa de vida (Stearns 1992). O 

hábito hematofágico das fêmeas de mosquitos constitui um dos mais célebres casos de 

trade-off. Quanto maior a quantidade de sangue ingerida, maior tende a ser a 

fecundidade (Day et al. 1994). Por outro lado, a alimentação sanguínea aumenta as 

chances de a fêmea ser morta, principalmente pelo comportamento defensivo do 

hospedeiro (Day e Edman 1984, Schwartz e Koella 2001). Ao buscar alcançar um 

aumento da fecundidade (benéfica para o fitness), através da alimentação sangüínea, 

tem-se um risco de mortalidade associado (prejudicial para o fitness). 

Mosquitos adultos podem abrigar diversos parasitas (Fukuda et al. 1997), alguns 

deles com capacidade de manipular seu comportamento. A interação entre mosquitos e 

protozoários do gênero Plasmodium, por exemplo, tem sido bastante estudada 

(Schwartz e Koella 2001, Koella 2005). Foi observado que P. gallinaceum manipula o 

comportamento de fêmeas de Ae. aegypti de acordo com seu estágio evolutivo (Koella 

et al. 2002). Assim, esporozoítas, estágio de transmissão do parasita ao vertebrado, 

inibem a enzima apirase (Rossignol et al. 1984), fazendo com que a fêmea de mosquito 

tenha que realizar um maior número de tentativas de picada, devido a maior demora na 
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localização de um vaso sangüíneo, para completar o repasto. Por outro lado, oocistos 

(estágio em que não há transmissão) aumentam a capacidade de ingestão de sangue pelo 

mosquito através de mecanismo ainda desconhecido, diminuindo o risco de morte pela 

ação defensiva do hospedeiro (Koella et al. 2002). Recentemente foi mostrado que P. 

falciparum manipula a escolha do hospedeiro vertebrado a ser picado por fêmeas de 

Anopheles gambiae, tornando seres humanos portadores de gametócitos mais atraentes 

para a fêmea do anofelino em comparação com pessoas não infectadas (Lacroix et al. 

2005). A capacidade de manipulação do comportamento de mosquitos por outros 

parasitas, principalmente microsporídios como Edhazardia aedis e Vavraia culicis, 

também já está bastante fundamentada (Agnew e Koella 1997, Koella e Agnew 1997, 

Bedhomme et al. 2004, Bedhomme et al. 2005). Entretanto, pouco se sabe sobre a 

influência dos vírus no comportamento do mosquito ou em suas implicações na 

transmissão do dengue ou até mesmo os aspectos evolutivos desta interação.  
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2. JUSTIFICATIVA 

 

A biologia de espécies vetoras tem elevada importância, uma vez que seu 

conhecimento pode auxiliar no combate às endemias veiculadas por elas. Aspectos 

de campo tais como a sua dispersão, sobrevivência, distribuição espacial, densidade 

populacional e sua resposta a atividades de controle constituem importante fator na 

sua capacidade vetorial e, consequentemente, na dinâmica de transmissão do 

dengue. Tais fatores podem ajudar na avaliação não só da intensidade de 

transmissão, mas também da localização espacial da incidência desta doença. Além 

disso, muito pouco se sabe sobre o impacto que o vírus dengue pode ter na 

capacidade vetorial de Ae. aegypti. Dúvidas básicas como se o vírus é prejudicial ao 

mosquito ou se é capaz de alterar seu comportamento, e sua capacidade vetorial, de 

modo a maximizar sua taxa de transmissão permanecem sem resposta. Com isso, 

pouco se sabe sobre o comportamento dos mosquitos quando adquirem a infecção.   

A resposta a alguns dos questionamentos levantados pode tanto ajudar na 

elaboração de novas metodologias de controle como proporcionar conhecimento 

crítico sobre alguns aspectos relevantes da biologia do Ae. aegypti.   
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3. OBJETIVOS 

 

- Objetivo geral 

- Avaliar alguns aspectos da capacidade vetorial de fêmeas de Ae. aegypti no Rio de 

Janeiro. 

 

 

- Objetivos específicos 

- Avaliar a capacidade de dispersão, o raio de vôo e o sentido do deslocamento de 

fêmeas de Ae. aegypti em diferentes ambientes urbanos. 

- Estimar a sobrevivência diária de fêmeas de Ae. aegypti em diferentes ambientes 

urbanos. 

- Avaliar a influência do tamanho de machos e fêmeas na dispersão e sobrevivência 

diária. 

- Avaliar o impacto de diferentes metodologias de controle na densidade na capacidade 

vetorial de Ae. aegypti. 

- Investigar a ocorrência, sazonalidade e importância epidemiológica de casas-chave 

para a dinâmica populacional de Ae. aegypti.  

- Observar o possível impacto do vírus dengue em aspetos da biologia de fêmeas de Ae. 

aegypti, tais como sua sobrevivência, longevidade e fecundidade. 
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4. RESULTADOS 

 

Nesta tese apresentaremos artigos que visam contribuir para melhor compreensão 

da capacidade vetorial de fêmeas de Ae. aegypti em condições de campo e laboratório. 

Os resultados aqui apresentados não estão ordenados de forma cronológica, pela sua 

data de publicação, mas primeiramente pelo assunto. Como cada periódico apresenta 

características próprias no que diz respeito à periodicidade e ao fluxo editorial e o tempo 

necessário para o aceite definitivo de cada artigo é variável, achamos por melhor 

organizá-los tematicamente. 

O Artigo 1 apresenta o deslocamento de fêmeas de Ae. aegypti liberadas em um 

bairro no Rio de Janeiro onde não existem barreiras geográficas que possam limitar seu 

raio de vôo após a soltura. A partir dos resultados obtidos, e somando-se a isso os já 

alcançados previamente por nosso grupo, investigamos como se comportam fatores 

biológicos do vetor em campo, mas numa área com significativas diferenças urbanas em 

relação às já avaliadas anteriormente. Assim, avaliamos a dispersão, a sobrevivência e a 

produtividade de criadouros no bairro da Urca, com esses dados compondo o Artigo 2. 

Neste momento, poderíamos dizer que a dispersão de Ae. aegypti variava 

significativamente entre localidades com diferentes padrões urbanísticos e densidades 

populacionais humanas. No entanto, algumas de nossas principais dúvidas diziam 

respeito ao efeito da disponibilidade no espaço e no tempo pode influenciar o 

deslocamento dos mosquitos. Sendo assim, a partir de um experimento de marcação, 

soltura e recaptura, acompanhamos as fêmeas para saber qual a direção de seu vôo, 

testando a hipótese que estas apresentavam deslocamento mais intenso em direção a 
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onde havia maior disponibilidade de recursos, que seriam sítios de oviposição e 

hospedeiros, compondo assim o Artigo 3. Como sabemos, o tamanho de um mosquito 

adulto é resultado do seu ambiente larval e da intensidade de competição enfrentada por 

cada indivíduo como imaturo. Desta forma, é fácil supor que o tamanho de populações 

de mosquito é uma característica heterogênea, que pode influenciar de diferentes formas 

a capacidade vetorial dos indivíduos. Para observar se existe alguma influência do 

tamanho dos indivíduos em sua capacidade de dispersão e em sua sobrevivência, 

realizamos a soltura de coortes de machos e fêmeas com tamanho diferente e coletamos 

esses insetos diariamente, até a sua morte/emigração da área de estudo. Assim, 

obtivemos material para a elaboração do Artigo 4.  

Outra variável com grande importância para a capacidade vetorial de Ae. aegypti é 

a taxa de sobrevivência do vetor. Avaliamos a influência do tamanho do corpo na 

sobrevivência em laboratório (Artigo 4), a sobrevivência em um ambiente urbano 

(Artigo 2) e em uma área suburbana. Neste último, usamos uma armadilha de coleta 

específica para fêmeas grávidas e um outro método inespecífico. Ao término do estudo 

de campo as estimativas geradas utilizando os dois métodos de captura foram 

comparadas, resultando no Artigo 5. 

Uma vez que não existe uma vacina disponível para o dengue, a única maneira de 

se prevenir a transmissão é através do controle de seu vetor. Uma hipótese que ainda 

carece de avaliações de campo versa que a eliminação de criadouros produtivos 

resultaria em uma queda significativa na densidade populacional de Ae. aegypti e, 

conseqüentemente, da intensidade de transmissão do dengue. A avaliação comparativa 

de duas estratégias distintas de controle resultaram no Artigo 6. Confrontamos a 

eliminação do criadouro mais produtivo com a eliminação de todos os tipos de 

criadouros das casas positivas. A ocorrência e importância epidemiológica de casas 
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positivas e casas-chave (aquelas com três ou mais criadouros) foram avaliadas, 

mostrando que casas-chave geralmente concentram maior número de imaturos e 

possuem papel relevante na distribuição espacial de fêmeas adultas em duas localidades 

do Rio de Janeiro, o que compôs o Artigo 7. 

Por fim, um importante parâmetro na determinação da capacidade vetorial de Ae. 

aegypti é a sua susceptibilidade ao vírus dengue. Além disso, nada se sabe sobre o 

impacto que a infecção pelo vírus pode ter na biologia de indivíduos infectados. Sendo 

assim, realizamos infecções experimentais de duas populações de Ae. aegypti para 

determinar o impacto da infecção na sobrevivência, longevidade e fecundidade dos 

mosquitos, o que compôs o Artigo 8.  
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Presumed unconstrained 
dispersal of Aedes aegypti in the 
city of Rio de Janeiro, Brazil

Dispersão de Aedes aegypti em local 
presumidamente sem barreira limitante 
ao vôo na cidade do Rio de Janeiro

ABSTRACT

OBJECTIVE: To evaluate dispersal of Aedes aegypti females in an area with 
no container manipulation and no geographic barriers to constrain mosquito 
fl ight.

METHODS: A mark-release-recapture experiment was conducted in December 
2006, in the dengue endemic urban district of Olaria in Rio de Janeiro, 
Southeastern Brazil, where there is no evident obstacle to the dispersal of Ae. 
aegypti females. Mosquito traps were installed in 192 houses (96 Adultraps 
and 96 MosquiTRAPs).

RESULTS: A total of 725 dust-marked gravid females were released and 
recapture rate was 6.3%. Ae. aegypti females traveled a mean distance of 
288.12 m and their maximum displacement was 690 m; 50% and 90% of 
females fl ew up to 350 m and 500.2 m, respectively.

CONCLUSIONS: Dispersal of Ae. aegypti females in Olaria was higher than 
in areas with physical and geographical barriers. There was no evidence of a 
preferred direction during mosquito fl ight, which was considered random or 
uniform from the release point.

DESCRIPTORS: Aedes. Disease Vectors. Mosquito Control. Culicidae. 
Dengue.
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In the city of Rio de Janeiro, Brazil, the mosquito 
Aedes aegypti is essentially associated with human 
density, and is especially abundant in urbanized and 
densely populated areas.1 Ae. aegypti breeds almost 
exclusively in artifi cial large containers located in 
the peridomestic area, such as water tanks and metal 
drums15 and seldom invade the fringe of urban forests, 
generally not laying eggs or fl ying through distances 
exceeding 100 m from houses.12,14

Dispersal may have several implications on mosquito 
population genetics, spreading of gene pools, such 
as insecticide resistance and virus susceptibility, and 
determination of control strategies by public health 
authorities. The dispersal ability of Ae. aegypti females 
have already been studied.20 However, several previous 
dispersal estimates might be biased. Common sources 
of bias in dispersal estimates seem to be site manipula-
tion prior to mosquito release or recaptures performed 
in a limited area, such a small village or a single block, 
frequently close to the release point.9,10,13,14,17,21,22 For 
example, Honório et al10 performed a mark-release-re-
capture experiment in a highly endemic area of dengue 
with female mosquitoes with amputated proboscis to 
avoid ethical issues and they also eliminated or removed 
most small containers from the study area. These in-
terventions may have infl uenced the dispersal pattern 
of Ae. aegypti females, which displaced at least 800 
m from their release point. Maciel-de-Freitas et al13 
evaluated dispersal of Ae. aegypti females in two areas 

RESUMO

OBJETIVO: Avaliar a dispersão de fêmeas de Aedes aegypti em uma área onde 
não houve nenhuma interferência quanto à redução de potenciais criadouros 
e não há barreira geográfi ca que limite o vôo dos mosquitos.

MÉTODOS: Um experimento de marcação-soltura-recaptura foi realizado em 
dezembro de 2006, no bairro urbano Olaria, endêmico para dengue na cidade 
do Rio de Janeiro (RJ), onde não há obstáculos evidentes à dispersão de fêmeas 
de Ae. aegypti. Armadilhas para captura de mosquitos foram instaladas em 
192 residências (96 Adultraps e 96 MosquiTraps).

RESULTADOS: Foram soltas 725 fêmeas grávidas marcadas com pó fl uorescente 
e a taxa de recaptura foi de 6,3%. Fêmeas de Ae. aegypti dispersaram em média 
288,12 m do ponto de soltura e o deslocamento máximo foi de 690 m; 50% e 
90% das fêmeas voaram até 350 m e 500,2 m respectivamente.

CONCLUSÕES: A dispersão de fêmeas de Ae. aegypti em Olaria foi maior 
que em áreas com barreiras físicas e/ou geográfi cas. Não houve evidências de 
preferência de direção do vôo dos mosquitos, o qual foi considerado randômico 
ou uniforme a partir do ponto de soltura.

DESCRITORES: Aedes. Vetores de Doenças. Controle de Mosquitos. 
Culicidae. Dengue.

INTRODUCTION

with distinct landscape and physical barriers, such as 
sea and extensive highways, and observed differential 
displacement from the release site in both areas.

The objective of the present study was to evaluate 
dispersal of Ae. aegypti females in an area with no 
container manipulation and no geographic barriers to 
constrain mosquito fl ight.

METHODS

The residential district of Olaria (22°50’45’’S; 
43°15’39’’W), located in the city of Rio de Janeiro 
(Southeastern Brazil), was selected to release dust-
marked Ae. aegypti females. It has an estimated popu-
lation of 62,509 inhabitants in an area of 369 hectare, 
nearly 169 inh./ha. Olaria is a lowland district with 
extensive paved streets, moderate traffi c and a busy 
rail station. Houses generally have 2–4 rooms and 
large peridomestic area, with usually no more than 4–5 
persons per house. There is a regular service of garbage 
collection and water supply. Olaria is in one of the 
most important dengue endemic zone in the city, which 
registered 49,266 dengue cases from 1986 to 2001. Ac-
cording to the Health Department of the City of Rio de 
Janeiro, during the 2001 dengue epidemic, more than 
8% (2,165/26,535 cases) of the city’s total cases were 
reported there; in 2007 there were 208 dengue cases. In 
July 2006, fi ve months prior to experiment start, Olaria 
had a house index of 8.8.
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Released Ae. aegypti females were derived from a 
laboratory colony that is renewed at least twice a year 
with eggs collected in ovitraps installed in Rio de Ja-
neiro. Larvae were fed with fi sh food (Tetramin) and 
reared according to Consoli & Lourenço-de-Oliveira.2 
After emergence, females were separated from males 
and kept together at 25 ± 3°C and 65 ± 3% relative 
humidity and provided with sucrose solution up to a 
day before the fi rst blood feeding.

Two blood meals were offered on 3-4 days after emer-
gence in an artifi cial membrane feeder apparatus.19 
We expected all released females were gravid when 
released three days after blood meals. A total of 725 
Ae. aegypti females with 6-7 days of emergence were 
marked with fl uorescent dust (Day-Glo Color Corp., 
Cleveland, OH) and released outdoor in the morning 
(between 08:00 AM and 09:00 AM) of December 2nd, 
2006, approximately one hour after dust marking.

To capture released Ae. aegypti females a total of 192 
traps (96 Adultraps8 and 96 MosquiTRAPs6) were 
installed in Olaria. Briefl y, both traps were originally 
designed to capture gravid Ae. aegypti females. Adultrap 
is a black plastic jar with an external plastic screen using 
only water as attractant.8 MosquiTRAP has a glued car 
inside a black plastic jar, using a commercial mixture 
as attractant.6 Adultrap and MosquiTRAP were installed 
in the peridomestic area of adjacent houses and were 
left in the same place until the end of the experiment, 
covering an area of 3.14 km2. Recaptures were carried 
out for 18 days. All collected mosquitoes were brought 
to the laboratory to be identifi ed and checked for the 
presence of fl uorescent mark with an UV light.

As for dispersal, the 192 houses where mosquito traps 
were installed were geo-referenced using a Global Posi-
tion System (GPS; Garmin eTrex personal navigator) to 
calculate distance between releasing and capture points. 
The fl ight behavior of Ae. aegypti females was sum-
marized by a set of dispersal measures: mean distance 
traveled (MDT), maximum distance traveled (MAX), 
and fl ight ranges of 50% (FR50) and 90% (FR90) of the 
population.11,16 Frequency distributions of the marked 
mosquitoes that had traveled <100 m and >200 m from 
the release point were also evaluated.

We also used circular statistics to help understanding 
fl ight dynamics of Ae. aegypti females and most impor-
tantly, if they had an isotropic direction or a uniform 
distribution from the release point. For that, we calcu-
lated the angle formed between the release point and 
collection sites, forming a circular histogram, which 
shows the distribution of fl ight angles (to the south-
north axis), with the North direction set as 0°. Flight 
direction tendencies were visually interpreted based 
on the histogram shape. The Rayleigh test of unifor-
mity was used to calculate the probability of the null 

hypothesis that the data have a uniform distribution.23 
Circular histogram and data analysis were performed 
using Oriana program, v. 2.02.a

Mark-release-recapture (MRR) experiment protocols 
were submitted and approved by Fundação Oswaldo 
Cruz (Fiocruz) Research Ethics Committee (CEP/Fio-
cruz protocol no. 11591-2005).

RESULTS

A total of 46 (6.34%) dust-marked females were recap-
tured, 17 (36.9%) of them collected in Adultraps and 
29 (63.1%) in MosquiTRAPs (Table 1). Dust-marked 
Ae. aegypti mosquitoes were recaptured up to nine days 
after release; the majority of them were recaptured up 
to four days (Table 1).

Ae. aegypti females had an average dispersal of 288.1 
m from the release point. However, the maximum 
distance traveled observed was 690 m, corresponding 
to a single female that fl ew to the southeast direction. 
Additionally, 90% of released females fl ew up to 500.2 
m and 69.0% displaced more than 200 m from the 
release point (Table 2).

Ae. aegypti fl ight showed an isotropic behavior from 
the release point, showing no evidence of a preferred 
direction (z = 0.242; p = 0.787). In fact, a circular histo-
gram constructed with the angles formed by release and 
recapture points emphasizes the uniform distribution 
of fl ight direction (Figure).

DISCUSSION

Recapture rate of Ae. aegypti females were in accor-
dance with other similar studies performed in Rio de 

Table 1. Number of fl uorescent dust-marked Aedes aegypti 
females collected in Olaria with 192 mosquito traps (96 
Adultraps and 96 MosquiTRAPs). Rio de Janeiro, Southeastern 
Brazil, 2006.

Day
Adultrap MosquiTRAP

Marked Ae. 
aegypti 

Marked Ae. 
aegypti 

2 7 11

4 7 10

6 2 6

9 1 2

11

13

16

18

Total 17 29

Recapture rate (%) 2.34 4.00

a Isle of Anglesey: Kovach Computing Services 2007 [cited 2007 May 9]. Available from: http://www.kovcomp.com/Oriana
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Janeiro, even when recapture effort was confi ned to a 
smaller area.13 As there is no evident physical or geo-
graphical obstacle in Olaria, mosquito emigration was 
expected to be less controlled than in other studies in 
areas with physical barriers.9,13,17,21,22

Dispersal of Ae. aegypti females in Olaria was higher 
than that seen in two other districts of the city of Rio de 
Janeiro and in other areas with physical and geographical 
barriers. 9,13,17,21,22 In Favela do Amorim, an urban area 
with high human density and container availability, Ae. 
aegypti females had an MDT of around 50 m and a MAX 
of 151 m. In Tubiacanga, a suburban area with a human 
density three times lower than Favela do Amorim, MDT 

was approximately 80 m with a maximum displacement 
of 363 m.13 Since mosquito fl ight seems to be associated 
to the heterogeneity distribution of blood sources7 and 
oviposition sites,5 low availability or container elimina-
tion during dry season or control campaigns may increase 
mosquito dispersal rates because females would have to 
fl y longer distances to lay their eggs.3,4,18 Therefore, the 
elimination of small containers during the dry season by 
Honório et al10 before Ae. aegypti releasing may have 
stimulated mosquito dispersal. These authors evaluated 
dispersal by collecting rubidium chloride (RbCl)-marked 
eggs with ovitraps set along varied distance from the 
release point. Several positive ovitraps were found at 
800 m from the release site, the most distant collection 
point, suggesting that the displacement of Ae. aegypti 
females was beyond the most distant collection point.10 
Besides, Honório et al10 amputated proboscis of released 
gravid Ae. aegypti females which may have infl uenced 
the observed dispersal range.

Dispersal is an important parameter in disease transmis-
sion dynamics and vector control. In theory, a disease 
vector able to displace long distances may spread 
pathogens to large areas. According to our results, an 
effective and effi cient control is required that can in-
clude container elimination and insecticide spraying in a 
radius of at least 500 m from a reported dengue case.
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Bars refl ect the number of mosquitoes that fl ew in that 
specifi c direction.

Figure. Circular histogram of the distribution of fl ight angles 
of dust-marked Ae. aegypti females released in Olaria and 
recaptured with Adultraps and MosquiTRAPs. Rio de Janeiro, 
Southeastern Brazil, 2006.
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Table 2. Dispersal measures of dust-marked Ae. aegypti females released in Olaria and compared with similar experiments 
performed in residential areas worldwide. Rio de Janeiro, Southeastern Brazil, 2006.

Measure

Unconstrained 
dispersal

Dispersal constrained by physical and/or geographical barriers

Olaria
Favela do Amorim* Maciel-

de-Freitas et al13 2007
Tubiacanga* Maciel-
de-Freitas et al13 2007

Australia Muir 
& Kay17 1998

China Tsuda 
et al22 2001

MDT (m) 288.12 53.1;39.5 80.9;86.8 56 35;59

FR50 (m) 314.0 52.8;38.5 72.3;51.1 33 -

FR90 (m) 500.2 91.5;71.3 137.9;151.1 108 -

MAX (m) 690 151.9;99.5 363.1;248.3 150 ~75

Females fl ying up 
to 100 m (%)

11.90 96.5;100.0 83.4;60.2 - -

Females fl ying 
beyond 200 m (%)

69.04 0;0 8.7;2.3 - -

MDT: mean distance traveled
FR50: fl ight range of 50% of the population
FR90: fl ight range of 90% of the population
MAX: maximum distance traveled
* Dispersal data from Favela do Amorim and Tubiacanga are presented as dry season/wet season estimates.
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Container productivity, daily survival rates and dispersal of  
Aedes aegypti mosquitoes in a high income dengue epidemic  

neighbourhood of Rio de Janeiro: presumed influence of differential 
urban structure on mosquito biology

Mariana Rocha David, Ricardo Lourenço-de-Oliveira, Rafael Maciel de Freitas/+

Laboratório de Transmissores de Hematozoários, Instituto Oswaldo Cruz-Fiocruz, Rio de Janeiro, RJ, Brazil

Different urban structures might affect the life history parameters of Aedes aegypti and, consequently, dengue 
transmission. Container productivity, probability of daily survival (PDS) and dispersal rates were estimated for 
mosquito populations in a high income neighbourhood of Rio de Janeiro. Results were contrasted with those previ-
ously found in a suburban district, as well as those recorded in a slum. After inspecting 1,041 premises, domestic 
drains and discarded plastic pots were identified as the most productive containers, collectively holding up to 80% 
of the total pupae. In addition, three cohorts of dust-marked Ae. aegypti females were released and recaptured daily 
using BGS-Traps, sticky ovitraps and backpack aspirators in 50 randomly selected houses; recapture rate ranged 
from 5-12.2% within cohorts. PDS was determined by two models and ranged from 0.607-0.704 (exponential model) 
and 0.659-0.721 (non-linear model), respectively. Mean distance travelled varied from 57-122 m, with a maximum 
dispersal of 263 m. Overall, lower infestation indexes and adult female survival were observed in the high income 
neighbourhood, suggesting a lower dengue transmission risk in comparison to the suburban area and the slum. 
Since results show that urban structure can influence mosquito biology, specific control strategies might be used in 
order to achieve cost-effective Ae. aegypti control.
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The reduction of dengue transmission can be at-
tained primarily by controlling Aedes aegypti popula-
tion density by maintaining it below a critical threshold 
in order to avoid epidemics (Focks 2003). This species, 
Ae. aegypti, is highly associated with human dwellings 
and most often breeds in man-made containers (Maciel-
de-Freitas et al. 2007c). Theoretically, targeting the most 
productive containers, i.e., the ones that host high num-
bers of pupae might produce a focused and cost-effec-
tive control approach, which could result in reduction of 
adult mosquito populations (Focks 2003).

As in other metropolitan areas throughout the world, 
Rio de Janeiro (RJ) is a highly heterogeneous city, with 
slums and luxurious houses sometimes in close proxim-
ity. One can view RJ as a complex urban mosaic, which 
might have several implications on life history param-
eters of Ae. aegypti and, consequently, on dengue trans-
mission (Luz et al. 2003, Lourenço-de-Oliveira 2008). 
This report aims to evaluate container productivity, 
adult dispersal and daily survival rates of Ae. aegypti 
in the high-standard and high-income neighbourhood of 
RJ, named Urca, and compare results with data gathered 
in similar reports of slums and suburban areas.

Field experiments were conducted in an isolated 
section of Urca (22°56’43”S 43°09’42”W) with 1,078 
premises. Urca, a sparsely populated neighbourhood 
(297.1 inhabitants/ha), occupies an area of 13.41 ha and 
is located on the base of Sugar Loaf Mountain, which 
is one of the country’s most important tourist sites. It 
is characterised by regular blocks with high standard 
dwellings, abundant vegetation coverage, a piped water 
supply and garbage collection. Houses are most often 
in the form of duplexes with at least three dorm rooms. 
The houses generally have large and shaded perido-
mestic environments, the majority containing private 
pools. The field site is enclosed by Guanabara Bay and 
Sugar Loaf Mountain, where it is isolated from its sur-
roundings. Thus, we expected to minimise mosquito 
losses by emigration during field experiments. In March 
2007 and March 2008, a house index (HI) of 2.67 and 
0.0, respectively, was observed in Urca neighbourhood 
(SMS 2008). House-to-house surveys of 534 premises 
(49.53%) were conducted during March 2007 and of 507 
(47.03%) premises during March 2008 (summer). When 
entry was permitted by the house owner, all containers 
were inspected, and immature larvae were collected and 
brought to the laboratory for identification by following 
established identification keys.

Ae. aegypti used in the mark-release-recapture 
(MRR) experiment were derived from a laboratory 
colony that is constantly renewed with field-collected 
eggs at least twice a year. Larvae were fed with fish food 
(Tetramin®) and raised at 25 ± 3ºC with 60 ± 5 relative 
humidity. Adults were fed ad libitum with 10% sucrose 
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solution until the day of release. MRR experiments were 
performed during the dry season (September 2007) 
when dengue cases are often reduced in RJ. During this 
period, a north-western wind with an average speed of 
1.4 Km/h was registered during mosquito release. Pri-
or to release, 2-3-day-old females were split into three 
cohorts, each one with a different colour of fluorescent 
dust (Day-Glo Color Corp, Cleveland) and released at a 
specific point within the study area. Mated and unfed 
Ae. aegypti females were released outdoors, less than  
1 h after dust-marking, in reasonably equidistant points 
(about 150 m from each other).

Captures started on the following day after release 
and were performed daily for 10 days. Each day, 45 
houses were randomly selected for aspiration (John W 
Hock, Gainesville, FL), which was done for 15-20 min 
per house, including the peridomestic area. A BGS-Trap 
(BioGents GmbH, Ragensburg), which preferentially 
captures blood-seeking Ae. aegypti females (Maciel-
de-Freitas et al. 2006b), was installed in five houses, re-
mained there throughout the experiment and was moni-
tored daily. Eventually, aspiration was performed in a 
house in which a BGS-Trap was installed. Finally, 15 
sticky ovitraps were installed at the boundary of the field 
site as an attempt to capture emigrating mosquitoes and 
they were examined at the end of the MRR experiment. 
Daily captures ended when no marked females were col-
lected over three consecutive days. The locations of the 
release and collection points were geo-referenced using a 
global positioning system (GPS; Garmin eTrex personal 
navigator, Garmin International, Olathe) to calculate the 
distance flown by Ae. aegypti females. Mosquito flight 
behaviour was calculated after assessing mean distance 
travelled (MDT), maximum distance travelled (MAX) 
and flight ranges (FR) of marked individuals (Morris et 
al. 1991). The MDT of the three cohorts released was 
compared by a two-sample unpaired Student’s t-test 
with Welch’s correction, due to the different standard 
deviations measured between cohorts (Zar 1999). The 
probability of daily survival (PDS) was estimated by 
fitting the exponential and nonlinear models to data us-
ing the R.2.8.0 (R Development Core Team 2008) soft-
ware, despite some evidence that Ae. aegypti mortality 
varies with increasing age (Gillies 1961, Buonaccorsi 
et al. 2003, Styer et al. 2007). PDS values of the three 
cohorts released were compared by a two sample t-test 
(Zar 1999). From the lower and upper 95% limits of the 
confidence interval of nonlinear PDS estimation, we 
derived the following: (i) the average life expectancy 
(ALE), defined as 1/-loge PDS (Niebylski & Craig 1994) 
and (ii) the expected proportion of mosquitoes surviving 
long enough to transmit dengue virus, defined as PDS10 
(where 10 is the duration of the extrinsic incubation pe-
riod for dengue) (Salazar et al. 2007).

Container productivity, dispersal and PDS in Urca 
were compared to data gathered in two other dengue-
endemic neighbourhoods in RJ with contrasting urban 
characteristics: a slum (Favela do Amorim) and a sub-
urban area (Tubiacanga) (Table I) (Maciel-de-Freitas et 
al. 2007a, c). MDT values of Urca, the slum area and 
the suburban neighbourhoods were log-transformed be-

cause this variable presented non-normal distribution 
and they were compared by one-way ANOVA, followed 
by Tukey-Kramer multiple comparisons post-test. We 
also used a generalised estimation equation (GEEs) to 
evaluate the effect of the study area (categorical variable: 
Tubiacanga/Amorim/Urca), season (categorical variable: 
dry/wet) and days after release (continuous variable) on 
mosquito dispersal. GEEs are linear regression models 
with a correction of variance caused by the blocking 
design (cohorts), which was fitted to our data assuming 
an exchangeable correlation structure (Quinn & Keough 
2002). The PDS values obtained in the three settlements 
were contrasted by comparing the point estimates of sur-
vival rates by a two-sample unpaired t-test (Zar 1999). 
Since there were no differences within cohorts survival 
in suburban and slum neighbourhoods (Maciel-de-Frei-
tas et al. 2007a), we used the mean number of dust-
marked mosquitoes collected per day to create a mean 
cohort, which was analysed using the R.2.8.0 (R Devel-
opment Core Team 2008) software.

In March 2007, 507 premises (47.03%) and 3,495 
water-holding containers were inspected. A total of 105 
pupae and 2,148 larvae of Ae. aegypti were collected in 
41 positive houses, resulting in an HI of 8.08% and a 
mean of 0.056 pupae per person. The most productive 
containers were domestic drains and discarded plastic 
pots, with 59.04% e 22.85% of collected pupae, respec-
tively (Table II). In March 2008, 534 (49.53%) premises 
were inspected. A total of 60 pupae and 439 larvae of Ae. 
aegypti were collected in 2,848 water-holding contain-
ers, resulting in an HI of 6.74% and a mean pupae to per-
son ratio of 0.032. The most productive containers were 
domestic drains and plastic pots (Table II). During this 
survey, 14 Aedes albopictus larvae were collected.

A total of 1,750 marked Ae. aegypti females were re-
leased. Capturing efforts lasted 10 days and an overall 
recapture rate of 9.77% was observed, varying from 5% 
(Cohort 3) to 12.2% (Cohort 1) between cohorts. Females 
released in cohort 1 showed lower survival than females 
released in cohort 3 (t = 3.43, df = 12, p < 0.05). However, 
no significant differences were observed in PDS values 
between cohorts 1 and 2 (t = 1.63, df = 13, p > 0.05) and 
between cohorts 2 and 3 (t = 1.66, df = 13, p > 0.05). ALE 
varied from 1.93-4.88 days, with a maximum of around 
13% of Ae. aegypti females surviving long enough to 
transmit dengue (Table III).

The PDS of Ae. aegypti females varied significantly 
between neighbourhoods. The three cohorts released in 
the high income area (Urca) had a lower PDS in compari-
son to the slum (Favela do Amorim): cohort 1: t = 20.31, 
df = 18, p < 0.05; cohort 2: t = 8.22, df = 18, p < 0.05; 
cohort 3: t = 5.83, df = 19, p < 0.05. When compared with 
the suburban neighbourhood (Tubiacanga), two cohorts 
from Urca had lower survival rates (cohort 1: t = 9.16,  
df = 15, p < 0.05; cohort 2: t = 2.87, df = 15, p < 0.05), 
and one cohort was statistically similar (cohort 3: t = 0.73,  
df = 16, p > 0.05). PDS in the slum was higher than in the 
suburban neighbourhood (Maciel-de-Freitas et al. 2007a).

Ae. aegypti females had an overall displacement of 
82.5 m. Higher displacement was observed for seven 
females, which travelled more than 260 m from their re-
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lease point (Table IV). Cohort 3 flew longer distances 
than cohort 1 (t = 4.25, df = 75, p < 0.001) and cohort 
2 (t = 5.91, df = 88, p < 0.001). No significant differ-
ences were found between distances travelled by cohorts 
1 and 2 (t = 1.72, df = 125, p > 0.05). Sticky ovitraps 
installed in the boundary of field site captured three fe-
males from cohort 2 and 11 females from cohort 3. Over-
all, Ae. aegypti females displaced similar distances in 
comparison with those in the suburban area (p > 0.05), 
but they presented higher displacement than those in the 
slum (p < 0.001). The multivariate linear model fitted 
to data points for “time after release”, “area (suburban)” 
and “area (high income)” showed significant effects on 
dispersal (Table V). The MDT observed in Urca was in-
termediary when compared with the suburban (higher) 
and the slum (lower) areas. Assuming that cohort cor-
relation was negligible (p = 0.033), we may use the R² to 
measure the goodness-of-fit. We found R² = 0.40.

These results reinforce the notion that urban charac-
teristics may influence mosquito biology and, probably, 
dengue transmission. Differences observed in mosquito 
parameters, such as infestation levels and PDS between 
areas suggest a higher probability of dengue transmission 
in the slum area and a lower risk in the high income area. 
This scenario is reinforced by taking into account the re-
cent history of dengue notifications (2000-2008) in these 
three neighbourhoods (Table I). Remarkably, almost 10 
times more dengue cases were registered in the slum area 
than in the high income area during 2000-2008.

In house-to-house surveys performed in the high 
income area, domestic drains and abandoned plastic 
pots were the most productive containers, which to-
gether accounted for up to 82% of the total pupae col-
lected. Meanwhile, the most productive container types 
found in slum and suburban areas were water tanks and 
metal drums (Maciel-de-Freitas et al. 2007c), which 
was expected due to the irregularity of the water sup-
ply (Barrera et al. 1993). In field studies conducted in 
the United States, higher infestation, measured by HI, 
was observed in substandard areas as compared to that 
in standard areas (Tinker 1964, Von Windeguth et al. 
1969). The major achievement of this report is to show 
that, in unplanned metropolitan areas, such as RJ and 
several other cities throughout the world, governments 
may want to adopt specific control activities regarding 
aspects of mosquito biology in each neighbourhood, in-
stead of a uniform control approach for the whole city 
(Lourenço-de-Oliveira 2008).

The pupal surveys indicated two small-sized con-
tainers that are often susceptible to the rainfall regime, 
domestic drains and abandoned plastic pots, as the most 
productive containers. These findings are in agreement 
with a similar pattern observed in Trinidad (Focks & 
Chadee 1997). This observation suggests that the adult 
mosquito population may have high fluctuations during 
the year, a different scenario than was observed in the 
slum and suburban areas, where permanent and large-
sized containers were more productive during dry and 
wet seasons (Maciel-de-Freitas et al. 2007c). In the high-
income area, an educational campaign to alert the public 
of the importance of private pools and plastic containers 
(buckets and pots) may result in a decrease of 35% on 
the adult mosquito population. On the other hand, educa-
tional campaigns might not achieve positive results easily 
in the slum and suburban neighbourhoods, where house-
holds have a deficient supply of piped water and, conse-
quently, have a habit of storing large containers of water.

The vectorial capacity formula represents the daily 
rate of potentially infective contacts between mosqui-
toes and human beings (Garret-Jones 1964). In the Ae. 
aegypti-dengue virus system, the daily survival rate of 
adult females is one of the most important parameters 
in dengue transmission models, since small increases in 
survival may exponentially increase the vectorial capac-
ity of mosquitoes (Garret-Jones 1964, Kuno 1995, Luz 
et al. 2003). The survival rate of Ae. aegypti females 
was higher in the slum when compared to the subur-
ban site (Maciel-de-Freitas et al. 2007a). The lower PDS 
observed in the high-income neighbourhood, in com-
parison with the slum and suburban sites, is probably 
the end result of several components. The most obvi-
ous aspect would be the lower human density in Urca. 
Maciel-de-Freitas et al. (2007b) observed a tendency 
towards higher Ae. aegypti survival in areas with a high 
human density. In more crowded areas, such as slums, 
mosquitoes would not have to displace far to find blood 
meals, which would reduce their likelihood of mortality 
by environmental factors, such as wind and daily varia-
tions of temperature and rainfall (Clements & Paterson 
1981). Container productivity profiles may also be im-
portant to determine adult mosquito daily survival. The 
higher productivity of small, non-permanent containers 
in Urca and of large, permanent containers in the slums 
and suburban areas may influence larval competition. 
This could possibly produce adults of different sizes 
and affect several aspects of mosquito biology, includ-

TABLE I

Total number of dengue cases from 2000-2008 in the three neighborhoods in Rio de Janeiro where mark-release-recapture 
experiments were performed

2000 2001 2002 2003 2004 2005 2006 2007 2008 Total

High income 1 17 69 3 0 1 13 46 74 224
Suburban 25 71 755 9 1 3 24 42 607 1,537
Slum 12 216 907 14 4 7 27 47 861 2,095
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ing survival and virus susceptibility (Nasci 1986, Nasci 
& Mitchell 1994, Alto et al. 2005, Maciel-de-Freitas et 
al. 2007b). A last explanation may depend on the habits, 
education and socioeconomic level of Urca households 
in contrast with residents of slums and suburban neigh-
bourhoods. During pupal surveys and adult mosquito 
collections, health agents frequently observed commer-
cial insecticides inside houses. Estimating the impact 
of this finding on mosquito survival rates seems pro-
hibitive, but this uncontrolled variable obviously has a 
negative effect on Ae. aegypti longevity.

Traditionally, Ae. aegypti is regarded as a mosqui-
to with limited FR (Harrington et al. 2005). MDT and 
MAX obtained in Urca reinforce this assumption and 
agree with previous reports (Muir & Kay 1998, Tsuda et 
al. 2001, Harrington et al. 2005). Mosquitoes presented 
similar dispersal ratios in the high-income and subur-
ban areas and a lower dispersal in the slum. Ae. aegypti 
dispersal might be influenced by the availability of ovi-
position sites and/or blood sources (Edman et al. 1998, 
Maciel-de-Freitas et al. 2006a). In fact, human density 
in the slum (901.2 hab/ha) was higher than in the high-
income (297.1 hab/ha) and suburban neighbourhoods 
(337.4 hab/ha). The mean number and availability of 
water-holding containers per house was similar among 
the three neighbourhoods, but the most productive con-
tainers varied within sites, especially in Urca in com-
parison to suburban and slum areas. The influence of the 
availability and spatial distribution of specific container 
types on mosquito dispersal is still underestimated.

Ae. aegypti dispersal has important consequences for 
dengue control. In Brazil, the identification of a dengue 
case is followed by source reduction, insecticide spray-
ing and larvicide application in a ring area centred at the 
identified dengue case (Macoris et al. 2007). It is likely 
that Ae. aegypti control may be improved if each neigh-
bourhood has particular radius and ring sizes in which to 
focus mosquito control efforts, which may be dependent 
of the number of oviposition sites per area and human 
population density. However, further investigations are 
needed to evaluate this hypothesis. Ae. aegypti dispersal 
was significantly influenced by area but not by season. 
The assumption that mosquito dispersal is constant over 
the year is surprising, since RJ experiences important 
seasonal trends in climate, especially in rainfall. Theo-
retically, the number of water-holding containers might 
be higher during wet seasons, resulting in lower dis-
persal rates (Edman et al. 1998, Lourenço-de-Oliveira 
et al. 2004). However, an extensive analysis of Ae. ae-
gypti dispersal by MRR techniques also found that mos-
quito displacement was not influenced by seasonality  
(Harrington et al. 2005).

Taken together, these results strongly suggest a low-
er risk of dengue transmission in high-income neigh-
bourhoods and a higher risk in slum areas. However, 
further investigations might address if poor neighbour-
hoods have higher risks of dengue transmission in met-
ropolitan areas. Extrapolation from our conclusions 
must be done with caution, since we evaluated mos-
quito biology in only three neighbourhoods in a city 
with more than six million inhabitants. However, our 
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study identified that urban landscape has several im-
plications for the life history parameters of Ae. aegypti 
females in the three study areas. As many other met-
ropolitan urban areas in the tropics, RJ has unplanned 
urbanisation, producing an urban mosaic with slums 
and high-income areas in close proximity to each other. 
The major achievement of our report is to suggest that 
governments adopt specific control activities in each 
neighbourhood regarding aspects of mosquito biology, 
instead of a uniform control approach for an entire city 
(Lourenço-de-Oliveira 2008).
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TABLE III

Survival analysis for three Aedes aegypti cohorts released in Urca, Rio de Janeiro, and captured with backpack battery -  
powered aspirators and BGS-Traps during 10 consecutive days

Cohort Exponential Buonaccorsi ALE (Buonaccorsi)
Alive after 10 daysa

%

1 0.607 0.659 (0.621-0.702) 2.09-2.82 0.85-2.90
2 0.645 0.677 (0.597-0.743) 1.93-3.36 0.57-5.13
3 0.704 0.721 (0.642-0.815) 2.25-4.88 1.19-12.93

a: 10 days, dengue extrinsic incubation period; ALE: average life expectancy.

TABLE IV

Distances in meters travelled by dust-marked Aedes aegypti 
females captured with backpack aspirators and BGS-Trap in 
a high-income neighborhood of Urca, Rio de Janeiro, during 

September 2007

Cohort 1 Cohort 2 Cohort 3

Mean distance travelled 67.48 57.75 122.31
Flight range 50 65.6 46.81 88.45
Flight range 90 118.7 81.22 262.3
Maximum distanced travelled 167.59 197.52 263.75

TABLE V

Generalized estimating equations model for log (dispersal) of 
Aedes aegypti females in mark-release-recapture experiments 

conducted in the high income, suburban and slum districts

Variable Effect SE Wald p

Intercept 3.026 0.237 0.016 < 0.001
Area (Tubiacangaa) 0.651 0.124 0.274 < 0.001
Area (Urcab) 0.853 0.310 7.594 < 0.001
Season (wet) 0.018 0.215 0.007 0.934
Time after release 0.154 0.031 0.245 < 0.001
Correlationc 0.106 0.050 4.522 0.033

a: suburban district; b: high income urban district; c: correla-
tion structure used was the “exchangeable”; SE: standard erro.
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        Introduction 

 Daily survival rate is a key parameter in dengue transmission 
models ( Luz  et al. , 2003 ). Vectors must survive for periods 
longer than the sum of the initial non-feeding period plus the 
virus ’ s extrinsic incubation period in order to be able to infect 
another human. For dengue transmission, this usually means  ≥  
12 days, given that nulliparous females usually do not blood-
feed for  ≥  2 days and the extrinsic incubation period of dengue 
virus is  ≥  10 days ( Kuno, 1995; Salazar  et al. , 2007 ). 

  McDonald (1952)  suggested that the daily survival rate of  Aedes 
aegypti  (L) is constant and independent of age, based on the as-
sumption that mosquitoes die mainly from predation or environ-
mental factors rather than old age. This implies that exponential 
models should describe time-to-capture data from mark-release 
experiments, and several studies have since used these models 
(e.g.  Seawright  et al. , 1977; Reisen  et al. , 1978, 1980 ;  Costantini 
 et al. , 1996 ). However, one potential bias with the direct application 

of exponential models to data such as these is that captured indi-
viduals are permanently removed from the marked population and 
this source of population loss is not considered in simple exponen-
tial models ( Harrington  et al. , 2001 ). Noting this,  Buonaccorsi  
et al.  (2003)  proposed a non-linear model that accounts for both 
sources of loss, but keeps the assumption of age-independent 
 mortality (and age-independent capture rate). Their model showed 
a better fit to data (from Thailand) than the exponential model. 

 Besides survival, another important determinant of vectorial 
potential is dispersal.  Aedes aegypti  is thought to disperse poorly, 
generally flying 50 – 300 m from a release point in mark-recapture 
experiments ( Muir & Kay, 1998; Harrington  et al. , 2001; Tsuda  
et al. , 2001 ). In some cases, however, longer displacements have 
been observed ( Hausermann  et al. , 1971; McDonald, 1977; Reiter 
 et al. , 1995; Honório  et al. , 2003 ). Variation in dispersal distances 
may be driven by heterogeneity in the availability of oviposition 
sites and blood-feeding opportunities ( Forattini, 1962; Edman  
et al. , 1998; Maciel-de-Freitas  et al. , 2006a ). 

                Body size-associated survival and dispersal rates of 
 Aedes aegypti  in Rio de Janeiro  
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 Variation in survival and dispersal (as well as other important 
components of vectorial capacity, such as fecundity and blood-
feeding behaviour) may be partially explained by variation in 
adult size ( Macdonald, 1956; Nasci, 1986a, 1991 ), which is 
ultimately a manifestation of larval habitat quality ( Nasci & 
Mitchell, 1994 ). Inadequate nutrition and/or overcrowding dur-
ing the larval development of mosquitoes can be associated with 
reduced adult size, shorter longevity, higher susceptibility to 
 arboviral infections and replication under laboratory conditions 
( Hawley, 1985; Nasci & Mitchell, 1994; Tun-Lin  et al. , 2000; 
Braks  et al. , 2004; Alto  et al. , 2005 ). Smaller females tend to 
blood-feed more frequently than larger females ( Scott  et al. , 
2000 ), presumably because they emerge with lipid reserves that 
are often inadequate to develop ovaries to stage II and complete 
oogenesis from the first bloodmeal ( Macdonald, 1956 ). By 
contrast, field studies conducted in Louisiana showed that 
smaller  Ae. aegypti  were not abundant among blood-fed females 
 collected with a battery-powered aspirator, suggesting a higher 
survival rate for larger individuals ( Nasci, 1986a ). 

 Dengue transmission is a serious public health problem in 
most large cities in Brazil, particularly Rio de Janeiro, a city 
regarded as lying in the centre of the region where dengue is 
most endemic and the most significant dissemination point in 
the country ( Lourenço-de-Oliveira  et al. , 2004 ). The objective 
of this study was to test the hypothesis that body size influences 
survival and dispersal rates of  Ae. aegypti  in a dengue-endemic 
area of Rio de Janeiro. Two non-overlapping size classes of 
adults were developed by rearing larvae under poor and rich diet 
conditions. The survival and dispersal of these individuals were 
estimated using mark-release-recapture (MRR) methods.  

  Materials and methods 

  Study area 

 The study was conducted in Tubiacanga, a suburban district 
located at Ilha do Governador, an island in Guanabara Bay in 
the northeast part of the city of Rio de Janeiro (22°47 ′ 08 ′  ′ S, 
43°13 ′ 36 ′  ′  W). Tubiacanga is a geographically isolated neighbour-
hood,  limited by Guanabara Bay and runways at the international 
 airport. Because the nearest settlement is 2.1 km away, mosquito 
emigration is not expected to be important in Tubiacanga, in 
which approximately 2900 inhabitants live in about 850 houses. 
In 2005, three cases of dengue were recorded in Tubiacanga; in 
2006, up to the 18th  ‘ entomological week ’  (beginning of May), 
21 cases of dengue were reported. (For further details on 
Tubiacanga, see  Maciel-de-Freitas  et al. , 2007a , b).  

  Wing length of wild mosquitoes 

 To estimate the distribution of wing length in Tubiacanga ’ s 
natural population of  Ae. aegypti , a sample of 254 females and 
311 males was collected with a battery-powered aspirator a 
few weeks before the experiment began and their wings were 
measured under a dissecting microscope with an ocular micro-
meter. Wing length was defined as the distance from the  axillary 

 incision to the apical margin excluding the fringe ( Harbach & 
Knight, 1980 ). Female wing length ranged from 2.25 mm to 
3.62 mm (mean ± standard deviation [SD] 2.80 ± 0.29 mm) and 
followed a normal distribution (Kolmogorov – Smirnov D = 
0.073;  P  < 0.05). Male wing length ranged from 1.28 mm to 
2.75 mm (mean ± SD 1.92 ± 0.31 mm) and featured an ap-
proximately normal distribution (D = 0.048;  P  < 0.05).  

  Producing adults in two non-overlapping size classes 

 The  Ae. aegypti  used in the experiments were derived from a 
laboratory colony that is routinely renewed with eggs collected 
in the field in Rio de Janeiro. Larvae for the experiment were 
reared in laboratory conditions (25 ± 5° C and 60 ± 8% RH) 
under two distinct diets in order to obtain adults within two 
non-overlapping wing size intervals. 

 The poor diet consisted of 1.25 g of fallen avocado leaves, 
collected from the field, washed, sun-dried for  ≥  2 days, broken 
into pieces (4-cm 2  maximum), weighed and finally mixed with 
1400 mL of unchlorinated water in a plastic basin. This mix-
ture rested for 7 days, and 1.25 g of chitosan, an analogue of 
insect chitin used to simulate the remains of arthropods, was 
added to provide a protein component to the larval diet. Groups 
of 120  Ae. aegypti  first instar larvae were placed in the plastic 
basins 7 days after the addition of chitosan. After 12 – 17 days, 
the poor diet produced females with a mean ± 2 SD wing 
length of 2.58 ± 0.22 mm (range 2.36 – 2.80 mm) and small 
males with a wing length (mean ± SD) of 1.68 ± 0.16 mm 
(range 1.52 – 1.84 mm). 

 Individuals on the rich diet were raised under the same condi-
tions described above, with a hay infusion substituted for the 
avocado leaves. To further improve the rich diet, when larvae 
were 4 days old, an additional 1.25 g of hay infusion was added 
to the plastic basins. After 10 – 13 days, the rich diet produced 
females with a mean ± 2 SD wing length of 2.99 ± 0.14 mm 
(range 2.85 – 3.13 mm) and large males with a mean ± SD wing 
length of 2.02 ± 0.13 mm (range 1.89 – 2.15 mm). The range of 
female wing lengths, measured as mean ± 2 SD, did not overlap 
between diets. However, the range of wing lengths in males 
showed some overlap, and we opted to use only those with 
wings in the interval of the mean ± SD. After emergence, adults 
were provided with a daily 10% sucrose solution until the time 
of release. 

 Female wing lengths of laboratory-reared mosquitoes are in 
accordance with other investigations, which reported small class 
mean sizes between 2.48 mm and 2.55 mm and amplitude rang-
ing between 2.25 mm and 2.95 mm, and large class mean sizes 
between 2.96 mm and 3.26 mm, with amplitude ranging bet-
ween 2.96 mm and 3.40 mm ( Nasci & Mitchell, 1994; Naksathit 
& Scott, 1998 ).  

  Mark, release and recapture 

 Because the day of emergence varied among groups (as a 
result of the nutritional conditions), mosquitoes were released 
in batches, as individuals reached 4 – 5 days old. Marking with 
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fluorescent dust (Day-Glo Color Corp., Cleveland, OH, U.S.A.) 
was performed < 30 min before release (at 08.00 – 09.00 hours) 
in small cylindrical cages, where the fluorescent dust was sprin-
kled. Fluorescent dust marking is the most commonly used 
method in MRR experiments and has no effect on mosquito sur-
vival or behaviour ( Service, 1993; Muir & Kay, 1998; Hagler & 
Jackson, 2001 ). Mosquitoes released on different days were 
marked with different colours of dust. 

 Recapturing was performed with CDC backpack aspirators 
and BG-Sentinel (BGS) traps ( Clark  et al. , 1994; Maciel-
de-Freitas  et al. , 2006b ). BG-Sentinel traps are baited with a 
combination of lactic acid, ammonia and caproic acid, sub-
stances that are found on human skin. Battery-powered BGS 
traps generate ascending and descending air flows that attract 
mosquitoes flying in the vicinity, and have been shown to be an 
efficient means of capturing host-seeking female  Ae. aegypti  
( Maciel-de-Freitas  et al. , 2007b ). 

 Every day from day 1 after the first release, 15 houses were 
randomly selected and aspirated for 15 – 20 min, both indoors 
and outdoors. Another set of 15 randomly selected houses 
received one BGS trap each, which was inspected every day. 
The BGS traps remained installed in the same houses for the 
entire duration of the study. By chance, aspiration was occasion-
ally carried out in a house where a BGS trap was installed. Daily 
captures stopped when no dust-marked individuals were col-
lected by any method for 3 consecutive days. 

 Captured mosquitoes were examined under ultraviolet light 
to check for the presence of fluorescent dust. Marked mosqui-
toes were separated by sex, and classified as small or large based 
on wing length measurements. Four dust-marked captured mos-
quitoes (three males and one female) had wing lengths that were 
intermediate between the small and large classes; these were 
removed from analysis as their size group was unclear.  

  Survival under laboratory conditions 

 Thirty recently emerged individuals from each size class and 
sex were isolated individually in labelled cylindrical plastic  vials 
(6.5 cm height, 2.5 cm diameter) containing moistened cotton 
overlaid with filter paper on the floor of the vials, as substrate 
for oviposition. The top was covered with mosquito netting. 
These adults were kept in the laboratory at 25 ± 5° C and 60 ± 
8% RH ( Maciel-de-Freitas  et al. , 2004 ) and provided with 10% 
sucrose solution daily. The RH inside the vials varied from 80% 
to 85%. Survival rate was measured by counting the number of 
dead individuals daily. Survival curves of males and females on 
poor and rich diets were compared by log-rank test ( Kleinbaum, 
1996 ). Wing lengths of all dead individuals were measured to 
check whether they fitted into the appropriate size groups.  

  Survival in the field 

 The probability of daily survival (PDS) was estimated by fit-
ting the exponential model ( Gillies, 1961 ) and the removal-cor-
rected model ( Buonaccorsi  et al. , 2003 ) to capture data for 
males and females reared on the two diets. The exponential 

model was fit by least squares, after log-transformation. The 
non-linear model was fit using non-linear least squares. The 
slopes of the regression lines of each group (male and female 
 Ae. aegypti  reared on poor and rich diets) were compared by 
two-sample  t -test ( Zar, 1999 ). 

 The average life expectancy (ALE) was calculated from the 
lower and upper 95% confidence interval values of PDS evalu-
ated by the non-linear model, as 1/ –  log e PDS and PDS 10 , 
respectively ( Niebylski & Craig, 1994 ). Additionally, the pro-
portion of females living for  ≥  10 days, when more than 76% of 
orally experimentally infected mosquitoes have the virus in the 
salivary glands ( Salazar  et al. , 2007 ), was also evaluated. The 
latter expression provides the estimated proportion of mosqui-
toes that would survive for long enough to transmit dengue 
virus. Statistical analyses were performed using the statistical 
package R 2.3.1 ( R Development Core Team, 2006 )  .  

  Dispersal 

 Release and recapture data were geo-referenced using a global 
positioning system (GPS) (Garmin eTrex personal navigator, 
Garmin International, Inc., Olathe, KS, U.S.A.  ).   All co-ordinates 
were entered into a geographical information system (GIS), 
which calculated the distances between release and capture 
points. Dispersal patterns of  Ae. aegypti  females and males on 
both diets were summarized by the mean distance travelled 
(MDT) and the maximum distance travelled (MAX) ( Lillie  et al. , 
1981; White & Morris, 1985 ). 

 To evaluate the effect of diet and days since release on mosquito 
dispersal, linear models were fit to male and female data sepa-
rately, as the behaviour patterns of each sex vary (e.g. males fly to 
search for females or nectar; females fly to search for oviposition 
sites, mates, nectar and/or hosts). Goodness-of-fit was evaluated 
by R 2  values. For all analyses, dispersal distances were log-
 transformed, as this variable presented non-normal distribution.  

  Ethical considerations 

 Mark-release-recapture experimental protocols were submit-
ted to and approved by Fiocruz Ethical Committee (CEP/Fiocruz 
protocol number 253/04). The potential increase in the risk 
of disease transmission resulting from the release of female 
Ae aegypti was considered to be negligible, since the numbers 
to be released were insignificant in relation to the size of the 
natural population.   

  Results 

  Survival under laboratory conditions 

 Diet did not have an effect on the survival of males (log-rank 
test:  �  2  = 1.7; d.f. = 1;  P  = 0.19) or females ( �  2  = 0.5; d.f. = 1; 
 P  = 0.479) kept in the laboratory (   Fig.   1 ,    Table   1 ). In fact, 
independently of sex and size, mosquitoes maintained in the 
laboratory presented high rates of survival ( Table   1 ).  
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  Released and recaptured mosquitoes 

 Mosquito release and recapture points are shown in    Fig.   2 . 
A total of 2818 large adults (51% male) and 2245 small adults 
(47% male) were released during the study. Recapture rates 
 varied from 7.5% (rich-diet males) to 13.7% (rich-diet 

 females) ( Table   1 ). The recapture effort, measured from the 
release of the first mosquito group to the last day of collection, 
lasted 17 days. A higher proportion of the catches in BGS 
traps, the odour-baited traps, were females, whereas a higher 
proportion of the CDC backpack aspirator catches were males 
(   Table   2 ).  

     Table   1.     Summary statistics from the mark-release-capture experiment with male and female  Aedes aegypti  produced from poor vs. rich larval diets.     

  

Males Males Females Females  

Poor diet Rich diet Poor diet Rich diet    

PDS by exponential model under laboratory conditions 0.964 0.956 0.981 0.973  
Number of released adults 1059 1427 1186 1391  
Recapture rate (%) 12.27 7.35 11.29 13.73  
PDS by exponential model for recaptured mosquitoes 0.323 0.525 0.712 0.730  
R 2 (exponential model) 0.897 0.955 0.937 0.909  
PDS by non-linear model for recaptured mosquitoes 0.411 0.559 0.743 0.779  
Interval of survivorship * 0.392 – 0.431 0.521 – 0.601 0.716 – 0.772 0.746 – 0.817  
Daily recapture rate (%) 41.09 6.04 4.21 6.27  
Interval of ALE (days) * 1.06 – 1.18 1.53 – 1.96 2.99 – 3.86 3.41 – 4.94  

     * Calculated with the 95% confidence interval provided by the Buonaccorsi non-linear method.      PDS, probability of daily survival; R 2 , coefficient of 
determination; ALE, average life expectancy.      

           Fig.   1.     Survival curves of  Aedes aegypti  males (A) 
and females (B) fed poor vs. rich diets as larvae to 
produce small and large adults, respectively, in 
laboratory conditions. Small male and small female 
treatments started with 28 and 29 individuals, 
respectively.   
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  Survival in the field 

 In field conditions, diet had a significant effect on the sur-
vival rates of males, with larger males living longer than 
smaller males (t = 2.2893; d.f. = 7;  P  < 0.05) ( Table   1 ), but 
the same was not observed for females (t =  –  0.086; d.f. = 19; 
 P  = 0.932). Overall, the daily survival rate of females was greater 
than that of males, for both small and large sizes (small: 

t = 5.617, d.f. = 15,  P  < 0.05; large: t = 4.241, d.f. = 16, 
 P  < 0.05). The expected daily survival rate of smaller females 
was estimated to be 0.712 (exponential model) and 0.743 (non-
linear model), providing an estimated ALE in the range of 
2.99 – 3.86 days ( Table   1 ). The expected proportion of females 
living > 10 days therefore is estimated to be in the range of 
3.54 – 7.51%. 

 Mosquitoes had a higher PDS rate under laboratory condi-
tions than in the field (small males: t = 11.31, d.f. = 62, 
 P  < 0.05; large males: t = 7.042, d.f. = 76,  P  < 0.05; small 
females: t = 5.627, d.f. = 94,  P  < 0.05; large females: 
t = 5.545, d.f. = 103,  P  < 0.05) ( Table   1 ,      Fig.   3 ).  

  Dispersal 

 The MDT of smaller males (32.02 m) was slightly less than 
that of larger males (42.16 m), but this difference was not sig-
nificant (t = 0.904; d.f. = 206;  P  = 0.367) (   Table   3 ,    Fig.   4 ). 
The MAX of larger males was 131.7 m and that of smaller 
males was 104.2 m. By contrast, diet had a significant effect 
on female dispersal. The displacement of smaller females 

      

     Fig.    2.     Points of release and recapture of male and female  Aedes aegypti  with small and large body sizes in Tubiacanga, Rio de Janeiro. Recapture was 
carried out with CDC backpack aspirators and BG-Sentinel traps in 30 houses per day.   

     Table   2.     Number and frequency of recapture of fluorescent dust-
marked mosquitoes by BG-Sentinel trap and CDC backpack aspirator 
in Tubiacanga.     

  

Males Males Females Females  

Poor diet Rich diet Poor diet Rich diet  

 n (%)  n (%)  n (%)  n (%)    

BG-Sentinel trap 34 (26.2) 23 (21.9) 93 (69.4) 125 (65.4)  
CDC backpack 
aspirator

96 (73.8) 82 (78.1) 41 (30.6) 66 (34.6)  
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(measured by MDT) was significantly greater than that of 
larger females (t =  – 10.22; d.f. = 323;  P  < 0.05;  Table   3 ). In 
fact, the MDT as a function of time for smaller females was 
constantly greater than that observed for larger females 
( Fig.   4 ). It is interesting to note that for every measure of 
 dispersal distance shown in  Table   3 , results for males and 
 females reared on rich larval diets were remarkably similar, 
whereas the values for females reared on poor larval diets were 
all nearly twice as great.   

  Discussion 

 This study assessed the effect of body size on the survival and 
displacement of male and female  Ae. aegypti  in the field, through 
an MRR experiment. We found that, overall, females tended to 
live longer than males. Size was a statistically significant deter-
minant of male survival in the field, but apparently not of female 
survival. Generally, smaller females were caught further away 
than larger females and larger males, which were caught at re-
markably similar distances, whereas smaller males travelled 
less far than any other group. 

 Mosquito survival curves in the laboratory were similar to 
other reports for  Ae. aegypti  maintained in analogous situations 
( Day  et al. , 1994; Naksathit & Scott, 1998 ), but were high com-
pared with those in the field, probably as a result of the climatic 
stability and reduced force of mortality in the laboratory (no 
 predation, etc.). Variation in wing length at low and high diets 
was high compared with results from similar studies and may be 
a consequence of less strict laboratory conditions. It is likely 
that more rigid control of temperature and RH can produce 
adults with lower SDs and therefore with lower wing length 
ranges. 

 The results of the MRR experiment show that smaller males 
had a significant higher mortality rate than larger males, proba-
bly as a result of the suboptimal diet of the former. Extrapolation 

     Table   3.     Distances of recapture sites from the release site of dust-
marked  Aedes aegypti  caught with backpack aspirators and BG-Sentinel 
traps in Tubiacanga.     

  

Males Males Females Females  

Poor diet Rich diet Poor diet Rich diet    

MDT (m) 32.02 42.16 78.81 40.94  
FR 50  (m) 18.01 38.95 70.21 36.24  
FR 90  (m) 54.75 81.46 137.32 81.93  
MAX (m) 104.2 131.7 203.3 143.2  

   MDT, mean distance travelled (from release point to site of recapture); 
FR 50  and FR 90 , distance that 50% and 90% of the population dispersed; 
MAX, maximum distance from release point to site of recapture.      
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     Fig.   3.     Number of recaptured  Aedes aegypti  males and females collected per day using backpack aspirators and BG-Sentinel traps as a function of time.   



 290     R. Maciel-de-Freitas  et al.

© 2007 The Authors
Journal compilation © 2007 The Royal Entomological Society, Medical and Veterinary Entomology, 21, 284–292

of this result to the natural population, noting that small wild 
males are quite abundant, suggests that development conditions 
in many containers at Tubiacanga are poor, and that intra- or 
interspecific competition for resources may be an  important 
force driving  Ae. aegypti  population dynamics in this area 
( Braks  et al. , 2004; Honório  et al. , 2006 ). 

 Our results show no difference in survival rates between 
larger and smaller females, contradicting the general hypoth-
esis that larger females live longer under natural conditions 
( Nasci, 1986a, b ). Discrepancies among experiments can be 
explained by differences in food sources and other habitat-
specific mortality factors. For example,  Maciel-de-Freitas 
 et al.  (2007b ) found dif ferences in the survival rates of females 
in neighbourhoods of Rio de Janeiro with different ambient 
characteristics, such as availability of human hosts and ovipo-
sition sites. Further studies should be undertaken to assess the 
effect of body size on survival in areas across a range of envi-
ronmental conditions. Aside from biological factors, the lack 
of a size effect in females may be attributable to the aggrega-
tion of sizes into two classes, and to the experimental design 
itself (MRR). Further studies should be carried out to validate 
this finding. 

 Our observation that survival rates are independent of size 
for females led us to rethink the role of small females as vec-
tors. It is generally accepted that small females take more 
bloodmeals per gonotrophic cycle than larger females, thereby 
increasing the possibility of acquiring and transmitting den-
gue virus ( Scott  et al. , 2000 ). Several studies have shown that, 
in addition to blood-feeding more often, smaller females 
blood-feed more successfully and are more easily infected 
than larger females ( Day & Edman, 1984; Nasci & Mitchell, 
1994; Scott  et al. , 2000; Alto  et al. , 2005 ). If small and large 

females have the same lifespan, the former may have a greater 
vectorial capacity. 

 The ALE values observed for females in Tubiacanga seemed 
to be lower than the minimum required for virus replication and 
consequent dengue transmission ( Salazar  et al. , 2007 ); with our 
results, only  ~  3 – 7% of females would have lived long enough 
to be responsible for virus transmission ( Maciel-de-Freitas 
 et al. , 2007b; Salazar  et al. , 2007 ). 

 Recently, it was proposed that  Ae. aegypti  has a limited dis-
persal ability in Rio de Janeiro ( Costa-Ribeiro  et al. , 2006a, b ; 
 Maciel-de-Freitas  et al. , 2007b ), and that both males and fe-
males disperse only short distances from a release point 
( Harrington  et al. , 2005 ). Our results agree with these find-
ings, and suggest that smaller females disperse further than 
males. In addition, male and female dispersal rates were differ-
ently affected by diet. Although smaller individuals must have 
less energy reserves than larger mosquitoes, and therefore a 
more limited dispersal capacity ( Briegel  et al. , 2001; Briegel, 
2003 ), we found that smaller females dispersed over greater 
distances, presumably as a result of their more frequent host-
seeking activity. 

 Mark-release-recapture experiments are valuable tools for 
probing the life history of insects in the wild. Unfortunately, bi-
ases may arise from this type of experiment, especially when 
working with animals the size of mosquitoes. Recapture rates for 
mosquitoes tend to be lower than those for larger animals and pos-
sibly decrease with time, as mosquitoes disperse to larger areas. 
The sampling design we used in this study (random choice of re-
capture sites) allowed the comparison of diet groups, but we stress 
that a better understanding and estimation of insect movement 
overall will require new technologies, such as the development of 
microchips and long-distance monitoring tools for small animals.    

      

     Fig.    4.     The effect of diet on the distribution of distance from release site at which  Aedes aegypti  males and females were recaptured as a function of time. 
The curves indicate  ‘ mean distance travelled ’  (MDT) for mosquitoes on a poor larval diet (solid lines) and those on a rich larval diet (dashed lines).   
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Influence of the spatial distribution of human hosts and
large size containers on the dispersal of the mosquito
Aedes aegypti within the first gonotrophic cycle
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Abstract. It is generally accepted that Aedes aegypti (L.) (Diptera: Culicidae) has a
short dispersal capacity, and that displacement can be influenced by the availability
of oviposition sites in the surroundings of emergence or release sites. In the present
article, we observed the influence of spatial heterogeneity of large containers and
human hosts on the cumulative flight direction of Ae. aegypti females during the
first gonotrophic cycle, testing the hypothesis that they aggregate in resource-rich
areas, i.e. where there are higher concentrations of large containers and/or humans
per habitation. We analysed data from pupal surveys and mark-release-recapture
experiments (non-blood-fed females were released) carried out in two dengue endemic
neighbourhoods of Rio de Janeiro, Brazil: Tubiacanga (a suburb, with a human density
of 337 inhabitants/ha) and Favela do Amorim (a slum, with a human density of
901 inhabitants/ha). In both areas, host-seeking females of three different release
cohorts showed an overall non-uniform and extensive dispersal from their release
point within 1–2 days post-release. At 4–5 days post-release, when many of the
released females would be expected to be gravid, in Tubiacanga most mosquitoes were
collected in areas with a relatively higher density of containers/premise, independently
of the density of residents/house, whereas in Favela do Amorim, almost half of
the captured mosquitoes were collected in relatively resource-poorer areas. Although
Ae. aegypti dispersal patterns varied between sites, overall the distances travelled
from the release point and the cumulative flight directions were correlated with the
density of containers and hosts, more markedly in Tubiacanga than in Favela do
Amorim.

Key words. dengue, dispersal, host density, landscape, larval habitat container, spatial
analysis.

Introduction

The container-breeding mosquito Aedes aegypti (L.) is the pri-
mary dengue vector worldwide. As a tetravalent dengue vac-
cine is still not available, interventions have mostly focused
on vector control activities such as insecticide application and
container removal, which are, however, very costly initiatives.
Targeting highly infested sites is more cost-effective than
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Sala 414, Rio de Janeiro, CEP 21040-900, Brasil. Tel.: +00 55 21 2552-1285; Fax: +00 55 21 2573-4468; E-mail: freitas@ioc.fiocruz.br

widespread control. The development of targeting strategies
requires the identification of key sites as well as an estimation
of their range of influence (Russell et al., 2005).

According to Harrington et al. (2005), Ae. aegypti usually
disperses less than 200 m from points of emergence or release.
However, under certain circumstances, Ae. aegypti females
may disperse further (McDonald, 1977; Reiter et al., 1995),
probably because blood sources and oviposition sites are less
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prevalent (Edman et al., 1998). A previous study observed
that Aedes albopictus Skuse and Ae. aegypti females dispersed
further in a less favourable environment, where humans and/or
oviposition sites were scarce, and Ae. albopictus dispersed
more slowly and less far when the habitat was more favourable
(Maciel-de-Freitas et al., 2006a).

During the gonotrophic cycle, Ae. aegypti females are
attracted to different resources at distinct times. For instance,
unfed females respond most strongly to host cues, whereas
gravid females are more responsive to oviposition cues. This
article presents further data on the movement and concentra-
tion of Ae. aegypti females of different physiological status
under various ecological conditions, to determine whether or
not there is a correlation between the density of gonotrophic
stage-related resources (such as large water containers and
human habitations) and their cumulative flight direction and
site of capture.

Materials and methods

Study sites

Two study sites were chosen as representative of distinct
urban settings in Rio de Janeiro, Brazil: Tubiacanga (2902 res-
idents; 867 premises; area: 8.6 ha; 22◦47′08′′S; 43◦13′36′′W;
see Supporting information, Fig. S1) and Favela do Amorim
(2992 residents in 897 premises, area: 3.3 ha; 22◦52′30 ′′S;
43◦14′53′′W; see Supporting information, Fig. S2). Although
the population size and number of premises were similar in
the two sites, the total area of Tubiacanga was ∼ three times
that of Favela do Amorim, and hence the population density
differed by three-fold. Tubiacanga is a suburban neighbour-
hood, with relatively homogenous and planned human occu-
pation in houses with two to three bedrooms and large yards,
unpaved streets with well-maintained sidewalks and moder-
ate vegetation coverage. Tubiacanga is a lowland coastal area,
surrounded on two sides by the Guanabara Bay shores, which
is likely to have restricted the extent of mosquito dispersal
out of the area. Favela do Amorim is a typical overcrowded
Brazilian slum, with narrow lanes/roads, inadequate access to
public services and unplanned human occupation. Houses are
small, with rarely more than one room and almost no open
spaces or vegetation. The slum is surrounded by large high-
ways and the Oswaldo Cruz Foundation campus, which is a
largely vegetated, non-residential area, which is assumed to
be unattractive to Ae. aegypti females. The landscape in both
areas consists of low vegetation coverage, composed mainly
of grass and bushes, the terrain is plain and human construc-
tions are mainly houses, with few commercial buildings, and
few houses have air-conditioning. Further details of the study
sites are described elsewhere (Maciel-de-Freitas et al., 2006b,
2007a, b).

Demographic and entomological data

The number of residents/house and outdoor water-holding
containers/premise were recorded during a pupal survey in

the wet season of 2005 (January, in Amorim; and March,
in Tubiacanga) (Maciel-de-Freitas et al., 2007b). A total of
662 (76.3%) and 847 (94.4%) premises were visited in Tubia-
canga and Amorim, respectively. Overall, large and permanent
containers, such as water tanks and metal drums (often used
for water storage) produced the most Ae. aegypti, holding up
to 75% of all pupae in both areas (Maciel-de-Freitas et al.,
2007b). Hence, we restricted our analysis to this class of con-
tainers, i.e. those that permanently held at least 10 L of water.

Mosquito dispersal data comes from mark-release-recapture
(MRR) experiments in these areas that started immediately
after the pupal survey (Maciel-de-Freitas et al., 2007a). The
mosquitoes came from a laboratory colony that is renewed
twice a year with eggs collected from the field in Rio de
Janeiro. In each neighbourhood three cohorts of 3- to 4-day-old
non-blood-fed female mosquitoes were marked with a cohort-
specific colour of fluorescent dust, released outdoors from three
cohort-specific points, with each cohort released 1 day after
the other. Release sites were open areas, such as street cor-
ners and squares and were chosen as they are equidistant from
each other by ∼250–300 m. Recaptures were done daily at
30 houses in each neighbourhood, chosen randomly from all
houses. The density of premises was relatively even through-
out both areas (see Supporting Information, Figs S1 and S2),
and therefore, recapture sites were evenly distributed over the
study areas. On each collection day 15 samples were col-
lected with backpack aspirators and 15 with BG-Sentinel traps
(Maciel-de-Freitas et al., 2006b, 2007a), for up to 16 days.
Aspiration was performed during 15–20 min in the area of
each selected house, including intra- and peridomestic envi-
ronments. Mosquito collections were performed in 254 and
274 houses (∼30% of all houses in each area) in Tubia-
canga and Favela do Amorim, respectively (Maciel-de-Freitas
et al., 2007a). In Tubiacanga, 2390 females were released,
with a recapture rate of 8.8%, over 13 days. In Amorim,
2084 mosquitoes were released and 11.2% recaptured over
16 days.

Insignificant rainfall was registered in Tubiacanga during
the MRR experiment, whereas intense rainfall was recorded
in Favela do Amorim 8 days after the Ae. aegypti females
were released. As rainfall may affect the availability of water-
holding containers, we restricted our current analysis to data
obtained in Favela do Amorim up to day 8. Although wind
direction and strength were not measured during mosquito
release and collections, the release sites were chosen to be
distant from each other, so that any pattern of movement
related to a prevailing wind direction would have become
apparent.

Mosquito physiological status

Dust-marked females were dissected to assess their physio-
logical status at the time of collection based on the appear-
ance of their ovaries. Ovaries were classified according to
Christophers (1911), i.e. stages I, I-II and II were considered
to be in the initial stages of ovarian development; stages III
and IV were in the intermediate stages; and stage V was in the
final stage (gravid females).
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Spatial analysis

Coordinates of all inspected houses (during pupal surveys
and/or MRR experiments), and the release and recapture points
were recorded by a global position system (GPS; Garmin eTrex
personal navigator, Garmin International, Olathe, KS, U.S.A.).
Therefore, we were able to estimate the overall distance of Ae.
aegypti dispersal by calculating the distance between release
and recapture points.

Spatial probability density distributions of containers and
humans were estimated by applying a Gaussian Kernel analysis

to each of the two study sites, with bandwidths appropriate for
each site, i.e. to cover the full range of densities of containers
and hosts recorded for each site (Bailey & Gatrell, 1995; Fortin
& Dale, 2005). On the smoothed spatial distribution maps, the
darker the shade the higher the density for the two variables:
containers/premise and humans/house. A gradient with 10
classes from white (lowest density) to black (highest density)
was applied to the distribution of densities. We classified ‘low
density’ as the lowest three densities, shown as the lightest
three levels in Figs 1–4, ‘medium density’ as the three medium
levels and ‘high density’ as the three highest levels for each

Fig. 1. Distribution of recaptured mosquitoes in relation to smoothed spatial distribution of large size water-holding containers in Tubiacanga.
Containers have higher density in darker areas. Low density = three lightest shades, Medium = three medium greys; High = three darkest shades.
Coloured ‘X’ indicates release point, coloured squares represent density of recaptures, with the size of each square proportional to the numbers
caught (small square: 1 Aedes aegypti female collected per site; medium square: 2–3; large square: more than 3).

Fig. 2. Distribution of recaptured mosquitoes in relation to smoothed spatial distribution of human hosts in Tubiacanga. See Fig. 1 for details of
notation for release and collection points.
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Fig. 3. Distribution of recaptured mosquitoes in relation to smoothed
spatial distribution of large size water-holding containers in Favela do
Amorim. See Fig. 1 for details of notation for release and collection
points.

variable. The numbers of mosquitoes collected at each site are
also shown on the maps, as represented by coloured squares,
the size of which is proportional to the numbers caught (small
square = 1 female collected per site; medium square = 2–3;
large square >3). Smoothed spatial maps were done in the
software Terraview 3.1.3 (2006, free software, INPE, São José
dos Campos, SP, Brazil).

Statistical analysis

For each study site, we plotted the release and recapture
points of all dust-marked females after 1–2, 4–5 and >6 days
after release on the Kernel maps to observe the pattern
of displacement of mosquitoes in relation to the pattern of
distribution of resources. Assuming a mean duration of the

Fig. 4. Distribution of recaptured mosquitoes in relation to smoothed
spatial distribution of human hosts in Favela do Amorim. See Fig. 1
for details of notation for release and collection points.

gonotrophic cycle = 2–3 day, we expected that during the
first 1–2 days after release mosquitoes were likely to be
most responsive to host cues, during the next 4–5 days they
would have been most responsive to oviposition site cues,
and >6 days it would become increasingly difficult to predict
the physiological status of individual mosquitoes, as their
gonotrophic cycles would be less well synchronized by this
time. We had hoped that the data on the distribution of females
>6 days after release might indicate whether mosquitoes tend
to disperse as much in the second gonotrophic cycle in
response to host cues as they do when first released, or if
they tend to remain in the area where they have recently
oviposited.
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As a result of the non-normal distribution of data, the
Mann–Whitney test was used to compare the ratios of con-
tainers and humans per premise in both areas. The Rayleigh
uniformity test was applied to test the null hypothesis that dis-
persal was uniform (isotropic) with respect to the release site
(Zar, 1999).

Results

Tubiacanga

In Tubiacanga, 564 (85.2%) premises were geo-referenced.
The number of containers/premise was skewed (KS = 0.258;
P < 0.0001), with a range of 0–7 (a boat warehouse), and a
median of 1 container/premise. The number of residents/house
was also not normally distributed (KS = 0.152; P < 0.0001),
with a range of 0–9, and a median of 3 residents/house.

The ovaries of 294 females were dissected. The physiolog-
ical status of captured females varied with time, as expected
(Table 1). Almost 74% of females collected 1–2 days after
release had ovaries in the initial development stages, i.e. had
obtained a bloodmeal since being released. At 4–5 days, 37.2%
were intermediate and 60.1% were gravid. For collections
>6 days, females from all stages were collected, but 51.2%
of them were intermediate.

Aedes aegypti collections 1–2, 4–5 and >6 days after
release are shown, together with the spatial distribution of the
density of containers/premise in Fig. 1 and residents/house in
Fig. 2. Overall, the highest proportion of the three released
cohorts were collected in areas of high containers/premise
density (χ2 = 101.1 d.f. = 2, P < 0.05) and moderate resi-
dents/house density (χ2 = 37.8, df = 2, P < 0.05; Table 2).
Even immediately after release (1–2 days), when females were
probably most responsive to host cues, most were collected in
the highest containers/premise density areas (χ2 = 27.9, d.f. =
2, P < 0.05) and the medium to low residents/house density
areas (χ2 = 20.5, d.f. = 2, P < 0.05) (Table 2). The distribu-
tions of mosquitoes 4–5 days post-release were more evenly
distributed between the medium and high densities of both
resources. Finally, 6 days after release, mosquitoes were gen-
erally collected where large containers were most abundant,
but not necessarily where human hosts were most abundant or
where both containers and hosts were most abundant (Figs 1
and 2). It is worth noting that the mosquitoes appear to have
dispersed as far from the release site as they were going to get
within the first 1–2 days. Thereafter, they were caught quite
close to the same sites over the subsequent collections.

The pattern of dispersal varied, however, between the three
cohorts, each of which was released in areas with different den-
sities of containers and residents. All three cohorts were dis-
tributed non-uniformly when flight direction data were pooled
(cohort blue: Z = 37.3, P < 0.01; cohort green: Z = 25.5,
P < 0.01; cohort pink: Z = 4.6, P = 0.01). Of the mosquitoes
in the green cohort, which were released in an area of high con-
tainer and high host densities, by day 4–5, 71.4% had moved
to two other areas that had even higher container densities,
one of which also had a high host density and the other had a
relatively low host density. Overall, green cohort mosquitoes

were collected more frequently in high density container areas
(χ2 = 58.9, d.f. = 2, P < 0.05) and in the same proportions
in medium and high host density areas (χ2 = 0.13, d.f. = 2,
P < 0.05). The mean displacement distance = 68 m (range =
19.2 − 162 m; Table 3) from the release point, and mostly to
the north and south. The blue cohort was released in an area
of high container density, but medium host density. In the
1–2 day collections 36.4% remained near the release point,
and most of the rest moved to the two nearest areas of high
container density. However, by the 4–5 day and >6 day col-
lections, 78.9 and 62.5% were caught near the release point,
even although this area had a medium host density and lower
container density than where they had been caught previ-
ously. Overall, blue cohort mosquitoes were often captured
in areas with medium/high container density (χ2 = 5.3, d.f. =
2, P < 0.05) and medium host density (χ2 = 57.5, d.f. = 2,
P < 0.05). A mean displacement distance = 114 m (range =
8.4 − 216.5 m) from the release point was observed, mainly
to the east and southeast. The pink cohort was released in
an area of low container and low host density, and was
collected more frequently in medium/high container den-
sity (χ2 = 14.2, d.f. = 2, P < 0.05), but in similar propor-
tions in different classes of host density (χ2 = 5.35, d.f. =
2, P < 0.05). A mean displacement distance of 105 m
(range = 18.2 − 248.2 m) was observed from the release
point.

Overall, pooling the data from all three cohorts, there does
not appear to be a preferred compass direction to the dis-
placement of released mosquitoes, which indicates that the
prevailing wind direction did not affect the direction of move-
ment of individuals.

Favela do Amorim

In Amorim 689 (81.3%) premises were geo-referenced.
The number of containers/premise and residents/house were
both skewed (containers : KS = 0.249, P < 0.0001; residents:
KS = 0.193, P < 0.0001). Containers per premise ranged
from 0 to 5, with a median of 1, and residents/house ranged
from 1 to 12 with a median of 3. In Favela do Amorim, con-
tainers/premise and residents/house was similar to that found
in Tubiacanga (containers: P = 0.069; humans: P = 0.448).

Just as in Tubiacanga, the physiological status of captured
female’s ovaries varied with time as expected (Table 1).
At 1–2 days, 62.7% females were in the initial stages.
At 4–5 days, 30.2% were intermediary and 68.75% were
gravid. Finally, for females captured at >6 days, 39.1% were
intermediary.

As in Tubiacanga, the pattern of displacement of mosquitoes
was not uniformly distributed from the release points (blue
cohort: Z = 60.87, P < 0.01; green cohort: Z = 8.91, P =
0.01; pink cohort: Z = 23.82, P < 0.01; Table 4). However,
released mosquitoes did not present a clear tendency of
displacement to areas rich in resources. Pooling data from
the three cohorts, the highest proportion of females were
collected in areas of medium resource density (container: χ2 =
11.4, d.f. = 1, P < 0.05; host: χ2 = 139.7, d.f. = 1, P <
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Table 1. Physiological status of dust-marked Aedes aegypti collected 1–2, 4–5 and >6 days after release in Tubiacanga and Favela do Amorim.
Numbers of female mosquitoes given in each category.

Tubiacanga Favela do Amorim

Ovarian development 1–2 days 4–5 days >6 days 1–2 days 4–5 days >6 days Total

Initial 102 3 13 42 1 11 172
Intermediary 36 42 22 25 29 25 179
Final 0 68 8 — 66 28 170
Total 138 113 43 67 96 64 521

Table 2. Number of mosquitoes captured at each level of container and host density in Tubiacanga, in relation to time since release, for each of
the cohorts, with release site density in brackets.

Green Blue Pink Pooled data

Recapture days Recapture days Recapture days Recapture days

1–2 4–5 >6 1–2 4–5 >6 1–2 4–5 >6 1–2 4–5 >6

Container density
Low 4 0 0 6 0 0 11 0 2 21 0 2
Medium 10 6 2 19 11 5 14 8 9 43 25 16
High 32 15 11 27 16 14 12 13 16 71 44 41
Host density
Low 4 3 0 21 0 0 32 1 0 57 4 0
Medium 17 8 8 30 15 19 15 11 7 62 34 34
High 21 10 5 1 6 0 0 9 9 22 25 14

Density distributions shown in Figs 1 and 2.

Table 3. Mean dispersal distance of Aedes aegypti per cohort, over three recapture periods.

Cohort Mean distance, m (range, m) Days 1–2 Days 4–5 Days > 6

Tubiacanga Green 63 19.2–162 74.4 46.7–162 58.5 19.2–142 50.8 19.2–126.7
Pink 105 18.2–248.2 116.8 24.5–248.2 75.4 18.2–166.7 134.4 24.5–189.8
Blue 114 8.4–216.5 145.2 8.4–216.5 93.6 8.4–156 52.4 8.4–105

Amorim Blue 25 3.2–68.4 18.5 3.2–68.4 23.6 12.5–68.4 31.8 19.6–43.7
Pink 38 5.2–83.8 46.6 5.2–83.8 40.4 5.2–79.4 25.6 5.2–79.4
Green 62 18.8–99.5 50.4 18.8–99.5 61.1 18.8–99.5 70.2 58.2–78.4

Table 4. Number of mosquitoes captured at each level of container and host density in Amorim, in relation to time since release, for each of the
cohorts, with release site density in brackets.

Green Blue Pink Pooled data

Recapture days Recapture days Recapture days Recapture days

1–2 4–5 >6 1–2 4–5 >6 1–2 4–5 >6 1–2 4–5 >6

Container density
Low 4 2 0 10 6 7 15 15 11 29 23 18
Medium 19 24 18 12 13 9 8 9 4 39 46 31
High 0 0 0 0 0 0 0 0 0 0 0 0
Host density
Low 5 2 0 4 5 5 2 0 0 11 7 5
Medium 18 24 18 8 5 5 21 24 15 47 53 38
High 0 0 0 10 9 6 0 0 0 10 9 6

Density distributions shown in Figs 3 and 4.

0.05) (Figs 3 and 4), irrespective of the resource status of their
respective release points. Remarkably, no mosquitoes from the
three cohorts were collected in areas of high container density.
The green cohort was released in an area of low container and
low host density, and steadily moved to the east over the course

of the three sampling periods, until it was collected mainly
in an area of medium container and host density (container:
χ2 = 45.2, d.f. = 1, P < 0.05; host: χ2 = 41.9, d.f. = 2, P <

0.05, Table 4). Overall, 33.8% of pink mosquitoes, which were
released in an area of low density for both resources, remained
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close to the release point throughout all three sampling periods,
with the highest proportion of mosquitoes caught in low
container density areas (χ2 = 6.4, d.f. = 1 P < 0.05) and
moderate host density (χ2 = 54.2, d.f. = 2, P < 0.05). Blue
mosquitoes were also released in an area of low density
for both resources, but moved further away than the pink
cohort, south, southeast and east. However, blue mosquitoes
were collected in statistically similar proportions at different
resources levels (containers: χ2 = 2.1, d.f. = 1, P > 0.05;
hosts: χ2 = 3.2, d.f. = 2, P > 0.05).

Overall, mosquitoes remained closer to the release points
in Amorim than in Tubiacanga, with mean displacements:
blue = 25 m (3.2–68.4 m), green = 62 m (18.8–99.5 m) and
pink = 38 (5.2–83.8 m, Table 3). It is striking that by the
last sampling period, mosquitoes had dispersed across most of
Tubiacanga, whereas in Amorim they were highly concentrated
in only one area, which was of low density for both resources,
irrespective of their respective release sites.

As for Tubiacanga, mosquitoes were displaced in all
compass directions from the original release site, so it appears
that, overall, the prevailing wind directions did not have a
significant effect on dispersal direction, and the maximum
distance travelled in the first 2 days was equal to or greater
than the maximum for later collections (Table 3).

Discussion

The distribution of resources such as the number of contain-
ers/premise and the number of hosts/house might be expected
to have an important effect on mosquito dispersal. Theoreti-
cally, mosquitoes might be expected to have higher displace-
ment rates if released at less favourable sites, where containers
and hosts are scarce, and lower dispersal might be expected
if mosquitoes are released in a resource-rich area (Maciel-
de-Freitas et al., 2006a). Overall, the results for Tubiacanga
support this hypothesis, as cohort dispersal was strongly influ-
enced by the heterogeneous spatial distribution of large con-
tainers and human hosts in the surrounding sites. However, the
influence of container and host density on mosquito dispersal
dynamics seemed to be quite different for Favela do Amorim.
For instance, in Tubiacanga, a significant proportion of
mosquitoes from all three cohorts were collected in areas with a
high density of containers/premise and in areas with a medium
density of residents/house. On the other hand, in Favela do
Amorim mosquitoes were recaptured more frequently in areas
with a low to medium density of resources and, surprisingly,
no individuals were collected in high-density container areas.

The influence of the availability of oviposition sites on Ae.
aegypti movement has been evaluated in field trials conducted
in Puerto Rico (Edman et al., 1998). After elimination of
oviposition sites in part of the study area, the authors observed
higher recapture rates in houses where containers were added,
suggesting Ae. aegypti dispersal is inversely correlated with the
availability of breeding sites. However, the impact of spatial
distribution and concentration of oviposition sites and human
hosts on mosquito flight direction were unknown. Results pre-
sented here suggest that mosquitoes did not fly equally in all

directions, but rather they tended to concentrate in areas of
medium to high container density, and medium human density
in the relatively less densely populated town of Tubiacanga,
whereas in the more densely populated town of Amorim,
mosquitoes tended to remain in two areas of low to medium
resource density.

Overall, net dispersion of females occurred within the first
1–2 days; recaptures rarely occurred at greater distances on
subsequent sampling days. This result suggests that Ae. aegypti
females moved the furthest in the first few days after release,
perhaps because it took that long to locate a bloodmeal, or
due to the disturbance of marking and release procedures.
There was a tendency to recapture females in the same areas
on 4–5 and >6 days post-release. In Tubiacanga, mosquitoes
showed a remarkable tendency to concentrate in areas where
large oviposition sites were abundant, independently of human
density. In Favela do Amorim, however, mosquitoes were
recaptured most often in two areas; one with a low resource
density and the other with a moderate resource density.

This differential displacement pattern in Tubiacanga and
Favela do Amorim might be a consequence of the noteworthy
differences in the overall human density between the two sites
(∼300 habitations/ha in Tubiacanga and ∼900 habitations/ha
in Favela do Amorim). In both study areas, the mean
number of large size containers was similar (ranges: 0–7
and 0–5, respectively, median 1 for both) and the number
of residents/house was also similar (ranges: 1–9 and 1–12,
respectively, median = 3 for both). As the overall human
density is lower in Tubiacanga (300 inhabitants/ha vs 900
inhabitants/ha), it may be that mosquitoes had to fly longer
distances to locate human hosts during the first 1–2 days
post-release. Afterwards, 4–5 days post-release, females were
probably gravid and remained wherever they had found a
bloodmeal and a breeding container, a behaviour which was
also observed with mosquitoes collected >6 days after release.

Data gathered in Tubiacanga suggests Ae. aegypti females
were more influenced by container density than human host
density. Data from Favela do Amorim are more difficult
to interpret. All three cohorts were released in low-density
resource areas and did not exhibit a clear tendency to
concentrate in areas where containers and/or hosts were
abundant. In fact, mosquitoes were collected in areas of low
to medium resource density, never where containers were at
high density and rarely (13.4%) when hosts were at high
density. These finding may partially be an artefact of at least
four limitations of our methodology: (i) some premises with
high numbers of containers or inhabitants may not have been
analysed because they were not inspected in pupal surveys
because of non-compliance of the house owner, (ii) there were
difficulties in establishing the coordinates of some inspected
houses, (iii) there may have been some geographical barriers
to mosquito displacement which were not taken into account,
and (iv) there may be some discrepancies between the actual
and estimated densities of containers and inhabitants.

In Favela do Amorim, 94.4% of houses were inspected,
but only 81.3% of houses were geo-referenced. Thus, it is
possible that in one of the houses we were not able to
gather full data for the high numbers of inhabitants and/or
oviposition sites, modifying smoothed maps and possibly data
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analysis. Also, in Favela do Amorim, all cohorts moved
towards the southeast corner of the study area, with blue-
marked mosquitoes remaining in the presumed moderate
resource area and green- and pink-marked mosquitoes were
collected only in low resource density areas. Surprisingly, the
spatial distribution of pink- and green-marked mosquitoes did
not overlap with the distribution of blue mosquitoes. Some
environmental characteristic such as wind and geography may
have limited the direction in which mosquitoes dispersed.
Obviously, wind direction and strength have an important role
in the ability of mosquitoes to locate hosts and oviposition cues
(Takahashi et al., 2005). However, we believe the direction and
degree of dispersal of Ae. aegypti females in Tubiacanga and
Favela do Amorim was unaffected by the wind as 1–2 days
after release, mosquitoes from each cohort were captured in
almost all directions from release points.

The most likely factor that might have affected our analy-
sis of mosquito dispersal in Favela do Amorim, however, is a
possible discrepancy between the actual and estimated distribu-
tion of resource densities. The maps in Figs 1–4 are based on
the densities of containers/premise (range: 0–7 in Tubiacanga
and 0–5 in Amorim) and residents/house (range: 1–9 in Tubi-
acanga, and 1–12 in Amorim), the ranges of which were not
notably different between the two study sites, however, the
overall population density of Amorim (∼900 inhabitants/ha)
is three time greater than Tubiacanga (∼300 inhabitants/ha).
Although the density of containers/premise and residents/house
should reflect the overall population densities reasonably well,
our approach to mapping resource densities would not have
taken into account the density of premises/ha. Hence, although
it appears that mosquitoes aggregated in low-medium resource
density areas, it may be we underestimated resource densities,
and the mosquitoes may have aggregated where there was a
relatively high density of premises, even although each premise
did not have as many containers/premise or residents/house as
nearby areas.

Nonetheless, the finding that the distribution of large ovipo-
sition containers had the greatest effect on the dispersal
behaviour of Ae. aegypti, at least in Tubiacanga, highlights
the necessity of achieving a better understanding of the tem-
poral dynamics of container availability, which depends on
three major factors: climate, control activities and human water
storage behaviour. During the dry season and throughout con-
trol campaigns, the availability of water-holding containers
may be reduced, which could alter the spatial heterogeneity of
oviposition sites and consequently the dynamics of mosquito
dispersal (Reiter et al., 1995). Indirectly, the availability of
water-holding containers may also play an important role in the
genetic structure of natural populations of Ae. aegypti (Paupy
et al., 2004, Costa-Ribeiro et al., 2006a). For instance, Costa-
Ribeiro et al. (2006b) observed lower genetic differentiation in
Ae. aegypti during the less rainy months, suggesting limited
dispersal during the wet season in Rio de Janeiro. Evidence
of limited dispersal of Ae. aegypti has been reported during
the dry season in areas where the most common breeding sites
were not influenced by rainfall in Ho Chi Minh City (Viet-
nam) and Rio de Janeiro (Huber et al., 2002; Costa-Ribeiro
et al., 2007).

In Tubiacanga and Favela do Amorim, large permanent con-
tainers were highly productive sites, containing ∼75% of all
pupae in the area (Maciel-de-Freitas et al., 2007b). Mosquitoes
bred in these permanent productive containers probably infest
adjacent houses. In Tubiacanga and Amorim, infestation from
such productive sites may affect an area of 140 and 80 m,
respectively, considering the flight range (FR90) previously
observed in the same areas (Maciel-de-Freitas et al., 2007a).
High productivity and attractiveness make these containers
important foci of mosquito infestation and dengue transmis-
sion, and consequently key targets for mosquito control inter-
ventions.
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Abstract

Population size and daily survival rates of dis-
ease vectors are important determinants of vec-
torial capacity. A mark-release-recapture ex-
periment was conducted in a dengue endemic 
urban neighborhood of Rio de Janeiro, Brazil, 
to estimate population size, survival rate and 
vectorial capacity of Aedes aegypti females us-
ing back-pack aspirators and gravid sticky traps 
(MosquiTRAP). Estimations of the gravid female 
population size were different when using data 
gathered from just the MosquiTRAP (3,505 indi-
viduals) or aspirator (1,470). However Ae. aegypti 
survival rates and longevity were similar irre-
spective of the method of capture. Up to 26.3% 
of released females would be able to survive for 
more than 10 days, the length of time of the ex-
trinsic incubation period. Vectorial capacity val-
ue ranged between 0.01567 and 0.4215 and the 
basic reproductive number (R0) was estimated to 
be between 0.0695 and 1.88.

Disease Vectors; Mosquito Control; Dengue

Introduction

Rio de Janeiro registered the highest number of 
dengue cases in a Brazilian city over the last 20 
years. At present, the serotypes DENV 1, 2 and 3 
co-circulate in the city of Rio and its greater met-
ropolitan area, which is considered to be one of 
the country’s most important entry and dissemi-
nation points for dengue viruses 1,2.

The dengue vector Aedes aegypti is gener-
ally abundant in urban areas of Rio and is highly 
resistant to insecticides and susceptible to the 
dengue virus. It generally breeds in large artifi-
cial containers, has high daily survival rates, and 
moves across variable distances depending on 
the environment and climate, while its popula-
tions are highly genetically structured 3,4,5,6,7,8. 
Differences in the degree of urbanization and in 
socio-economic status between adjacent blocks 
mean that Rio de Janeiro is a mosaic in terms 
of dengue epidemiology, where specific control 
activities for each area might be required 4,9,10. 
Variations in the mosquito population size, daily 
survival rates, biting rates, and the duration of the 
extrinsic incubation period and/or dengue virus 
susceptibility within neighborhoods might elicit 
differential vectorial capacity, and consequently 
differences in disease transmission dynamics. 
Indeed, variations in vectorial capacity directly 
affect the basic reproductive number, R0, i.e. the 
expected number of hosts that would be infected 
by a single infectious person who had been in-
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troduced into a native population 11. A R0 value 
greater than one indicates that the number of 
people infected by the pathogen increases, while 
if R0 is less than one that number declines 12. 
Therefore, knowledge concerning vectorial ca-
pacity and the basic reproductive number in a 
dengue endemic area might generate increased 
awareness about the epidemiology of the dis-
ease and also constitute an important tool for 
developing successful control campaigns.

The aim of this report is to evaluate the vecto-
rial capacity of Ae. aegypti in a suburban neigh-
borhood of Rio de Janeiro, after assessing mos-
quito population size and daily survival rates by 
a mark-release-recapture experiment.

Materials and methods

Study area

A mark-release-recapture experiment was con-
ducted in the dengue endemic neighborhood of 
Olaria (22º50’45” South; 43º15’39” West), a tra-
ditional suburban residential area of the city of 
Rio de Janeiro. In the 2000 census, Olaria had an 
estimated population of 62,509 inhabitants in 
an area of around 369ha, with a density of 169.6 
habitants/ha 13. Olaria has a large and extensive 
network of paved streets with low levels of traf-
fic and is crossed by a railway. Water supply and 
garbage collection services are regular. Houses 
in Olaria generally have two to four rooms where 
no more than four or five people live per house, 
with large and shaded premises. In 2006, 43 den-
gue fever cases were registered in Olaria; and in 
2007, 222 cases were reported. One month before 
starting field collection in Olaria, the premises 
index (which records the percentage of positive 
houses) for immature Ae. aegypti was 10.5 14.

Mosquitoes

Ae. aegypti used in mark-release-recapture 
experiments were obtained from a laboratory 
colony starter from eggs obtained in ovitraps 
set in Rio de Janeiro city, that are constantly re-
newed with field collected eggs. Larvae were fed 
with fish food (TetraMin) and reared according 
to guidelines found in Consoli & Lourenço-de-
Oliveira 15. After emergence, females and males 
were kept together in a cage (30x30x30) at 25 
± 3ºC and 65 ± 5% RH and provided with a su-
crose solution up to a day before the first blood 
feeding.

Marking, releasing and recapturing

Two blood meals were offered in subsequent 
days to Ae. aegypti females who had emerged for 
3 to 4 days. Only fully engorged mosquitoes were 
used in the experiment. Therefore, we expect all 
released females to be gravid. Sucrose solution 
was supplied to females up to the day of release.

In November 2006, a total of 1,240 Ae. aegypti 
females aged 7 to 8 days were marked with fluo-
rescent dust (Day-Glo Color Corp., Cleveland, 
USA) and released in the morning (between 8 
am and 9 am), approximately one hour after dust 
marking.

Dust marked Ae. aegypti females were cap-
tured with the gravid sticky trap (MosquiTRAP, 
Ecovec Ltda.), a trap that has been show to be 
effective in attracting and capturing Ae. aegypti 
gravid females when installed outdoors 16 and 
CDC backpack aspirators 17. Captures were per-
formed daily and began one day after release. 
Thirty houses were randomly selected for aspira-
tion, which was carried out for about 20 minutes 
per property, including the entire premises. One 
MosquiTRAP was installed in the vicinity of each 
of the 104 participating premises in Olaria. Mos-
quiTRAPs consist of a black plastic jar with the in-
ternal walls covered with a sticky card that glues 
and holds the attracted mosquitoes. They were 
baited with 300ml of tap water and a synthetic 
oviposition attractant (AtrAedes, Ecovec Ltda.) 
for Ae. aegypti gravid females. MosquiTRAPs were 
inspected daily for the presence of dust marked 
and non-marked mosquitoes. Daily capture 
stopped when dust marked females were collect-
ed by neither the MosquiTRAP nor the aspirator 
for three consecutive days. All mosquitoes col-
lected in the field were brought to the laboratory 
to be identified and checked for the presence of 
fluorescent dust under a UV light.

Population size and ovarian development
analysis

To estimate the population size of Ae. aegypti in 
Olaria we used the Lincoln Index 18, which can 
be defined as: r

aanP −= , where a is the number 
of released females; n is the total number of mos-
quitoes captured; and r is the number of marked 
individuals captured. Once released females 
were added to the natural population, their num-
ber needed to be subtracted from the population 
estimate (P).

Estimations of population size were done 
with MosquiTRAP, a trap that essentially captures 
gravid females, and with the aspirator, a non-se-
lective method.
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In order to evaluate the proportion of gravid 
females in the natural population, all wild Ae. ae-
gypti females captured in the aspirator had their 
ovaries dissected and classified according to 
Christophers 19. Females with ovaries with stages 
I, I-II, and II were grouped as being at initial stag-
es of development; stages III and IV were grouped 
as intermediary stages; and stage V was classified 
as final stage, once females were gravid.

Estimation of daily survival rates 

The probability of daily survival was estimated by 
using two models: the exponential 20 and nonlin-
ear 21. Only field data were adjusted to models, in 
relation to the 7-8 days before mosquito release. 
For survival estimation analysis, collection data 
were fit according to one of three methods of cap-
ture: trapping only with MosquiTRAP, only with 
aspirator and with MosquiTRAP plus aspirator. 
Traditionally, the exponential model has been 
used to describe mortality patterns in mark-re-
lease-recapture experiments with Ae. aegypti, de-
spite its two fundamental drawbacks: it assumes 
a priori that mosquito mortality is age-indepen-
dent and it does not consider removal of indi-
viduals by the capturing methods. The nonlin-
ear model allows for the correction of estimates 
caused by the removal of individuals 21 and can 
be written as: 1)1()( −−= tt ccNStC , where C(t) is the 
number of marked individuals captured on day 
t; c is the daily capture probability; and S is daily 
survival probability. We fit both models to our da-
ta, using linear and nonlinear least squares stan-
dard procedures available in the software R 2.2.0 
(R Development Core Team, http://www.R-proj-
ect.org). From the lower and upper 95% limits of 
the confidence interval for PDS (estimated by the 
nonlinear model), we derived two quantities: the 
average life expectancy, defined as 1/-loge PDS 22, 
and longevity, defined as PDS 10, where 10 is the 
duration of the extrinsic incubation period for 
dengue virus, when more than 76% of orally ex-
perimentally infected mosquitoes have the virus 
in the salivary glands 23. Susceptible mosquitoes 
that survive in the field for 10 or more days after 
an infected blood meal are expected to live long 
enough to transmit the dengue virus. Field col-
lections were not performed on the fifth day after 
release due to intense rainfall.

Vectorial capacity and basic reproductive
number

After estimating the mosquito population den-
sity and daily survival rates, estimates were cal-
culated for the vectorial capacity of Ae. aegypti 
in Olaria during the mark-release-recapture ex-

periment. Vectorial capacity can be estimated 
as 24: )(

2

PLn
PmbcaVC
n

−
= , where m is the number of fe-

male mosquitos per person, b is the probability 
that a female mosquito transmits the pathogen 
to a human host, c is the probability that a mos-
quito acquires dengue while biting a viremic 
human host, a is the number of bites per hu-
man per day, P is the mosquito’s probability of 
daily survival, n is the duration of the extrinsic 
incubation period and Pn is the probability of a 
female mosquito surviving the extrinsic incuba-
tion period.

The human population on the 134 inspected 
premises (418 persons) was correlated with the 
mosquito population size estimation observed in 
this report. The probability of an infectious mos-
quito transmitting dengue was fixed at 0.90 15. 
Since the probability that a mosquito acquires 
dengue is influenced by virus titer, we simulated 
vectorial capacity using three probability values 
for c: 0.30, 0.45 and 0.55, with virus titer ranging 
between 105 and 106 (MID50)/ml 25,26. The dura-
tion of the extrinsic incubation period would be 
set at 10 days 23. Mosquito bites per day were set 
at 3 27, and since 90% of feeds are usually taken 
on humans 28, the human biting rate per day 
would be 2.7 12,25. In the present report, vector 
capacity was simulated using the survival rates 
estimated by captures done with MosquiTRAP 
and aspirator.

The basic reproductive number (R0) was cal-
culated as follow 11: r

VCR =0 , where VC is the vec-
torial capacity and r is the recovery rate (which 
we set at 5 days for dengue).

Ethical considerations

Mark-release-recapture experiment protocols 
were submitted to and approved by the Funda-
ção Oswaldo Cruz Ethical Committee (CEP/
FIOCRUZ protocol no. 11591-2005). CEP/
FIOCRUZ allowed mark, release and recapture 
experiments with Ae. aegypti females without cut 
proboscis as in Honório 29, since this amputation 
might influence female host-seeking behavior 
and consequently dispersal patterns and survival 
rates. As a counterpart, we committed ourselves 
to suspend mosquito release if any dengue case 
was registered in the study area before or even 
during the experiment.

Results

Recapture rates

A total of 174 dust-marked Ae. aegypti females 
were captured by MosquiTRAP and aspirator, 
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representing a recapture rate of 14.03% (Table 1). 
MosquiTRAP and aspirator caught dust-marked 
Ae. aegypti females 10 and 8 days after release, 
respectively. The capturing lasted for 13 days.

Population size and ovarian development
analysis

Considering only data gathering with captures 
from MosquiTRAP, the Lincoln Index estimated 
the population size in Olaria to be 3,505 gravid 
females. Meanwhile, data from collections us-
ing only the aspirator estimated the number of 
females to be 4,828. Since the aspirator is an ac-
tive and non-selective collection method, i.e., it 
captures females at all physiological stages, the 
proportion of gravid females in the population 
needed to be defined. From the 183 non-marked 
females collected by the aspirator, the ovaries of 
174 were dissected (95.08%). Despite the varia-
tion within groups per day (Figure 1), gravid fe-
males were overall 30.45% of females captured by 
the aspirator. Therefore, the aspirator estimated 
the number of gravid females in the population 
to be 1,470.

Daily survival rates and longevity estimates

The nonlinear model provided higher estimates 
of daily survival than the exponential method 

(Table 2). The low goodness-of-fit, measured as 
R2 = 0.475, when data from MosquiTRAP was 
analyzed, indicated a low fit to the data and pro-
moted high amplitude in the interval of survival 
(Table 2), which indicated that between 4.23% 
and 26.3% females would be alive 10 days after 
release and then, able to transmit the dengue vi-
rus. With the use of the MosquiTRAP alone, the 
average life expectancy in the field varied from 
3.16 to 7.48 days. When data from the aspirator 
and MosquiTRAP plus aspirator were analyzed, 
high goodness-of-fit and low interval of survivor-
ship and average life expectancy values were ob-
served (Table 2). The use of aspiration increased 
the fit to the data (Table 2).

Vectorial capacity and basic reproductive
number estimations

The vectorial capacity values ranged between 
0.0157 and 0.4215. The lowest value was ob-
served when a daily survival rate of 0.715 and a 
probability of mosquito infection of 0.30 were 
used. Meanwhile, the highest value was obtained 
when vectorial capacity was simulated using a 
daily survival rate of 0.844 and a probability of 
mosquito infection of 0.55. Remarkably, the high-
er vectorial capacity value was almost 27 times 
higher than the lowest value.

Using the two vectorial capacity values ob-
tained, the basic reproductive number ranged 
between 0.0695 and 1.88. Thus, if we consider 
the lowest value for R0, disease transmission de-
clines. On the other hand the highest value of R0 
indicates that the number of people infected by 
the virus increases.

Discussion

This report provided an estimate of population 
size and daily survival rate of Ae. aegypti females 
in a dengue endemic neighborhood of Rio de 
Janeiro by conducting a mark-release-recapture 
experiment using two collection methods. Evalu-
ations of vector population size and survival rates 
in field conditions are critical for estimating the 
rate of contact between vectors and hosts, which 
is a substantial parameter for modeling disease 
transmission. Unfortunately, estimation of vecto-
rial capacity might be biased since some biologi-
cal aspects relating to Ae. aegypti females, such 
as the number of bites per human per day and 
the duration of the extrinsic incubation period 
have not been estimated in Rio de Janeiro mos-
quito populations, with the particular climatic, 
socio-economic and host herd immunity status 
characteristics.

Figure 1  

Recapture curve and points of dust marked Aedes aegypti females released in Olaria, Rio de 

Janeiro, Brazil, and captured by MosquiTRAP alone.

Note: intense rainfall on day 5 after release made fi eld collection impractical.
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The recapture rate observed in the neighbor-
hood of Olaria was in accordance with several 
other mark-release-recapture experiments con-
ducted in Rio de Janeiro 7,30. Collections were 
performed by means of the daily aspiration of 30 
houses and the inspection of 104 MosquiTRAPs. 
Since released females were gravid, recapture ef-
ficiency of MosquiTRAP might have been overes-
timated, especially on days following release.

The estimate of the Ae. aegypti population size 
presented different values if data on aspiration 
or MosquiTRAP were analyzed. This outcome 

was due to trap specificity, which may result in 
overestimations of gravid mosquito population 
size in Olaria during the mark-release-recapture 
experiment. However, values were high, suggest-
ing the possibility of intense dengue transmis-
sion in Olaria despite the mosquito capturing 
method.

The daily survival rate was also in accordance 
with a mark-release-recapture experiment con-
ducted in two distinct neighbors of Rio de Ja-
neiro 7. Calculated average life expectancy of Ae. 
aegypti in November in Olaria was low for den-

Table 1  

Number of dust and non-marked females captured with the MosquiTRAP and the aspirator in a mark-release-recapture experiment conducted in Olaria, Rio de 

Janeiro, Brazil.

 Days after release MosquiTRAP Aspirator

  Dust-marked females Non-marked females Dust-marked females Non-marked females

 1 54 53 16 28

 2 9 14 10 13

 3 2 15 4 26

 4 5 3 8 4

 6 31 71 3 11

 7 13 21 3 16

 8 8 28 3 19

 9 1 16 0 3

 10 4 23 0 14

 11 0 15 0 8

 12 0 68 0 21

 13 0 32 0 20

 Total 127 359 47 183

Note: there was no collection on day 5 after release due to intense rainfall. A total of 1,240 gravid females were released.

Table 2  

Components of survival analysis of dust-marked Aedes aegypti females released in Olaria, Rio de Janeiro, Brazil, and captured by MosquiTRAP only, aspirator 

only and by both MosquiTRAP and aspirator.

  MosquiTRAP Aspirator MosquiTRAP + Aspirator

 Number of released females 1,240 1,240 1,240

 Recapture rate (%) 10.24 3.14 13.38

 Survival by exponential method  0.776 0.758 0.737

 R2 * 0.475 0.858 0.686

 Survival by nonlinear method 0.795 0.771 0.773

 Interval of survivorship ** 0.729-0.875 0.74-0.80 0.715-0.844

 Daily recapture rate (%) 2.36 1.61 4.57

 Interval of average life expectancy (days) ** 3.16-7.48 3.32-4.48 2.98-5.89

* Coeffi cient of determination;

** Calculated with the 95% confidence interval provided by the Buonaccorsi nonlinear method.



Maciel-de-Freitas R et al.6

Cad. Saúde Pública, Rio de Janeiro, 24(x):1-8, xxx, 2008

gue transmission. Theoretically, females should 
have a lifespan of around 10 days (2 days of non-
feeding and 8-10 days for virus replication) to 
became an effective dengue vector 23,31. In Rio 
de Janeiro, the number of dengue cases has a 
seasonal trend, with lower dengue transmission 
in the period between July and November 32. 
Possibly, the low lifespan of Ae. aegypti females 
in November in Olaria is related to the low num-
ber of dengue cases during the inter epidemic 
period. Since average life expectancy is a single 
value of a distribution, we hypothesize that den-
gue transmission is possibly due to a few long 
living females 7.

Since MosquiTRAP preferentially captures 
gravid females 16, this trap possibly caught re-
leased dust marked Ae. aegypti females immedi-
ately after release. Females of different physiolog-
ical age might be captured more intensely by the 
aspirator than by MosquiTRAP. This hypothesis 
is reinforced when Table 1 and Figure 1 are ana-
lyzed. The peaks of capturing roughly coincided 
with the average length of a gonotrophic cycle 
of Ae. aegypti females, i.e., around 3-4 days 33. 
No field collection was performed on day 5 after 

release due to intense rainfall in Olaria. Thus, the 
number of mosquitoes counted in MosquiTRAPs 
on day 6 is the sum of the individuals captured 
on the 5th and 6th days. If we split the number of 
dust marked mosquitoes captured on day 6 (n = 
31), we would still have a peak of marked females 
between the 5th and 6th days, although it is not a 
prominent one.

According to a mathematical model of den-
gue transmission developed by Luz et al. 9, the 
two most important parameters in vectorial 
capacity estimations are daily survival rate and 
the duration of the extrinsic incubation period. 
Indeed, when vectorial capacity was simulated 
with the higher survival value observed (S = 
0.844), a result 26 times higher than the simula-
tion with the lowest survival rate (S = 0.715) was 
observed, despite the concomitant variation in 
the probability of a mosquito acquiring the den-
gue virus. Increases in vectorial capacity have the 
consequent outcome of amplifying R0, the basic 
reproductive number. A R0 of 0.0695 suggest the 
number of people infected by the dengue virus 
in Olaria is in decline. Alternatively, a R0 of 1.88 
suggest intense dengue transmission 11,12.

Resumo

O tamanho populacional e a taxa de sobrevivência de 
vetores de doenças são importantes componentes da 
capacidade vetorial. Um experimento de marcação-
soltura-recaptura foi conduzido numa área urbana 
endêmica de dengue no Rio de Janeiro, Brasil, para es-
timar o tamanho populacional, taxa de sobrevivência 
diária e capacidade vetorial de fêmeas de Aedes aegyp-
ti; para tal, usaram-se aspirador costal e armadilha 
para fêmeas grávidas de Ae. aegypti (MosquiTRAP). 
Estimativas do tamanho populacional de fêmeas 
grávidas foram diferentes quando foram analisados 
dados coletados apenas na MosquiTRAP (3.505 indi-
víduos) e aspiradores (1.470). Por outro lado, taxas de 
sobrevivência e longevidade de Ae. aegypti foram se-
melhantes independentemente do método de captura 
empregado. Até 26,3% das fêmeas seriam capazes de 
sobreviver mais do que 10 dias, tempo equivalente à 
duração do período de incubação extrínseco. O cálculo 
da capacidade vetorial revelou valores entre 0,01567 e 
0,4215, e o número básico de reprodução foi estimado 
entre 0,0695 e 1,88.
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ABSTRACT 

We compared the effectiveness of two control approaches to reduce dengue vector 

population density: targeting the key-container (Area1) or positive houses (Area2). 

Adult mosquitoes were collected every week for thirteen months, with pupal surveys 

being performed every three months starting on 9th week. We observed a dramatic but 

short-term decrease in weekly adult Aedes aegypti collections after covering 733 water 

tanks. Just three months later, when 74 metal drums were also netted, a significant and 

long-term reduce in vector population was achieved: weekly adult collections, 

infestation indexes and median number of pupae per container reduced between on the 

3rd survey. Targeting positive house was a less effective approach, since adult 

population density remained unaltered and stable during the study, even after 

interventions, i.e., eliminating all container types in 70 premises. The adoption of new 

approaches to control dengue vector must be encourage due to the drawbacks faced by 

public health authorities in dengue endemic countries. 
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INTRODUCTION 

 

According to the World Health Organization (WHO) there are around 50 million 

cases of dengue annually, with more than 2.5 billion people at risk mainly in tropical 

regions (1). Since there are no antiviral drugs and vaccines available for 

commercialization, vector control is the most recommended way to reduce dengue 

transmission. The mainly vector of dengue worldwide is the yellow fever mosquito 

Aedes aegypti, which is well adapted to urbanized areas, especially the surroundings of 

human dwellings, breeding often in man-made containers (2-4). 

Since there is no commercial vaccine available, a decrease in dengue transmission 

must be accomplished by controlling vector population. The final outcome of every 

control campaign is to reduce Ae. aegypti population density below a threshold level 

which they are no longer of public health importance (5). In order to achieve this 

purpose, control has generally being focused on mosquito immature stages by finding 

and eliminating water-holding containers, despite the fact that dengue transmission 

occurs in the adult stage. Since 1980`s it has been shown that each container type has a 

different epidemiological importance, once some of them produce a high proportion of 

pupae in such a place (6,7). The importance of evaluating pupal rather than larval 

population is due to the fact the former provides a proxy estimate of adult population 

density (8). Besides, pupal surveys might result in more accurate and reliable infestation 

indexes such as Pupae per Person (PPI) and Pupae per Hectare (PHI) rather than House 

(HI) and Breteau Indexes (BI) (8-14).  

The main objective of finding the most productive container type in a given area 

is to optimize labor efficiency and cost while maximizing vector population reduction 

by targeting the key-container type (5,8,11). The same approach might be applied if the 

key-premises or positive houses are known, focusing subsequent field efforts 

specifically in these sites (15,16). The rationale of this approach is that containers and 

premises vary significantly in their production of Ae. aegypti and consequently on their 

epidemiological importance (5). Despite the logical aspect underlying this theory, the 

effect of targeting and eliminating the most productive container types or positive 

houses on adult mosquito population is not fully known (17,18). Hence, the main 

objectives of this report it to evaluate and compare the efficiency and impact of two 

distinct Ae. aegypti targeting intervention methods: one focused on the 
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removal/elimination of the most productive container type and other on the 

removal/elimination of all containers types in positive houses. 

 

MATERIALS AND METHODS 

 

Study areas. The study was performed simultaneously in three urban settlements 

of Rio de Janeiro: Tubiacanga (22°47`08`` S; 43°13`36`` W), Amorim (22°52`30`` S; 

43°14`53`` W) and Valqueire (22°53`17`` S; 43°22`20`` W). Tubiacanga is an isolated 

suburban middle-class income area, with an estimate 867 standard houses and 2902 

inhabitants, with a human density of 337.4 hab/ha, distributed in 14 blocks. Amorim is a 

typical and overcrowded Brazilian slum, with narrow alleys and irregular blocks, in an 

isolated area surrounded by large highways and Fiocruz campus, a largely vegetated and 

non-residential area. In Amorim, there are around 2992 people living in 897 premises in 

10 blocks, with a human density of 901.2 hab/ha (additional information of Tubiacanga 

and Amorim are available at [3,19,20]). Valqueire is a suburban middle-class income 

area surrounded by a secondary forest, with paved streets, regular water supply and 

garbage collection. Houses generally have 2-4 dorm rooms, a clean backyard, a few 

with small pools, and dogs and cats as pets. Valqueire has 2962 inhabitants living in 895 

houses, which are distributes in 15 blocks, with a human density of 145.5 hab/ha. For 

now on, Tubiacanga will be named as Area 1, Amorim as Area 2 and Valqueire as Area 

3. In Area 1 we targeted and eliminated the most productive container type, while in 

Area 2 we eliminated all container types in positive houses. Finally, Area 3 was 

considered as control and no intervention was produced. 

 

Monitoring adult Ae. aegypti population. In July 2008, we started a weekly 

monitoring of adult Ae. aegypti that lasted 55 weeks and ended on August 2009. Adult 

collections with backpack aspirators (21) and MosquiTRAPs (22) were performed in 40 

randomly selected houses per week per area. The backpack aspirator is frequently 

pointed as the most effective collecting method for adult Ae. aegypti, since it captures 

males and females from all physiological status, allowing adult density estimates (17). 

On the other hand, it is a labour-intensive method which success can be directly affected 

by variation in collector efficiency (17). 

Several methods for sampling the adult mosquito population have been recently 

developed worldwide (23). One of these traps is the MosquiTRAP, which was 
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originally designed to collect gravid Ae. aegypti females. MosquiTRAP consists of a 

matte-black container with around 300 ml of water and a black adhesive card in its 

interior to trap mosquitoes. The AtrAedes, a commercial insect attractant to gravid 

females is also glued to the adhesive card (22). 

We sampled 40 houses per area per week: 20 with backpack aspirator and 20 with 

MosquiTRAP. Aspiration was done inside and in the peridomestic environments during 

15-20 minutes per house. MosquiTRAP was homogeneity installed in study areas, in 

proxy 1 trap per block, and remained in the same house during the whole study 

extension (water from traps were changed weekly and the adhesive cards were replaced 

bimonthly, as recommended by the manufacturer). Collected mosquitoes were brought 

to lab to identification and sequential assays (further described). 

 

Adult population survival and wing size. We speculate that targeting the most 

productive container type (Area 1) or eliminating all container types in positive houses 

(Area 2) might produce unexpected outcomes despite reduction of mosquito population 

density. For instance, the elimination of such a container type may increase mosquito 

competition in other available containers, producing adults with different sizes (24). It 

has been shown that mosquito size has a direct effect on its vectorial capacity, affecting 

for example blood feeding frequency, vector survival and competence (25–29). In order 

to not bias our results, we measured wing length of males and females and dissected the 

ovaries of females collected just by backpack aspirator, a non-selective and active 

capturing method. Wing length was measured under a dissecting microscope with an 

ocular micrometer and was defined as the distance from the axillary incision to the 

apical margin excluding the fringe (30). 

Female survival was assessed after observing population parity rate based on the 

condition of the tracheal system (31). Parity of Ae. aegypti population per area was 

calculated as the number of parous divided by the total number of females captured. We 

assumed a gonotrophic cycle length of 3 days as described by Pant and Yasuno (31) for 

Ae. aegypti to estimate mosquito survival rates (32). Data for wing size and survival 

rates are presented monthly due to the occasional low number of data gathered in some 

weeks during the study. 

 

Pupal surveys. Three house-to-house surveys were conducted in each study area 

to evaluate the infestation level and to provide guidelines for future interventions. The 
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first one was performed two months after starting the weekly monitoring of adult Ae. 

aegypti, with the other two being conducted every three months after the first pupal 

survey. Thus, the 2nd and 3rd pupal surveys were performed to evaluate each container 

type productivity as a function of time, testing the hypothesis that the elimination of one 

particular type might influence the productivity of the others. In each pupal survey, after 

health agents entrance was allowed by house owner, all containers were inspected and 

classified according to its type.  More than 20 container types were observed, but herein 

we report just the ones with epidemiological relevance, i.e., the most productive 

container types (5). Hence, after checking container type productivity per house in the 

pupal survey, the guidelines for interventions in Areas 1 and 2 were set. 

Area 1 – Targeting the most productive container type. Immediately after pupal 

survey, when container productivity was evaluated, we performed the intervention in 

Area 1, which consisted of targeting and eliminating the most productive container type. 

The main objective was to deny mosquito contact with moistened surfaces for 

oviposition, i.e., containers were not destroyed but manipulated. 

Area 2 – Eliminating all container types in positive houses. After evaluating 

container productivity per premise, we returned to all houses where at least one positive 

container was detected during the pupal survey. In these premises, we denied access to 

all containers by netting water tanks and drains, covering metal drums, adding sand to 

plant dishes and eventually eliminated containers such as vases with aquatic plants and 

discarded material abandoned in yard or peridomestic areas. 

Area 3 – Control. In this area we produced no intervention after pupal surveys. 

Weekly monitoring for adult collection and tri-monthly pupal surveys was conducted 

simultaneously with Areas 1 and 2. 

 

Monitoring infestation level. Adult Ae. aegypti monitoring was done every week 

in the three areas. Besides, in September 2008, January 2009 and May 2009 we 

performed pupal surveys to evaluate both container productivity per premise and the 

effect of out intervention in mosquito population. For that, we calculated HI, PPP and 

PPH in each pupal survey. 

 

Statistical analysis. In order to test the short-term impact of interventions on 

adult mosquito population density, we performed a two-sample paired t test comparing 

the mean number of adult collection four weeks prior and after each intervention in 
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Areas 1 and 2. To test if infestation levels significantly varied due to interventions, i.e., 

between surveys, we compared the mean of HI and PPP per block within each area by a 

two-sample paired t test (1st vs. 2nd surveys and 2nd vs. 3rd surveys per area). When data 

from the same survey but in different areas was compared, we performed an unpaired t 

test with Welch correction, assuming populations may have different SDs. According to 

the Bartlett test, the numbers of immature per container (P<0.0001) or per house 

(P<0.001) were not normally distributed. Thus, to test if the interventions produced any 

shift in the overall pattern of container production, we compared the median number of 

pupae per container (independent of container type) by a two-by-two Mann-Whitney 

test (1st vs. 2nd surveys and 2nd vs. 3rd surveys per area). All statistical analysis were 

done in the software GraphPad Instat 3.00. 

Geographic Information System (GIS) at Area 2. In order to produce a more 

robust evaluation of the impact of eliminating all container types in Area 2, we geo-

referenced all positive houses during the three surveys. We created a GIS at the 

software Terraview to assess if the interventions produced any shift in the distribution 

pattern of positive houses in Area 2.  

 

 

RESULTS 

 

Container productivity and guidelines for intervention. A total of 4810 

premises were inspected in the three pupal surveys in the three areas: in Area I we 

surveyed 1762 houses, in Area 2 1544 and in Area 3 1504. Considering all surveys, 

were collected 1678 pupae and 12580 Ae. aegypti larvae. Immature of Ae. albopictus, 

Ochlerotatus fluviatilis, Cx quinquefasciatus and Wyeomyia sp. were also collected but 

results will be focused just on Ae. aegypti findings. 

Area 1. The 1st survey was conducted two months after starting the weekly 

monitoring of adult population, i.e. on the 9th week. We collected a total of 2341 larvae 

and 402 pupae of Ae. aegypti, with 291 (72.4%) of them being captured in water tanks 

(Fig. 1A). Metal drums, which are often used to store water, presented low production, 

with just 3.5% of all pupae. Other containers such as domestic drains, pots and plant 

dishes were also low productive with 5% of all pupae each. Therefore, after assessing 

container productivity, we covered 733 water tanks with nylon net in Area 1. We 
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estimate more than 96% of them remained covered ten months later, after experiment 

ending. 

In the 2nd survey we collected 1413 larvae and 280 pupae of Ae. aegypti. 

Surprisingly, we observed a dramatically increase in almost all container types 

productivity: metal drums had an irrelevant epidemiological importance in the 1st survey 

but held 47.8% of pupae in the 2nd survey, with a 6-fold increasing on the number of 

pupae collected between surveys. Drains, pots and plant dishes also presented a higher 

productivity in the second rather in the first survey (Fig. 1A). At this moment, we 

covered 74 metal drums, which remained covered up to the end of field trials. 

Finally, in the 3rd survey, when water tanks and metal drums were still unavailable 

for mosquito oviposition, we collected 848 larvae and 199 pupae of Ae. aegypti. Metal 

drums productivity decreased to 9.1%, but overall productivity in other container types 

increased once again, with plant dishes and pots producing 21.2 and 18.2% of all pupae 

(Fig. 1A). From the 18 pupae collected in metal drums during 3rd survey, 10 were in two 

metal drums not inspected in the 2nd survey and 8 in one metal drum with holes in the 

nylon net. 

Area 2. In the 1st survey we collected 1348 larvae and 149 pupae of Ae. aegypti in 

32 premises. Water tanks, pots and buckets were the most productive container types, 

with 28.9, 14.1 and 13.4% of all pupae collected, respectively (Fig. 1B). Thus, our 

intervention consisted of turning unavailable for mosquito oviposition all container 

types in these 32 premises. 

We collected 1903 larvae and 153 pupae of Ae. aegypti in 38 houses during the 

2nd survey, none of these houses were positive in the 1st survey. An inspection was done 

to assure that all containers from the 32 positive houses in the 1st survey were still 

inaccessible for females oviposition. We observed around 90% of containers were still 

unavailable for mosquito oviposition. Therefore, at this point, a total of 70 (32+38) 

premises had all container types removed or eliminated. Few changes were noticed in 

container productivity, once water tanks, pots and buckets were again the three most 

productive containers, now with 29.4, 16.3 and 15% of all pupae collected, respectively 

(Fig. 1B). 

In the 3rd survey 1233 larvae and 89 pupae were collected in 8 positive premises. 

Remarkably, none of these 8 houses were positive in the two previous surveys. 

Container productivity remained as during previous surveys, with a slight reduce in 

bucket production (5.6%). 
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Area 3. In the control area we collected 3494 larvae and 406 pupae of Ae. aegypti. 

The three most productive containers were pots, water tanks and drains, producing 30.3, 

20.5 and 18.9% of all pupae. This scenario did not change during subsequent surveys, 

with these three containers being often pointed as the most productive (Fig. 1C).  

Overall, in Area 1 we observed a constant decrease in the number of pupae (Fig. 

2A) and larvae (Fig. 2B) collected during pupal surveys. Areas 2 and 3 had similar 

pattern: almost constant number of pupae collected during the three surveys and a 

significant increase of larvae in the second survey followed by an intense decrease in 

the third survey (Fig. 2A and 2B). 

 

Infestation level monitoring. Results regarding infestation level in the three 

areas are summarized in Table 1. 

Area 1. We observed a HI of 8.88 and a PPP of 0.1385 in the first survey (Table 

1). On the 2nd survey, three months after covering 733 water tanks, infestation level 

decreased significantly if we analyze HI (t = 4.652, df = 13, P = 0.0005), suggesting 

targeting water tanks was an effective intervention. However, infestation level remained 

statistically similar if we assess PPP (t = 1.617, df = 13, P = 0.1299). The same trend 

was observed when we compared infestation levels in 2nd and 3rd surveys: HI and PPP 

produced conflicting conclusions. The infestation measured by HI was significantly 

higher in the 3rd survey (t = 3.875, df = 13, P = 0.0019) but statistically similar by PPP 

(t = 1.459, df = 13, P = 0.168). 

The median number of Ae. aegypti pupae collected per container was similar 

during 1st and 2nd surveys in Area 1 (U = 642.5, P = 0.793), but decreased significantly 

on 3rd survey (U = 333.5, P < 0.001).  

Area 2. We observed a HI and PPP on the 1st survey of 5.2 and 0.049, respectively 

(Table 1). Despite we removed or eliminated all containers types in 32 houses of Area 

2, infestation level not decreased (HI: t = 1.552, df = 9, P = 0.155; PPP: t = 0.1922, df = 

9, P = 0.852). However, a significant decrease in infestation level measured by HI was 

noticed on the 3rd survey (t = 4.379, df = 9, P = 0.0018), but not by PPP (t = 1.354, df = 

9, P = 0.208). 

The median number of pupae collected per container did not vary between 1st and 

2nd surveys (U = 624.5, P = 0.322), but it increased significantly between 2nd and 3rd 

surveys (U = 72, P = 0.015). 
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Area 3. The HI and PPP of the 2nd survey were statistically higher than the 

observed in the 1st survey (HI: t = 2.649, df = 14, P = 0.019; PPP: t = 2.48. df = 14, P = 

0.0265)(Table 1). Later, a significant increase on infestation level from 2nd to 3rd survey 

was detected by HI (t = 3.80, df = 14, P = 0.0019) and PPP (t = 4.17, df = 14, P < 

0.001). 

In Area 3, the median number of pupae per container remained unaltered between 

1st and 2nd surveys (U = 810, P = 0.385), and between 2nd and 3rd surveys (U = 829, P = 

0.636). 

Comparisons between areas. In order to properly evaluate the efficiency of our 

interventions, the infestation level on Areas 1 and 2 must be faced again those from 

Area 3 (Fig.3). The HI of Area 1 was remarkably different from Area 3. In the first 

survey, HI (t = 2.553, df = 25, P = 0.0172) and PPP (t = 4.71, df = 24, P < 0.001) were 

significantly higher in Area 1. However, on the 2nd pupal survey, infestation in Area 1 

was significantly lower than in Area 3 by HI (t = 3.411, df = 19, P = 0.0029), but not by 

PPP (t = 0.497, df = 24, P = 0.623). Remarkably, on the 3rd survey, the infestation level 

of Area 1 was again significantly higher than Area 3, as observed in the 1st survey, but 

just for HI (HI: t = 2.792, df = 18, P = 0.012; PPP: t = 1.473, df = 26, P = 0.152). 

Overall, data suggested that netting water tanks was an effective intervention policy 

since the PPP presented a continuously decrease from 1st to 3rd survey (Fig.3A), despite 

the unexpected increase in HI in the 3rd survey in Area 1 (Fig. 3B). 

The infestation level variation between 1st and 3rd surveys observed in Area 2 was 

similar than Area 3, especially for HI (Fig. 3). HI and PPP was similar in 1st survey (HI:  

t = 0.685, df = 18, P = 0.501; PPP: t = 0.458, df = 22, P = 0.651) and in 2nd survey (HI: t 

= 1.838, df = 22, P = 0.0676; PPP: t = 1.739, df = 21, P = 0.096). On the 3rd survey, 

Area 2 presented a significant lower HI (t = 3.17, df = 22, P = 0.004), but a similar PPP 

(t = 0.961, df = 22, P = 0.346). The similar variation of HI and PPP of Areas 2 and 3 

during the field study suggested that targeting all containers in positive house not 

produced a remarkable effect on mosquito population density. 

 

Adult weekly monitoring. A total of 4852 Ae. aegypti females were collected in 

the three areas, 3574 (73.67%) of them with MosquiTRAPs and 1278 with backpack 

aspirator (26.33%). 

Area 1. A total of 2644 Ae. aegypti females was collected in Area I, which had a 

higher mosquito population even before the first intervention, in the 9th week. After 



111 
 

netting 733 water tanks, we observed a rapid, intense and significant decrease in adult 

mosquito population density (t = 3.866, df = 4, P = 0.018). However, this effect lasted 

just a few weeks (wk. 17th-18th) after intervention, with adult population returning to 

levels as close as those observed before intervention in around 5-6 weeks (Fig. 4). 

Mosquito density often remained in a level of 50-70 females per week in Area 1 up to 

the 2nd survey, when additionally to water tanks we netted 74 metal drums. After this 

second intervention, the adult density decreased at statistic but lower intensity than in 

the 1st survey (t = 3.497, df = 4, P = 0.025). The effect of the 2nd survey, or the 

cumulative effect of 1st and 2nd surveys, produced a long-term impact on mosquito 

density, which often varied in a level of 20-35 females per week between 29th-55th 

weeks (Fig 4). Overall, the adult mosquito density presented a tendency to decrease in 

time, supporting the assumption targeting the most productive container might be an 

efficient tool for dengue control. 

Area 2. In this neighborhood we collected a total of 746 adult Ae. aegypti females, 

a level often lower than in Areas 1 and 3. After eliminating all container types in 32 

positive houses, a slightly and non-significant decrease in mosquito density was 

recorded (t = 1.226, df = 4, P = 0.287). Mosquito density remained in a level of 5-20 

females per week up to the 2nd intervention, when we eliminated all container types in 

other 38 houses, accounting for 70 (7.8% of all houses) premises container-free in Area 

2. The 2nd intervention not produced a significant impact on mosquito density (t = 1.18, 

df = 4, P = 0.303). Overall, the tendency line of mosquito density remained unaltered 

through study duration, corroborating the hypothesis that eliminating all container types 

is probably less effective than targeting the most productive container type. 

Area 3. A total of 1462 adult Ae. aegypti was collected in Area 3, which have a 

density level similar to Area 2 when the experiment started, but ended with a density 

level close to the observed in Area 1. Mosquito density in Area 3 presented a clear 

increase pattern during the study, reinforced by the observation of its tendency line (Fig. 

4). 

 

Wing length and survival. The two interventions not produced any impact on 

male and female wing length, i.e., variation between months were statistically the same 

observed in Area 3, where no intervention was produced (Fig. 5A). 

In Area 1, female survival was higher than in the other areas up to the 2nd 

intervention, when it started to decrease and stabilized between the 8th- 13rd month (Fig. 
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5B). Survivorship of Area 2 and 3 was similar throughout study duration, suggesting no 

impact of eliminating all container types in positive houses on mosquito survival. 

 

Spatial distribution of positive houses. Adult mosquito density was not reduced 

in Area 2 after the 1st intervention, but the spatial distribution of positive houses on the 

2nd survey was remarkably different from the observed during the 1st survey (Fig. 6). 

Due to the low number of positive houses during the 3rd survey, we were unable to 

perform any spatial analysis correlating the spatial distribution of positive houses in 2nd 

and 3rd surveys.  

 

DISCUSSION 

 

It has been traditionally assumed that the most cost-effective mean to prevent 

dengue transmission is targeting adult vector. In this report we evaluated the impact of 

two distinct interventions on the density of adult Ae. aegypti, which must affect 

mosquito-human contact rate and probably dengue transmission. Overall, we may 

assume targeting the most productive container type was a more effective control 

strategy than eliminating all container types in positive premises. The adoption of new 

approaches to control dengue vector must be encouraged due to the drawbacks faced by 

public health authorities in dengue endemic countries, such as insecticide resistance, 

rapid and uncontrolled urbanization, ineffectively application of resources, 

inaccessibility of control agents at some blocks due to urban violence in metropolitan 

areas, and continued application of ineffective control methods (34–37). 

We observed the most productive container type varied between neighborhoods, 

but on the 1st survey, i.e., before site manipulation due to intervention, water tank was 

the key-container in Area 1 and in all surveys in Area 2, where intervention targeted 

positive houses. This finding agrees with a previous observation that showed large 

containers used by households to water storage, such as water tanks and metal drums, 

were the most productive types in Areas 1 and 2 during dry and wet seasons, a common 

pattern where water supply is absent or is irregular (3,38). Since large water-holding 

containers are not seasonally influenced by rainfall, vector population density often 

remains high through the year, favoring intense dengue transmission between October-

April, but with dengue notification every month (39). Despite targeting just two 

container types in Area 1 (water tanks first and metal drums later), a dramatic shift in 
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the productivity of several container types was observed. Clearly, the epidemiological 

importance of domestic drains, pots and plant dishes increased substantially after water 

tanks and metal drums were covered with nylon net. The main explanation for this may 

rely on the opportunistic behavior of Ae. aegypti. It has been extensively shown that the 

eggs of Ae. aegypti females are not laid in a single container in a single batch (40). By 

using molecular markers such as RAPD-PCR and RFLP, the number of full-sibling 

families was evaluated in Puerto Rico and Trinidad, showing several families were 

presented in a ovitrap paddle (41,42). Probably, in order to avoid larval overcrowding 

and thus intense competition where nutrients are limited, and to minimize the risks 

associated with oviposition in intermittent and temporary containers, mosquitoes laid 

their egg batch in different containers, a phenomenon known as “skip oviposition” 

(40,42–44). Thus, it is reasonable to speculate that after removal of water tanks in Area 

1 in the 1st intervention, females started to lay their eggs in other available containers, 

increasing the relative production of drains, pots and plant dishes, for example. The 

same explanation may be given after 2nd intervention in Area 1, where 74 metal drums 

were covered with nylon net, to justify the increase of container productivity of other 

containers types besides water tanks and metal drums. 

In Area 1, after covering water tanks, we observed a rapid, significant and 

dramatic decrease in weekly mosquito capturing, what showed our intervention 

produced a considerable impact on vector density. However, mosquito population 

remained at lower levels just for a few weeks (around 5-6 weeks) after intervention and, 

remarkably, vector density returned to the levels observed prior to the intervention. This 

reduction, however, has not been detected in the control Area 3. This data suggests that 

the elimination of the most productive container maybe an effective but short-term 

control method. The main explanation for the short-term effect of this intervention 

maybe due to the opportunistic habit of Ae. aegypti (45). After denying mosquito access 

to water tanks in Area 1, females probably had to search cues to locate other available 

container types, increasing their productivity, but also re-establishing their population 

density after a few weeks. Inclusively, the median number of pupae collected in the 1st 

and 2nd surveys was statistically similar, reinforcing the absent of a long-term effect on 

mosquito density due to water tanks elimination. Despite the impact of covering 74 

metal drums seems to be less severe than netting 733 water tanks, we observed a harsh 

and long-term impact on Ae. aegypti density also after covering metal drums. The 

reason why just after netting both large containers we observed a significant impact on 
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vector density is not clear. However, this scenario was maybe produced by the similar 

functionality of water tanks and metal drums: large and shaded reservoirs often used to 

store water. The cumulative effect of eliminating water tanks and metal drums, 

containers that together can hold more than 70% of pupae in Area 1 irrespective of 

seasonality (3), probably produced the long-term decrease in vector density observed 

after the 2nd intervention. 

Since intervention in Area 2 was focused on all container types of a positive 

premise, we expected container type productivity variation in the neighborhood was not 

a consequence of interventions. In fact, data showed container productivity may vary 

between seasons, a pattern observed by Koenraadt et al. (46) but not observed by 

Maciel-de-Freitas et al. (3). In Thailand, authors observed that despite container use 

(washing, flushing, or no use) and material (e.g. plastic or cement), their relative 

contribution to the total pupae standing crop varied between entomologic surveys (46). 

In Area 2, variation in container productivity was observed just for those that are 

intermittent and temporary, with the ones used to water-storage being highly productive 

through the year (3). 

The first intervention in Area 2 eliminated all container types in 32 positive 

houses, but this action did not led to a decreasing in vector population density, since a 

similar number of Ae. aegypti females were collected before and after interventions. The 

number of Ae. aegypti females collected per week ranged between 5-20 throughout the 

study period, despite the 2nd intervention, when we eliminated all container types in 

another 38 premises. The two interventions did not produce a distinguishable impact on 

mosquito density in Area 2. In fact, if we compare the different interventions produced 

in Areas 1 and 2, we may assume targeting key-containers were clearly more effective 

to reduce mosquito density than eliminating all container types. Summing 1st and 2nd 

intervention, a total of 70 houses were free of water-storage containers in Area 2, what 

corresponded to 7.8% of all houses. Probably, the small percentage of houses where we 

intervened in Area 2 constrained the effectiveness of the intervention itself. Just for 

comparison, the frequency of positive houses in these surveys were considerably lower 

than the observed in previous experiments in Area 2 (3,16), as well as it was verified in 

Queensland, Australia (7) and Trinidad (15). 

The interventions in Area 2 not reduced vector population density, but changed 

the spatial distribution of positive houses. This outcome may also be due to the 

opportunistic behavior of Ae. aegypti and the skip oviposition phenomenon (40,42–44). 
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By eliminating all container types in less than 8% of houses in Area 2, Ae. aegypti 

females were able to fly and search for premises with available containers for 

oviposition. This behavior would keep mosquito density unaltered by interventions, but 

with a distinct spatial distribution pattern. Ae. aegypti is usually pointed as a mosquito 

with low dispersal capacity (47). In Area 2, a previous mark-release-recapture 

experiment observed a mean and maximum dispersal of 53 and 151m from release point 

(19), sufficient to search and locate new potential larval habitats. The results achieved in 

Area 2 posed an intriguing challenge: we might speculate and assess in the field if 

vector density decreases if a higher percentage of premises have all containers 

eliminated. If so, this unknown percentage might be high and costly enough to become 

counterproductive. A recent multi-centre study have pointed out that targeting the most 

productive container type was cheaper and less labor-intensive than intervening in all 

existing water containers in a given area (18). Since lack of resources is a common issue 

in several dengue endemic countries, the cost-effective of control measures must be 

acknowledge, adding the potential new tools for vector control in an Integrated Vector 

Management (IVM) program. 

The infestation level varied significantly between sites. But, mostly important, 

different outcomes may be produced if we based our data interpretation on values 

obtained by traditional or recent indexes. In Area 1, PPP constantly decreased, while HI 

and BI presented a significant increase during the 3rd survey. After targeting the most 

productive container types, we eliminated the perennial reservoirs that often hold pupae, 

leaving essentially the temporary containers for mosquito oviposition. Thus, the number 

of pupae collected in the 3rd survey decreased significantly, while the number of larvae 

remained almost similar with the observed in the 2nd survey. Thus, in the 3rd survey we 

observed several containers with larvae, but just a few with pupae. Epidemiologically, 

this finding is of major importance, since the number of pupae in a given area often 

correlates with adult population density (8). 

We were not able to detect any impact of interventions on male and female wing 

length. Despite we eliminated the large and shaded productive containers in Area 1, 

which may have essential conditions for larval development and production of large 

mosquitoes, data suggest this intervention did not increase larval competition, or at least 

did not influenced directly adult mosquito size. This outcome presents a positive 

perspective, since small females are often pointed as having a superior vectorial 

capacity than larger females (25-28). 
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In Area 1, Ae. aegypti female survival started to decrease after the 2nd 

intervention, when water tanks and metal drums were covered with nylon net. Possibly, 

key-container elimination increased larval competition in the still available temporary 

containers, reducing Ae. aegypti survival after 2nd intervention (26). Occurrence or 

absence of larval competition after targeting containers in Area 1 were crucial to explain 

the wing size and survivorship variation observed, but we not have data to correctly 

evaluate the impact of targeting containers on larval competition. 

Dengue control is labor-intensive and difficult to accomplish and faces several 

drawbacks. Due to the inexistence of a commercial vaccine or drug to treat dengue-

infected patients, the most recommended way to prevent disease transmission is 

focusing on vector control. Up to now, tools for estimating Ae. aegypti population 

density under different field scenarios are controversial (18). The adoption of new and 

effective tools for mosquito control, together with abolition of unproductive strategies, 

must be encourage, using new accomplishments to support Integrated Vector 

Management (IVM) Programs (37,48). 
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Figure 1. Container productive observed for (A) Area 1, (B) Area 2 and (C) Area 3 

during each survey. Container abbreviation as follow: BC = Bucket, DR = Drain, MD = 

Metal drums, PD = Plant dish, PP = plastic pot, WT = Water tank. 

A) Targeting most productive container type    

 
B) Eliminating all container types in positive houses 

 
C) Control 
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Figure 2. Number of (A) pupae and (B) larvae of Aedes aegypti collected during each 

of the three surveys, according to the area. 
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Figure 3. The variation of (A) Pupae per person and (B) House Index during each 

survey for each neighborhood.  
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Figure 4. The number of Aedes aegypti females collected by backpack aspirator and 

MosquiTRAP in each neighborhood. Arrows indicate when we carried out the 

interventions. 
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Figure 5. Monthly variation of Aedes aegypti (A) male wing size, (B) female wing size 

and (C) female survivorship in the three neighborhoods. Arrows indicate when 

interventions were carried out. 
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Figure 6. Spatial distribution of positive houses in Area 2 during (A) 1st, (B) 2nd and (C) 

3rd surveys. Each positive house is represented by a dot. 
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Occurrence, productivity and spatial distribution of key-

premises in two dengue-endemic areas of Rio de Janeiro and

their role in adult Aedes aegypti spatial infestation pattern

Rafael Maciel-de-Freitas1, Roberto C. Peres1, Reinaldo Souza-Santos2 and Ricardo Lourenço-de-Oliveira1

1 Laboratório de Transmissores de Hematozoários, Instituto Oswaldo Cruz, Rio de Janeiro, Brazil
2 Escola Nacional de Saúde Pública Sérgio Arouca, Rio de Janeiro, Brazil

Summary objectives To evaluate: (1) the occurrence, maintenance, productivity, spatial distribution and premise

condition index score of Adese aegypti-infested houses and key-premises in a suburban district

(Tubiacanga) and a slum (Favela do Amorim) of Rio de Janeiro and (2) the role of these factors in adult

Ae. aegypti female spatial distribution.

methods and results A total of 2456 premises were inspected for immature and 1100 for adult

collection. Key-premises corresponded to 16.08% and 17.86% of infested houses in Tubiacanga, and

13.5% and 11.1% in Favela do Amorim, during the dry and wet seasons, respectively. Key-premises

held significantly more immature Ae. aegypti, pupae and larvae than infested houses in Favela do

Amorim and Tubiacanga during the dry and wet seasons. In Favela do Amorim, key-premises had a

significantly higher PCI score than infested but non-key houses.

conclusion The spatial distribution of key-premises and adult Ae. aegypti females was often con-

gruent, indicating that key-premises influence the infestation pattern observed in the study areas.

keywords dengue control, surveillance, spatial distribution, container productivity, PCI, Diptera

Introduction

Currently, dengue transmission is best impeded by main-

taining its vector population, Aedes aegypti, below a

critical density threshold (Focks et al. 2000). During the

first half of the 20th century, infestation indexes were

proposed to monitor field populations of Ae. aegypti

(Connor & Monroe 1923; Breteau 1954); these tools were

expanded in the 1990s by the concepts of key containers

and key premises (Tun-Lin et al. 1995a). Key containers

are highly productive containers which hold a large

number of pupae; key-premises are properties with three or

more containers infested with larvae or pupae (Tun-Lin

et al. 1995a). Rainwater tanks contained many immature

Ae. aegypti in Queensland (Tun-Lin et al. 1995a). Focks

and Chadee (1997) argued that a pupal and demographic

survey provided a more efficient estimate of dengue

transmission risk, and showed that small miscellaneous

containers, buckets and outdoor drums were highly pro-

ductive in Trinidad. In Rio de Janeiro, water tanks and

metal drums are generally the most productive container

types, sometimes holding together up to 65% of pupae

(Maciel-de-Freitas et al. 2007a).

In four major residential areas of Trinidad, key-premises

were highly productive and hypothetically played an

important role in the re-infestation of neighbouring houses

a few months after treatment with temephos (Chadee

2004). Evaluating key containers and key-premises should

render surveillance more efficient, because mosquito con-

trol could focus on the most productive container types

and ⁄ or premises with three or more positive containers

(Tun-Lin et al. 1995a).

An important limitation faced by dengue control officers

is house owners’ refusal to let them inspect their contain-

ers. However, the premise condition index (PCI), which

relates the degree of shade, house and yard conditions with

Ae. aegypti infestation (Tun-Lin et al. 1995b), provides a

satisfactory alternative estimation of a house’s infestation

level without entering it. This approach proved reliable in

Queensland, where houses with a high PCI score were

more likely to be infested, and had more infested contain-

ers than houses with a low PCI score.

The PCI had never been tested in Rio de Janeiro. Our

objective was to investigate the epidemiological impor-

tance of key-premises, observing their occurrence, pro-

ductivity, maintenance between seasons, spatial
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distribution and possible role in adult mosquito distribu-

tion; and to infer and compare the PCI scores of infested

and key-premises.

Materials and methods

Study areas

House-to-house surveys were conducted in two neigh-

bourhoods of Rio de Janeiro, Tubiacanga and Favela do

Amorim. In March 2005, Tubiacanga had 2902 residents

living in 867 houses on 8.6 ha and was chosen to

represent a middle-class suburban area, with planned

human occupation. Houses are structurally uniform, with

two to three bedrooms and large yards. Despite adequate

sanitation and fairly constant water supply, inhabitants

also store water in large containers (Maciel-de-Freitas

et al. 2007a). In 2007, 27 dengue cases were registered

in Tubiacanga.

In January 2005, Favela do Amorim, a typical Brazilian

urban slum, had 2992 residents living in 897 houses on

3.32 ha and was chosen as representative of a substan-

dard, low-income area. Two paved streets surround the

favela; its blocks are separated by narrow alleys. Con-

struction and condition of houses in Favela do Amorim

differ: premises on paved streets are often well-maintained

and large, with two bedrooms and often with a small

yard, whereas houses on the inner blocks rarely have

more than one room, frequently share at least one wall

and lack a yard. Because of inadequate sanitation,

irregular refuse collection and water distribution, resi-

dents store water in large containers (Maciel-de-Freitas

et al. 2007a). In 2007, 127 dengue cases were registered

in Favela do Amorim.

Immature mosquito collection, premise variables and

PCI scoring

Two pupal surveys were conducted in each area during the

dry and wet seasons to identify the most productive

container types, at intervals of 4–5 months (Maciel-

de-Freitas et al. 2007a). When entry to the house was

allowed, all containers were inspected and the number of

infested containers and of residents per house were

recorded. If at least one infested container was found in the

slum, the house was scored according to the method

developed by Tun-Lin et al. (1995b) to obtain its PCI.

Degree of shade, condition of house and yard in all infested

premises were visually recorded during container inspec-

tion. In each of the three categories, scores ranged between

1 and 3, with the sum representing the PCI. Because of the

homogeneity of house conditions and structures in

Tubiacanga, only field data from Favela do Amorim were

analysed for their PCI index.

Adult mosquito collection

Around 2 days after ending pupal surveys in the wet

season, mark–release–recapture (MRR) experiments were

originally conducted to estimate Ae. aegypti daily survival

rates in the slum (January ⁄ February 2005) and in the

suburban neighbourhood (March ⁄ April 2005) (Maciel-

de-Freitas et al. 2007b). In summary, three cohorts were

released outdoors at different sites, each one being marked

with a distinct fluorescent dust colour. Released mosqui-

toes were 3–4 days old, blood starved and derived from a

laboratory colony that is renewed at least twice a year with

field-collected eggs. Thirty houses were randomly chosen

for daily capturing with backpack aspirators and BG-

Sentinel traps (BioGents GmbH, Regensburg, Germany)

and the number of wild adult Ae. aegypti females (non-

marked) collected per house was recorded and used to

produce spatial distribution maps (Clark et al. 1994;

Maciel-de-Freitas et al. 2006). MRR lasted up to 16 days

after mosquito release.

Spatial analysis

Coordinates of houses where wild mosquitoes and

infested containers were observed were obtained using a

global position system [GPS; Garmin eTrex personal

navigator; Garmin International, Olathe, KS, USA). To

determine the eventual role of key-premises in the spatial

infestation of suburban and slum areas during the wet

season, the spatial distribution of adult mosquitoes was

smoothed using a Gaussian Kernel with an adaptive

bandwidth, which estimates a probability density from a

given sample of observations (Fortin & Dale 2005). In

our maps, the lighter areas (lighter grey colour) indicate

lower density and the darker ones higher density. The

regular grid used in the Kernel with adaptive filter

estimation was 90 columns for suburban and 75 columns

for slum areas. Concurrently, we plotted on the smoothed

map: (1) the key-premises and (2) the houses where we

collected a number of pupae greater than the mean

number of pupae per house. The latter are called non-key

houses. Our main objective was to find out whether key-

premises or pupae productive houses (non-key houses)

were more associated with the spatial distribution of

natural Ae. aegypti i.e., what their role is in determining

the spatial infestation of each area at any moment during

the wet season. Spatial analyses were performed with

terraview 3.1.3 software (INPE; Instituto Nacional de

Pesquisas Espaciais, São José dos Campos, SP, Brazil).
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Statistical analysis

Despite the fact that key-premise classification is based on

the number of infested containers within houses but not

their productivity, we compared the numbers of pupae

(productivity), immatures and larvae collected in

key-premises and in infested houses in suburban and

slum areas. To test the hypothesis that key-premises had

a higher PCI score than ordinary positive houses in the

slum, we compared their PCI values by Mann–Whitney’s

test.

A correspondence analysis evaluated the influence of

house condition, degree of shade and yard condition on

PCI. In this analysis, proximity between points indicates a

closer relationship and is particularly recommended when

data are categorical (Legendre & Legendre 1998). Field

data generated a matrix data set with four descriptors and

122 objects, which was analysed with statistica 6.0

software (StatSoft, Inc. 2001).

Ethical approval

MRR experimental protocols were submitted to and

approved by the Fiocruz Ethical Committee (CEP ⁄ Fiocruz

protocol n 11591-2005).

Results

Occurrence and maintenance of key-premises

Tubiacanga

In the dry season, we inspected 546 (62.9%) premises, of

which 112 (20.5%) were infested and harboured 8342

Ae. aegypti immatures. In the wet season, we inspected

662 (76.3%) houses, of which 140 (21.2%) were

infested and harboured 7162 Ae. aegypti immatures

(Table 1). Twenty-seven (24.11%) of houses infested in

the dry season were also infested during the wet

season. No house was identified as key-premise in both

seasons, suggesting that the ‘key’status changes at 4- to

5-month intervals.

Favela do Amorim

In the dry season, we inspected 401 (44.7%) premises, of

which 45 (11.22%) were infested and harboured 3720

Ae. aegypti immatures. In the wet season, we inspected 847

(94.4%) premises, of which 81 (9.56%) houses were

infested and harboured 8027 Ae. aegypti immatures

(Table 1). Only nine (11.11%) of the 81 houses infested in

the wet season were also infested during the dry season.

One house was identified as a key-premise during both

seasons.

Productivity of key-premises and positive houses and

premise condition index in the slum area

The mean numbers of Ae. aegypti larvae, pupae and

immature collected per positive and key-premises in the

suburban and slum areas during the dry and wet seasons

are given in Table 2. Remarkably, key-premises presented

higher means of Ae. aegypti immatures (dry: U = 1853.5,

P < 0.001; wet: U = 2098, P < 0.001), larvae (dry:

U = 788, P = 0.021; wet: U = 1656.5, P < 0.001) and

pupae (dry: U = 1034, P = 0.036; wet: U = 709,

P = 0.047) than positive houses during both the dry and

wet seasons (Table 2).

Similar results were found in the slum, where key-

premises also had a higher mean of immatures (dry:

U = 2143, P < 0.001; wet: U = 2496.5, P < 0.001), larvae

(dry: U = 1976.5, P = 0.0016; wet: U = 2004.5,

P < 0.001) and pupae (dry: U = 945, P = 0.039; wet:

U = 1016, P = 0.0446) than positive houses during the dry

and wet seasons (Table 2).

In the slum, a higher mean PCI score was observed in

key-premises than in non-key houses in both seasons

(P = 0.0127 for the dry season and P = 0.0198 for the wet

season; Table 2).

Spatial distribution of key-premises and its importance

in adult mosquito population density

A total of 254 (29.3%) and 274 (30.5%) premises were

visited for adult collection during the wet season in

Table 1 Occurrence and frequency of houses holding one, two and three or more infested containers in Tubiacanga (suburban area) and

Favela do Amorim (slum) during the dry and wet seasons

Tubiacanga (suburban area) Favela do Amorim (slum area)

Dry season One positive container 78 (69.6) One positive container 35 (77.7)
Two positive containers 16 (14.3) Two positive containers 4 (8.8)

Three or >positive containers 18 (16.1) Three or >positive containers 6 (13.5)

Wet season One positive container 85 (60.7) One positive container 52 (64.2)

Two positive containers 30 (21.4) Two positive containers 20 (24.7)
Three or >positive containers 25 (17.9) Three or >positive containers 9 (11.1)
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Tubiacanga and Favela do Amorim, respectively. In the

wet season, key-premises in the suburban area presented

a spatial distribution closely related to areas where

Ae. aegypti females were collected, suggesting that they

have an important role in adult mosquitoes spatial distri-

bution. Just one area on the central part of the smoothed

map had a hot spot of adult mosquitoes surrounded only

by infested but non-key premises nearby (Figure 1). Forty-

eight houses harboured more pupae than the overall mean

for infested suburban houses.

Table 2 Results of two pupal surveys conducted in Favela do Amorim and Tubiacanga showing the number of positive houses and
key-premises inspected, their mean premise condition index (PCI) and the mean number of immature, pupae and larva collected per house

Area House status Season Number of houses Mean of immatures Mean of pupae Mean of larvae Mean PCI

Tubiacanga Positive houses Dry 112 54.8 8.45 46.34 –

Key-premises Dry 18 122.5 18.61 103.88 –
Positive houses Wet 140 31.2 5.78 25.34 –

Key-premises Wet 25 112.6 10.16 102 –

Favela do Amorim Positive houses Dry 45 53.88 10.26 43.62 6.28

Key-premises Dry 6 215.83 28.5 187.3 7.43
Positive houses Wet 72 70.32 9.18 61.1 6.55

Key-premises Wet 9 259 23.8 235.11 7.62

0 100 200

Metres

300

Figure 1 Smoothed spatial distribution of adult Aedes aegypti females collected in Tubiacanga with CDC backpack aspirator and BG-

Sentinel trap. Key-premises are represented by (d) and non-key but infested houses as (x).
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In the slum during the wet season, key-premises had a

spatial distribution congruent with areas where adult

mosquito females were more abundantly collected, with

the exception of an area at the bottom of the smoothed

map (Figure 2). Twenty-one houses harboured more pupae

than the overall mean for infested slum houses.

Influence of categories on PCI score

According to the correspondence analysis, house condition

and degree of shade had higher influence on the PCI score

than yard condition (Figure 3).

Discussion

This report describes Ae. aegypti infestation characteristics

in two neighbourhoods of Rio de Janeiro, a city with

intense and periodic dengue epidemics during the last

20 years (Luz et al. 2003). We evaluated the occurrence,

maintenance between seasons, productivity and PCI score

of key-premises in a suburb and a slum, neighbourhoods

with very distinct urban infra-structures, socio-economic

status and population density. The importance of key-

premises and non-key but infested houses on Ae. aegypti

adult female spatial distribution was also evaluated.

Extensive pupal surveys were conducted in Tubiacanga

and Favela do Amorim to determine the most productive

container types in both localities during the dry and wet

seasons (Maciel-de-Freitas et al. 2007a), and consequently,

the occurrence of infested and key-premises. The number of

houses (n = 2456) inspected for this report was consider-

ably higher than that in similar studies of Ae. aegypti

infestation patterns conducted worldwide (Tun-Lin et al.

1995a, b; Chadee 2004; Nogueira et al. 2005). In both

study areas, many houses were infested. For instance, we

observed seasonal house indexes of 20.51% and 21.14% in

Tubiacanga and of 11.22% and 9.56% in Favela do

Amorim. Both places seem to have suitable conditions to

support a large mosquito population and intense dengue

transmission; this is confirmed by recent data on dengue

notification in these neighbourhoods (Secretaria de Estado

de Saúde do Rio de Janeiro 2007).

The frequency of infested and key-premises did not vary

seasonally within each area, but the infestation levels

differed between areas. Probably, the low impact of

seasonality on the Ae. aegypti infestation pattern was due

to the constant and high production of large water con-

tainers such as metal drums and water tanks (Maciel-de-

Freitas et al. 2007a), which are not affected by rainfall.

Indeed the effect of seasonality was also low or absent on

most productive container types, mean number of pupae

0 100 200 300

Metres

Figure 2 Smoothed spatial distribution of adult Aedes aegypti
females collected in Favela do Amorim with CDC backpack

aspirator and BG-Sentinel trap. Key-premises are represented by

(d) and non-key but infested houses as (x).
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Figure 3 Correspondence analysis of the premise condition index

and its components (yard condition, degree of shade and house

condition). Data set was obtained during a pupal survey conducted
in Favela do Amorim and data matrix is composed by four

descriptors and 122 objects and was analysed with the software

statistica 6.0 (StatSoft, Inc. 2001).
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collected per house, Ae. aegypti female survival rate and

dispersal during the dry and wet seasons in both localities

(Maciel-de-Freitas et al. 2007a, b).

Remarkably, few infested and key-premises maintained

the same status in both collections, although their infesta-

tion frequency and productivity remained similar in the dry

and wet seasons within each area. Infestation pattern,

frequency and productivity of houses (negative, positive or

key) in a given area might be similar over the year, with

house status varying more frequently within a few months.

This unexpected outcome could be due to health agents’

control activities during the dry season. Theoretically, as

treated containers in inspected houses become unsuitable

for mosquito oviposition, Ae. aegypti females search for

untreated premises for laying eggs, maintaining the infes-

tation level in such areas but not necessarily the houses

(uninfested, infested or key). Regrettably, this dynamicity

on house infestation status presents an important impe-

diment to dengue control. Besides, Ae. aegypti resistance to

temephos and pyrethroids, inaccessibility of some areas

because of crime, lack of long-term educational pro-

grammes, and differences in vector biology even in close

neighbours requiring specific control approaches consid-

erably complicate the success of countrywide control

activities (Luz et al. 2003; Braga et al. 2004; Da-Cunha

et al. 2005).

A previous report observed that PCI scores of infested

houses were higher than those of Ae. aegypti-free resi-

dences, validating the usefulness of the method (Tun-Lin

et al. 1995b). Subsequent surveillance was conducted in

other countries to observe houses’ PCI and the importance

of this method to help dengue control activity (Moloney

et al. 1998; Gómez et al. 2001; Nogueira et al. 2005). In

Brazil, a significant association was observed between

house PCI score and the presence of Aedes eggs (Nogueira

et al. 2005). However, the differential productivity of key-

and non-key-premises had not been tested yet. We

observed that key-premises had a higher PCI score and

productivity than infested non-key houses. Thus, we

should expect that key-premises had an important role in

adult Ae. aegypti spatial distribution. In fact, key-premises’

distribution seemed to be correlated with areas where more

adult Ae. aegypti females were collected. Occasionally, no

key-premises or even infested houses were observed in

some areas where mosquito females were abundant.

Possibly, mosquitoes emerged in near houses, where health

agents were not allowed to enter, and dispersed. In the

MRR experiment conducted after the pupal survey,

Ae. aegypti travelled a mean 80 m from the release point in

suburban areas and 40 m in slum areas (Maciel-de-Freitas

et al. 2007b). As Ae. aegypti has a limited dispersal

capacity, predominantly in urban areas where oviposition

sites and hosts might be abundant, areas with high adult

mosquito population are probably because of inaccessible

houses. Regardless of this hypothesis, PCI offers a rapid

assessment method for selecting houses for survey. How-

ever, infested houses and premises with low PCI score

should not be neglected by health agents, as Tun-Lin et al.

(1995b) and Nogueira et al. (2005) have pointed out.

Since Focks and Chadee (1997) argued that the ratio of

pupae per person provides a better estimate on dengue

transmission risk, traditional Stegomyia indices such as

House and Breteau were superseded. In fact, key-premises

harboured a higher mean number of pupae than ordinary

infested houses and their spatial distribution overlapped

that of adult female Ae. aegypti. In conclusion, mapping

key-premises in Ae. aegypti-infested areas provides

important information about vector ecology and might

produce a more detailed assessment of mosquito infesta-

tion patterns, such as detecting houses that produce adult

Ae. aegypti. Control activity should focus on such houses,

especially when money is tight.
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It is often assumed pathogens should evolve towards a benign relationship with hosts. In 

this context, little is known about the behavior of dengue infected <i>Aedes aegypti</i> 

females. Unexposed lived longer than exposed individuals, but infected lived longer 

than exposed but negative mosquitoes in qRT-PCR assays. Mosquitoes from colony 

presented more RNA copies at death than field population. Survival of exposed was 

independent of the number of RNA copies at death, whereas in the field population, 

longevity decreased with the number of RNA copies, suggesting it is less tolerant to 

infection. Infected females had a lower fecundity than controls. Field mosquitoes were 

more likely to lay eggs; egg-laying success was strongly affected by mosquito age for 

both populations - from 49.28 in the first clutch to 20.7 in the fifth.  Dengue virus 

reduced <i>Aedes aegypti</i> survival and fecundity, clearly affecting vectorial 

capacity and consequently transmission intensity. 

 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 
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The World Health Organization (WHO) estimates that there are 50 million cases 

of dengue per year, with more than 2.5 billion people at risk.1 Dengue disease occurs 

mainly in the tropics, as its primary vector is the mosquito Aedes aegypti. This species 

is abundant in urban areas, where females usually breed in man-made containers.2,3 It is 

believed that the intensity of dengue transmission is largely influenced by the 

parameters governing the horizontal transmission from mosquito to human and back: 

the mosquito’s population density, its biting rate, its preference for feeding on humans, 

its survival rate and the virus’ incubation period in the mosquito.4 Dengue can also be 

transmitted vertically, when offspring are infected by their mother. Vertical 

transmission may play a significant role in the maintenance of dengue viruses especially 

during inter-epidemic periods.4,5 

Understanding the epidemiology of dengue is therefore not possible without good 

estimates of these factors and, in particular, how dengue infection itself influences the 

epidemiologically most relevant parameters on mosquito biology: longevity and biting 

rate.4,6 However, the effect of dengue on these parameters is not well known, and most 

mathematical models assume there is none.7 Two studies considered biting rate, but 

gave conflicting results. Using long-established laboratory colonies of Ae. aegypti, 

Putnam and Scott8 found no evidences that DENV-2 influenced the mosquito’s feeding 

behavior (i.e. biting rate), whereas in Platt et al.9 the time required for blood-feeding and 

the time spent probing were longer in dengue-infected mosquitoes than in uninfected 

individuals. The impact of dengue viruses on Ae. aegypti survival is almost unknown. In 

one study, showing that intrathoracically infected mosquitoes had lower fecundity than 

controls, it was noted (without showing the data) that infected mosquitoes survived less 

long than uninfected ones.10 This contrasts the pattern that the survival of Aedes 
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mosquitoes is generally slightly affected by arboviruses, although remarkable virus-

induced mortality has been detected in other mosquito-virus systems.11 

While other traits than survival and biting rate are less important for the 

epidemiology of a vector-borne disease such as dengue,4,6 they can be relevant for the 

population dynamics (and thus, via mosquito density, also for transmission) and for the 

evolutionary pressure on the mosquito. The most important trait in this respect is age-

specific fecundity. To our knowledge, no studies have estimated the impact of 

horizontally transmitted dengue on mosquito fecundity. 

In this study, we consider the effect of the DENV-2 on the longevity and age-

specific fecundity of a laboratory-colony and a natural population of Aedes aegypti. 

 

MATERIALS AND METHODS 

 

Mosquitoes. Two Ae. aegypti populations were used. The natural population 

consisted of the F1 generation of mosquitoes collected in Caju, a neighborhood of Rio 

de Janeiro, Brazil. In the latest dengue epidemic in Rio de Janeiro, in 2007-2008, this 

neighborhood had the highest incidence of dengue, so that we can assume that its 

mosquito population transmits the virus efficiently. Mosquito eggs from Caju were 

collected by distributing 80 ovitraps filled with hay infusion in an area of 6.1 hectares. 

The laboratory-colony was the Paea strain, which was initiated from mosquitoes caught 

in French Polynesia and has been maintained in laboratory cages since 1994. It is highly 

susceptible for dengue viruses.12 

Larval populations were reared and maintained in identical laboratory conditions. 

After emergence, adults were maintained at 27 ± 2°C, 65 ± 5% relative humidity and 

nearly 12-12h light-dark photoperiod in cages of 45cm3 and allowed to mate. They were 
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fed ad libitum with cotton soaked with a 10% sucrose solution up to about 36h before 

the females were offered a DENV-2 infectious blood-meal. 

 

Virus. A C6/36 cell clone of Aedes albopictus (ATCC) was grown and maintained 

as monolayers at 28°C on Dulbecco's modified medium (DMEM) buffered with sodium 

bicarbonate and supplemented with glutamine, penicillin-streptomycin and 5% 

inactivated fetal calf serum (iFCS). Green monkey kidney vero cell clone (ATCC 

CCL81) was grown as monolayers and maintained at 37°C on 199 medium with Earle's 

salts buffered with sodium bicarbonate and supplemented with 5% iFCS and 

gentamicin. 

Dengue virus serotype 2 (DENV-2) strain 16681 was provided by Dr. S. Halstead 

(Naval Medical Research Center, USA). The virus stock was obtained from 4 passages 

in Vero cell cultures. Culture monolayers were infected with a 10-fold diluted inoculum 

without iFCS and incubated at 37°C for 90 minutes. After 7 days of infection, 

supernatant was centrifuged at 400g for 10 minutes for cellular debris removal. The 

virus stock was stored at -70°C with 30% iFCS. Virus was titrated by serial dilution 

cultures in microtiter plates and detected by immunofluorescence.13,14 Virus titer 

(5,0x106 TCID50/ml) was calculated as 50 percent tissue culture infectious dose or 

TCID50 /ml.15  

 

Oral infection of mosquitoes with DENV-2. Six to seven days after emergence, 

60 females were put into small cylindrical plastic cages, with no access to sugar. About 

36h later, they were offered a DENV-2 infectious blood meal. One ml of supernatant of 

infected cell culture was added to 2 ml of washed sheep erythrocytes to prepare the 

infectious blood-meal, which was heated to 37°C and provided to the mosquitoes in an 
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artificial membrane feeding apparatus.16 Mosquitoes were allowed to feed for 25 min on 

infectious blood that contained a viral titer of 3.6 x 105 PFU equivalent/ml. The same 

procedure and apparatus was used to feed control mosquitoes, but these received a non-

infectious blood meal. 

 

Experimental design. Fully engorged females were isolated in labeled cylindrical 

plastic tubes (6.5 cm height, 2.5 cm diameter) containing on the bottom a moistened 

cotton overlaid with filter paper as substrate for oviposition and closed on top with 

mosquito netting. Once a week, mosquitoes from control and experimental groups were 

allowed to feed individually on non-infectious defibrinated sheep blood with the 

membrane feeders described above. Three days later, filter papers were checked for 

eggs. Survival was checked every day at 09:00 am and 4:00 pm. Upon discovery, each 

dead mosquito was removed from the tube, its wing length was measured as the 

distance from the axillary incision to the apical margin excluding the fringe,17 and was 

labeled and stored at -80°C for qRT-PCR assays.  

 

DENV-2 quantitative real-time RT-PCR. The concentration of viral RNA in 

each individual was estimated with a one-step real time reverse transcriptase 

polymerase chain reaction using the ABI Prism® 7000 Sequence Detection System 

(SDS)(Applied Biosystems, Foster City, CA). Each mosquito was macerated with 100 

µl of Leibovitz medium (L-15) and 33 µl of foetal calf serum (FCS), and viral RNA was 

extracted using QIAmp Viral RNA Kit (Qiagen Sciences, Maryland, MA). The reaction 

mixture was prepared using the Taqman® One-Step RT-PCR Master Mix Kit. Samples 

were assayed in a 30 µl reaction mixture containing 8.5 µl of extracted RNA, 0.63 µl of 

40× Multiscribe enzyme plus RNAse inhibitor, 12.5 µl TaqMan 2× Universal PCR 
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Master Mix (Applied Biosystems, Foster City, CA) and 300 nM of each specific primer 

and fluorogenic probe. Primer sequences (DV3.U: 5’-AGC ACT GAG GGA AGC TGT 

ACC TCC-3’; DV.L1: 5’-CAT TCC ATT TTC TGG CGT TCT-3’) and probe (DV.P1: 

5’-CTG TCT CCT CAG CAT CAT TCC AGG CA-3’) were obtained from Houng et 

al.18 and designed for the 3’ noncoding sequences (3’NC). The TaqMan probe was 

labeled at the 5’ end with 5-carboxyfluorescein (FAM) reporter dye and at the 3’ end 

with 6-carboxy-N,N,N’ ,N’- tetramethylrhodamine (TAMRA) quencher fluorophore. 

The 5’ nuclease TaqMan assay relies on the 5’ exonuclease activity of the Taq 

polymerase to free the reporter dye in the quenched probe. DENV-2 viral stocks and 

water was set as positive and negative controls, respectively, and were included in every 

assay. The threshold cycle (Ct) represents the PCR cycle at which the SDS software 

first detects a noticeable increase in reporter fluorescence above a baseline signal. 

 

Statistical analysis. Mosquitoes were analyzed as three treatments: uninfected 

controls, infected mosquitoes and negative mosquitoes. Controls did not feed on 

DENV-2 infectious blood. Infected mosquitoes had been blood-fed with a single 

DENV-2 infectious blood-meal and were screened dengue-positive by the PCR. 

Negative mosquitoes were blood-fed with an infectious blood meal but no virus was 

detected. 

Longevity was analyzed as the square root of the day at death, as this 

transformation satisfied the assumption of normality (Shapiro-Wilk W = 0.9957, P = 

0.191). We analyzed the effect of treatment (control, negative or infected), population 

(Paea or Caju), wing length and number of RNA copies (just for mosquitoes of infected 

treatment) on mosquito longevity with an ANOVA. (Note that, as we had the longevity 

of each mosquito and the data were normally distributed, a survival analysis was not 
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necessary. Such an analysis gave similar conclusions (analysis not shown).) In the 

infected treatment, we also considered the effect of the number of RNA copies (i.e. the 

intensity of dengue infection). We initiated the analysis with all possible interactions, 

and backwards-eliminated them (starting with the highest interactions) if they had no 

effect at p<0.05. 

Fecundity was analyzed by considering just the first five clutches, as only a small 

number of females laid eggs when they were more than 5 weeks old, precluding 

adequate numbers for analysis. We analyzed two aspects of fecundity. First, we 

analyzed the likelihood that a mosquito had laid at least one egg (at a given clutch) with 

a logistic analysis that included treatment, population, wing length and clutch-number 

(i.e., age), again backwards-eliminating the insignificant interactions. Second, we 

analyzed the number of eggs of the successful mosquitoes with a repeated analysis. We 

square-root transformed the number of eggs to satisfy the assumptions of normality. We 

included clutch-number as the repeat and estimated the effects of treatment, wing length 

and population. All analyses were carried out with the statistical software JMP 7.0.2. 

 

RESULTS 

 

Of the 501 Ae. aegypti females used in this experiment, 297 mosquitoes were 

exposed to DENV-2 16681; 198 of these were infected and 99 were negative. Thus, 204 

individuals belonged to control group. 

 

Aedes aegypti longevity. The highest longevity was observed in the control 

treatment, in which six females lived more than 90 days; in general controls lived longer 

(42.7 days ± 23.2 SD) than the other treatments (infected: 26.3 days ± 12.1; exposed but 
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negative: 22.1 days ± 12.7) (Figure 1; Table 1). Infected individuals survived longer 

than negative ones (t = 2.58, df = 494, p = 0.0102), but less than controls (t = 9.414, df 

= 494, p < 0.001). Figure 1 shows that infected mosquitoes had a similar survival rate to 

controls up to the 12th day after infection, whereupon their mortality rate increased. 

Negative mosquitoes had a higher mortality rate than controls and infected mosquitoes 

during the first few days after exposure. Mosquitoes with longer wings survived longer 

than small mosquitoes (Table 1). The Caju population survived longer than mosquitoes 

from the Paea strain (Table 1).  

In the infected treatment, we also considered the effect of the number of RNA 

copies (i.e. the intensity of dengue infection). Mosquitoes from Paea population 

presented more RNA copies at death than Caju (95% interval limits for Caju: 4021.7 – 

5658.7; Paea: 5418.3 – 7645.7) (i.e. the Caju population was more resistant to higher 

virus titers). In addition to population (Table 2) and wing length, longevity was affected 

by the interaction between RNA copies and population (Table 2; Figure 2). In the Paea 

population, survival was independent of the number of RNA copies, whereas in the 

Caju population, longevity decreased with the number of RNA copies (Figure 2) (i.e. 

Caju was less tolerant of infection). 

 

Aedes aegypti fecundity. The first part of our analysis of fecundity considered 

whether females laid eggs (Table 3). Field mosquitoes (from Caju) were more likely 

than the Paea colony to lay eggs (90% of Caju, 82% of Paea laid eggs). Egg-laying 

success was strongly affected by mosquito age, decreasing with female age from 95% 

success at the first clutch to 75% at the fifth clutch (Table 3). There was an interaction 

between treatment, wing size and age, with oviposition success dropping more rapidly 
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with age in exposed (infected and negative) mosquitoes than in controls, but only if they 

were small (Table 3, Figure 3). 

The second part of the analysis considered the number of eggs of females that laid 

at least one egg (Table 4). The number of eggs of ovipositing Ae. aegypti females from 

the three treatments decreased more than two-fold with time, from a mean of 49.28 in 

the first clutch to 20.7 in the fifth (Figure 3). The decrease of fecundity was more 

evident for infected and negative mosquitoes than for unexposed controls (Figure 3). 

They laid similar numbers of eggs as the control in the first and second clutch, but laid 

fewer eggs in the later clutches (although in the fifth clutch the fecundity of the negative 

mosquitoes increased to a value similar to the controls).  

 

 

DISCUSSION 

 

We showed that the dengue virus serotype 2 considerably decreases the longevity 

and fecundity of Ae. aegypti females, parameters that directly or indirectly (via 

population density) influence the intensity of disease transmission. This contrasts to 

some degree with the pattern that arboviruses generally have little effect in Aedes 

mosquitoes (although they do decrease longevity of other genera of mosquitoes11). 

According to models of dengue transmission,6 the mosquito’s survival and biting 

rates and the virus’s extrinsic incubation period (EIP) greatly affect its vectorial 

capacity, which is a measure of the mosquitoes’ ability to transmit a pathogen.4,6,19 

While the survivorship of Ae. aegypti females has been estimated under several field 

scenarios (socioeconomic status, rural or urban, crowded or low-density neighborhoods, 

wet versus dry season),20-23 little is known about the Ae. aegypti-dengue virus 
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interactions. In fact, basic questions such as if virus influences mosquito lifespan, what 

are the molecules and proteins involved, targeting cells and so on remain without an 

answer. 

Our results show an intriguing pattern of mortality. During the first few days, the 

exposed but negative mosquitoes had the highest mortality rate, while infected 

mosquitoes died at a rate similar to the controls. After the first few days, the mortality 

rates of the three treatments were similar. However, 12-15 days after exposure, exposed 

individuals (whether infected or negative) had increased mortality rates, while the 

controls continued to present a low mortality rate up to the end of the experiment. The 

reason for the initial mortality of exposed but negative mosquitoes is unknown, but we 

might speculate the immune response may be activated shortly after infection. If the 

immune response is strong enough, it might clear the virus, but it would also carry costs 

and might therefore increase mortality,24 thus leading to the apparent contradictory 

result that uninfected (but exposed) mosquitoes are more likely to die than infected 

ones. Unfortunately, the cellular and humoral immunity responses of Ae. aegypti 

mosquitoes to arboviruses such as DENV have only just recently begun to be examined, 

and we cannot speculate on the pathways that may lead to our observation.25 The 

presence of midgut infection barriers seems to be the most efficient way mosquitoes can 

avoid virus dissemination, but recent evidence has shown that RNAi, a major 

component of the mosquito innate immune response, may modulate infection by 

producing molecules to inhibit virus replication.26-28 Up to now, there is no evidence 

that mosquitoes elicit an immune response during dengue virus infection or that it is 

costly. However, we must recognize that with our data we are not able to confirm if 

negative individuals are free of virus due to an immune response that eliminated the 

pathogen or if virus titer was too low or even absent to be quantified. 
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The presence of negative but exposed individuals constitutes an intriguing fact 

that is difficult to be analyzed. One possible explanation for their presence in our study 

may rely in the time elapsed between mosquito death and its storage at -80°C for the 

subsequent qRT-PCR assays. Exposed (positive and negative) mosquitoes received a 

DENV-2 infected blood-meal and were kept at room temperature. Mosquito 

survivorship was checked twice daily and, as soon as an individuals was found dead, we 

measured its wing length and placed it at -80°C. Therefore, we were not able to 

determine exactly for how long a dead mosquito remained at room temperature, where 

viral RNA degradation is often faster at higher temperatures and relative humidity.29 In 

laboratory controlled assays, we have observed a 30% loss in the detection of dengue 

virus RNA by qRT-PCR in dead Ae. aegypti infected females six hours after mosquito 

death at insectary temperature and relative humidity (Maciel-de-Freitas, unpublished 

data). Evidence showing detection of viral RNA in mosquitoes dead and maintained at 

room temperature are lacking, although RNA detection in Ae. aegypti killed by freezing 

was effective during several weeks.30 Thus, we must consider that some of the exposed 

individuals may be negative by qRT-PCR assays due to the long time that passed 

between their death and their discovery and storage at -80°C. This explanation would in 

part explain how the survivorship of infected and negative treatments was similar from 

12-15 days after infection. Despite that, future studies are necessary to best 

understanding of exposed but negative mosquitoes, disentangling the possible immune 

response of mosquitoes to arboviruses from the lost of RNA due to degradation after 

mosquito death at room temperature. To our knowledge, there is a single paper that 

reported the fecundity of Ae. aegypti infected with dengue virus, where fertility and 

fecundity in transovarially infected batches were lower than in control individuals.10 

However, data were not fully presented, making comparisons difficult between the 
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results achieved here and in Joshi et al.10 Our results considered horizontally infected 

mosquitoes and showed that the effect of the virus on fecundity depended on the 

mosquito’s age. In the first two clutches, exposed and control mosquitoes had similar 

egg numbers. Only from the third clutch onwards did infected females present lower 

fecundity than control treatment. Females laid eggs from the second and third clutch 

around 11 and 18 days post-infection. Around day 15th after infection, several mosquito 

tissues such as midgut, nervous system and salivary glands are severely infected by 

dengue virus.31 Possibly, DENV dissemination through mosquito body may have an 

impact on its fecundity, but it is difficult to determine whether it would be a 

consequence of host manipulation or whether it represents a vector response to the 

stress imposed by infection.32 In contrast to the data on survival, infected and exposed 

but negative mosquitoes were affected similarly by the virus. Parasite-induced fecundity 

reduction in others vector/parasite interactions has already been observed, but not for 

Ae. aegypti-dengue virus system.32 For instance, parasite-induced fecundity reduction 

was observed in Leishmania-infected sandflies,33 Dirofilaria-infected Ae. trivittatus 

mosquitoes34 and Onchocerca-infected blackflies.35 

In the Ae. aegypti-DENV-2 association, infection with virus produced a significant 

deleterious impact on mosquito fitness, negatively affecting mosquito survival and 

fecundity, important traits of vector biology and components of disease transmission. 

Our study is the first quantitative evaluation of Ae. aegypti survivorship and fecundity 

in  DENV-2 infected mosquitoes. Data gathered here may be used in the development 

of more refined and precise dengue transmission models, since current models are based 

on survival and fecundity values of non-infected individuals, which have higher 

estimates than infected ones. Increasing the predictive accuracy of these mathematical 
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models can help in the provision of public health resources where they will be needed 

most. 

Taken together, we have: (1) observed infected mosquitoes survived significantly 

less than unexposed individuals, (2) hypothesized some infected mosquitoes might be 

able to elicit an effective immune response to dengue virus, with a cost that could also 

increase mosquito mortality, (3) the genetic background of mosquito population affects 

vector tolerance and resistance to dengue virus, (4) field mosquitoes were more likely to 

lay eggs and egg-laying success was strongly affected by mosquito age for both 

populations, (5) the number of eggs laid by Ae. aegypti females decreased more than 

two-fold with age and (6) infected females had a lower fecundity than controls, but only 

from the third clutch onwards. 
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Table 1. Analysis of variance of the square root of survival of control, infected and 

negative Aedes aegypti females 

 

Source d.f. Sum of squares F P 
Treatment 2 198.83 44.47 <0.001 
Wing size 1 18.96 8.48 0.0037 
Population 1 44.09 19.72 <0.001 
Error 494 1104.32   
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Table 2. Analysis of variance of the square root of survival of DENV-2 infected 

mosquitoes. 

 

Source d.f. Sum of 
squares 

F P 

Population 1 20.78 16.44 <0.001 
Wing size 1 6.55 5.18 0.0239 
RNA copies 1 1.46 1.15 0.2831 
RNA copies*Population 1 4.97 3.93 0.0486 
Error 191 241.33   
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Table 3. Logistic regression analysis of the influence of mosquito treatment, 

population, age when they lay eggs and wing size on the success of oviposition. 

 

Source d.f. χ2 P 
Treatment 2 0.940 0.625 
Population 1 30.512 0.0001 
Age 1 50.626 < 0.0001 
Wing size 1 0.887 0.346 
Treatment*Wing size 2 0.448 0.799 
Treatment*Age 2 2.239 0.326 
Wing size*Age 1 0.014 0.906 
Treatment*Wing 
size*Age 

2 4.785 0.091 
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Table 4: Repeated analysis (with clutch taken as the repeat) of the square root of the 

number of eggs. Interactions (apart from with Clutch) were insignificant, so are not 

shown. 

 

Source Numerator 
d.f. 

Denominator 
d.f. 

F P 

Clutch * Treatment 8 170 2.475 0.0146 
Clutch * Wing size 4 85 2.933 0.0253 
Clutch * Population 4 85 0.850 0.4975 
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Figure 1. Survival curves of control (dotted line), infected (solid line) and negative 

(dashed line) individuals up to 50 days post-infection. Mosquitoes from the control 

treatment were alive up to the 109th day. 

 

Figure 2. Influence of (A) wing length and (B) viremia on the survival of Aedes aegypti 

females. In (A), open circles and the dotted line represent controls, filled circles and the 

solid line represent infected mosquitoes, and dotted circles and the dashed line represent 

exposed but negative individuals. In (B) open diamonds and the dotted line represent 

mosquitoes from the Caju (field) colony and filled diamonds and the solid line represent 

the Paea (lab) colony. 

 

Figure 3. Aedes aegypti clutch size during the first five weeks of mosquito lifespan. 

Open circles and the dotted line represent controls, filled circles and the solid line 

represent infected mosquitoes, and dotted circles and the dashed line represent exposed 

but negative individuals. 
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5. DISCUSSÃO 

 

A capacidade vetorial de uma população de um mosquito vetor está intimamente 

associada à intensidade da transmissão de um determinado patógeno, ou seja, ao 

número de infecção/casos no hospedeiro vertebrado (Service 1993). No caso específico 

do dengue, a dinâmica de transmissão em condições naturais é baseada na interação de 

três elementos: insetos vetores (essencialmente mosquitos Aedes aegypti), hospedeiros 

vertebrados (homem) e o patógeno (vírus dengue). Nessa tese, o foco foram aspectos da 

biologia do Ae. aegypti, avaliando-os em diferentes cenários. Assim, resultados 

relevantes foram alcançados a respeito da dispersão, da sobrevivência, do controle 

populacional e da interação do vetor Ae. aegypti com o vírus dengue, proporcionando 

maior conhecimento científico básico ou mesmo mais subsídios para o desenvolvimento 

de atividades de controle mais específicas e efetivas.  

Tradicionalmente, fêmeas de Ae. aegypti são apontadas como tendo limitada 

capacidade de dispersão a partir de seu ponto de emergência ou soltura (e.g. Harrington 

et al. 2005). Entretanto, sabemos que uma série de variáveis pode influenciar o raio de 

vôo do mosquito, principalmente a disponibilidade de hospedeiros vertebrados e sítios 

de oviposição (Forattini 1962, Reiter et al. 1995, Edman et al. 1998). Contudo, alguns 

fatores menos relevantes, ou talvez apenas menos estudados, também podem exercer 

influência, tais como o tamanho dos mosquitos, o estado fisiológico, o método de coleta 

utilizado, o tamanho da área amostrada e as condições climáticas. 

Especula-se que fêmeas de Ae. aegypti realizariam deslocamentos curtos em áreas 

com maior concentração de humanos e criadouros potencias, ao passo que maior 

dispersão seria observada onde esses elementos são menos abundantes (Maciel-de-

Freitas et al. 2006). Admitindo que esta hipótese seja verdadeira, poderíamos esperar 
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que em áreas com semelhantes disponibilidades de humanos e criadouros potenciais, 

mosquitos apresentariam raios de vôo similares. Da mesma forma, poderíamos esperar 

que coortes de fêmeas desse vetor liberadas em dias consecutivos, em experimentos de 

marcação, soltura e recaptura, apresentem comportamento de vôo similar, uma vez que 

mudanças significativas não seriam produzidas na disponibilidade de hospedeiros e 

sítios de oviposição entre 2-3 dias em uma dada área. O emprego de coortes de Ae. 

aegypti para avaliar sua capacidade de dispersão tem sido um método utilizado apenas 

recentemente, tornando difícil comparações entre estudos realizados em diferentes 

localidades, cada qual com sua estrutura urbana e demográfica (Harrington et al. 2001, 

2008, Maciel-de-Freitas et al. 2007). Além disso, informações relevantes, tais como 

densidade humana e área total geográfica amostrada estão constantemente ausentes em 

manuscritos. 

Ao realizar uma soltura em um ambiente amplo, no bairro suburbano de Olaria, 

no Rio de Janeiro (Maciel-de-Freitas e Lourenço de Oliveira 2009 – Artigo 1), 

observamos deslocamento de fêmeas de Ae. aegypti muito superior ao observado por 

outros autores (Morlan e Hayes 1958 Trpis e Hauserman 1975, 1986, Muir e Kay 

1998, Ordoñez-Gonzalez et al. 2001, Tsuda et al. 2001), inclusive por nós em áreas 

diferentes da mesma cidade (Maciel-de-Freitas et al. 2007, Maciel-de-Freitas et al. 

2009 – Artigo 4, David et al. 2009 – Artigo 2). Em Olaria, onde havia uma densidade 

humana de 169 hab/há e uma média de 7,54 criadouros por residência, constatamos um 

deslocamento médio de fêmeas de Ae. aegypti de 288m a partir do ponto de soltura, o 

maior entre os bairros investigados. Ao compararmos as densidades humanas e a média 

de criadouros por casa nas localidades trabalhadas (Tabela 1), observamos que a 

densidade humana é menor em Olaria do que nos outros quatro bairros estudados. 
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Contudo, a média de criadouros por casa foi significativamente maior em Olaria do que 

nas demais localidades investigadas. 

 

Tabela 1. Dispersão média, máxima, densidade humana e média de criadouros por casa 

em quatro bairros do Rio de Janeiro 

 Amorim* Tubiacanga* Urca Olaria 

Dispersão média (m) 53/39 81/87 82,5 288,12 

Dispersão máxima (m) 152/99 383/248 264 690 

Densidade humana (hab/ha) 901,2 337,4 297,1 169,4 

Média de criadouros por casa 5,69/4,53 4,9/5,48 6,11 7,54 

* Dados em Amorim e Tubiacanga apresentados como estação seca/estação chuvosa 

 

Edman et al. (1998) realizaram um experimento de campo em Porto Rico com 

manipulação da área estudada. Ou seja, criadouros foram removidos em algumas 

residências, enquanto que em outras casas foram adicionados depósitos, como 

ovitrampas e pneus, de modo que a disponibilidade de criadouros fosse marcadamente 

diferente entre algumas das casas da área estudada. Após realizar soltura de fêmeas 

grávidas de Ae. aegypti marcadas com pó fluorescente, Edman et al. (1998) observaram 

que houve maior taxa de recaptura nas casas onde foram instalados criadouros. Desta 

forma, ficou demonstrado, mesmo que de forma indireta, que em ambientes com maior 

abundância de criadouros seria observado menor deslocamento de Ae. aegypti, ou pelo 

menos que as fêmeas soltas se concentravam na área com maior disponibilidade de 

locais para oviposição Na Urca encontramos uma quantidade de criadouros 

estatisticamente semelhante ao observado em Tubiacanga. De um modo geral, o 

deslocamento de fêmeas de Ae. aegypti na Urca e em Tubiacanga foi semelhante, à 

exceção do observado para uma coorte na Urca, que dispersou distâncias 

significativamente maiores (David et al. 2009 – Artigo 2). Na Urca, as três coortes 
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foram liberadas no mesmo dia. Isso nos sugere que a pluviosidade, e consequentemente 

o acúmulo de água em certos depósitos, não tenha impactado diferencialmente a oferta 

natural de criadouros entre as coortes. Com o conhecimento disponível naquele 

momento, não teríamos como criar uma hipótese para responder por que houve maior 

deslocamento de uma coorte em relação às demais. Contudo, para melhor entender o 

comportamento de dispersão de fêmeas de Ae. aegypti, devemos adicionar um 

componente espacial à “disponibilidade de hospedeiros e sítios de oviposição” na 

elaboração da hipótese. Obviamente, em um ambiente urbano, a disponibilidade de 

hospedeiros e criadouros também varia em função do espaço, causando assim 

superfícies heterogêneas. Ao se estudar a ecologia de populações em superfícies 

heterogêneas, um cuidado crucial a ser tomado é definir a área de abrangência 

geográfica, ou escala, a ser avaliada, pois essa escolha pode influenciar enormemente o 

resultado alcançado (Erickson 1945 apud Ricklefs 1993, Fortin e Dale 2005). Ainda não 

se sabe até qual ponto, e sob qual área de abrangência geográfica, a quantidade de 

recursos (hospedeiros e criadouros) pode influenciar o comportamento de vôo do 

mosquito. Getis et al. (2003) observaram que fêmeas de Ae. aegypti formam 

agrupamentos (clusters) em áreas de até 10m de criadouros positivos.  

Ao continuarmos a avaliar a dispersão de fêmeas de Ae. aegypti, passamos a testar 

a hipótese de que mosquitos se deslocam para áreas onde casas com recursos mais 

abundantes estejam concentradas e que provavelmente este movimento varie segundo o 

estágio fisiológico da fêmea (Maciel-de-Freitas et al. 2009 – Artigo 3). Logicamente, ao 

longo de um ciclo gonotrófico, fêmeas de Ae. aegypti são atraídas por diferentes 

estímulos, dependendo de seu estado fisiológico. Por exemplo, fêmeas em estágios 

iniciais de desenvolvimento do ovário, ou não alimentadas, provavelmente buscariam 

hospedeiros para realizar alimentações sanguíneas, ao passo que fêmeas com ovários em 
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elevado estágio de desenvolvimento, ou grávidas, teriam maior atratividade por sítios de 

oviposição. No bairro suburbano de Tubiacanga, a dispersão foi mais fortemente 

associada aos recursos, uma vez que fêmeas de Ae. aegypti em seu primeiro ciclo 

gonotrófico foram coletadas com maior freqüência (79,4% do total de fêmeas 

capturadas 1-2 dias pós soltura) em áreas onde tanto criadouros quanto hospedeiros 

foram mais abundantes (Maciel-de-Freitas et al. 2009 – Artigo 3). Por outro lado, o 

padrão de dispersão não foi tão claro na Favela do Amorim, onde a densidade humana é 

praticamente três vezes superior a de Tubiacanga, mas o número de criadouros por casa 

é semelhante estatisticamente. No Amorim não houve deslocamento direcionado para 

áreas com maior concentração de hospedeiros, uma vez que totalizando as três coortes 

apenas 13,4% das fêmeas foram capturadas em áreas onde havia alta concentração de 

criadouros. Esses dados nos sugerem que as fêmeas não alimentadas, ao serem soltas, 

deslocaram-se nos primeiros dias em busca de hospedeiros. Após realizarem a 

alimentação sanguínea, apresentaram tendência de baixo deslocamento cumulativo, 

provavelmente continuando na mesma casa ou em suas vizinhas próximas nos dias 

subseqüentes (Maciel-de-Freitas et al. 2009 – Artigo 3). De fato, dados obtidos em 

Tubiacanga sugerem mais claramente que a direção do vôo de fêmeas de Ae. aegypti foi 

mais influenciada pela distribuição de criadouros do que pela dos hospedeiros. Por outro 

lado, deparamo-nos com maior complexidade ao tentarmos entender os dados 

alcançados no Amorim. De um modo geral, é provável que a alta densidade humana no 

Amorim, mesmo nas áreas marcadas com cor cinza claro nos mapas de alisamento (Fig. 

4 de Maciel-de-Freitas et al. 2009 – Artigo 3), tenha influenciado e produzido um 

deslocamento dos mosquitos para áreas supostamente pobres em recursos. 

A dispersão de machos de Ae. aegypti é muito pouco estudada, devido ao seu 

baixo papel epidemiológico na transmissão do dengue. Contudo, especula-se que seu 



171 
 

deslocamento se dê basicamente pela procura de fêmeas para a realização da cópula ou 

em busca de abrigos (Harrington et al. 2005) Em experimentos que realizamos no 

subúrbio carioca de Tubiacanga, o tamanho machos de Ae. aegypti não influenciou seu 

raio de vôo, enquanto fêmeas menores se deslocaram por distâncias superiores quando 

comparadas com fêmeas maiores (Maciel-de-Freitas et al. 2007 – Artigo 4). Como os 

insetos foram soltos no mesmo ponto, a distribuição espacial de hospedeiros e sítios de 

oviposição era igual para todos os indivíduos soltos. A diferença na dispersão observada 

entre fêmeas grandes e pequenas talvez seja resultado de como insetos dos dois grupos 

de tamanho estudado percebem os recursos e se deslocam no ambiente ao seu redor. 

Sabidamente, indivíduos menores possuem menor reserva energética e, dessa forma, é 

natural esperar que mosquitos menores apresentem menores deslocamentos (Briegel et 

al. 2001, Briegel 2003). Contudo, em nosso experimento, fêmeas menores apresentaram 

maior raio de vôo, possivelmente devido ao fato de que fêmeas com menores reservas 

alimentares no período larval tendem a realizar alimentações sanguíneas com maior 

freqüência que as maiores e com mais reservas (Scott et al. 2000). 

Se a dispersão do mosquito é influenciada pela disponibilidade de sítios de 

oviposição (Edman et al. 1998), espera-se que deslocamentos devam variar 

sazonalmente, de acordo com a pluviosidade observada. Durante a estação seca, a 

disponibilidade de criadouros pode ser reduzida, alterando assim a heterogeneidade 

espacial de sítios de oviposição e consequentemente a dinâmica de dispersão dos 

mosquitos (Reiter et al. 1995, Maciel-de-Freitas et al. 2009 – Artigo 3). Contudo, alguns 

resultados obtidos sugerem que o deslocamento de Ae. aegypti pode ser pouco 

influenciado pela sazonalidade (Harrington et al. 2005, Maciel-de-Freitas et al. 2007, 

David et al. 2009 – Artigo 2). Entretanto, Costa-Ribeiro et al. (2006a) observaram baixa 

diferenciação genética em Ae. aegypti durante os meses menos chuvosos, sugerindo 
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assim dispersão limitada no Rio de Janeiro, em momentos de maior oferta de 

criadouros, com um padrão semelhante também sendo observado no Vietnam (Huber et 

al. 2002). A disponibilidade de sítios de oviposição, que pode ser influenciada pelo 

regime de chuvas, pode ter um importante papel na estruturação genética de populações 

naturais de Ae. aegypti (Paupy et al. 2004, Costa-Ribeiro et al. 2006b).  

Ao se comparar a dispersão de fêmeas de Ae. aegypti observada nas quatro áreas 

por nós estudadas (Maciel-de-Freitas e Lourenço-de-Oliveira 2009 – Artigo 1, David et 

al. 2009 – Artigo 2,  Maciel-de-Freitas et al. 2009 – Artigo 3, 2007 – Artigo 4), não 

podemos negligenciar dois fatores que variaram entre as áreas: o tamanho da área 

estudada e o método de coleta dos insetos (Service 1993, Maciel-de-Freitas et al. 2008 – 

Anexo I). A área geográfica amostrada tem sido um fator negligenciado em estudos de 

dispersão de Ae. aegypti. Para a realização de experimentos de marcação-soltura-

recaptura, é comum selecionar e realizar coletas com aspiração e/ou armadilhas em 

áreas geograficamente isoladas, uma vez que uma emigração elevada pode 

comprometer estudos com esse desenho (Morlan e Hayes 1958 Trpis e Hauserman 

1975, 1986, Muir e Kay 1998, Ordoñez-Gonzalez et al. 2001, Tsuda et al. 2001, 

Maciel-de-Freitas et al. 2007). Afinal, com o emprego dessa técnica, não é possível 

justificar ausência de captura: se foi devida à morte dos mosquitos soltos ou 

simplesmente à emigração dos indivíduos liberados (Zheng e Brown 1987). 

Parafraseando o célebre astrônomo Carl Sagan (2002), ausência de evidência não 

significa evidência da ausência. Se a amostragem fica restrita a uma área de 100x100 

metros, por exemplo, a coleta dos insetos marcados obviamente ficaria restrita a essa 

área, apesar das fêmeas serem capazes de se deslocar por distâncias superiores. Dessa 

forma, deve-se avaliar a capacidade de dispersão em áreas amplas, sem limitações 
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geográficas que possam mascarar seu raio de vôo, e com as ferramentas corretas para 

coletar esses indivíduos liberados. 

A dispersão média (288m) e máxima (690m) de fêmeas de Ae. aegypti observadas 

em Olaria, onde não existem barreiras geográficas para restringir o seu movimento, 

pode representar um importante dado no que se refere controle. Teoricamente, um vetor 

capaz de se deslocar por grandes distâncias pode veicular o vírus por distâncias maiores. 

Assim, uma política de controle eficiente pode incluir ações de controle mais intensas, 

tais como supressão de criadouros e borrifação de inseticidas, em raios de pelo menos 

500m a partir de um caso de dengue notificado. 

Apesar da contribuição original sobre alguns aspectos da biologia de campo e 

comportamento de Ae. aegypti obtidos nesta tese, ainda é necessário saber mais sobre 

detalhes acerca da dispersão desse vetor, tais como a direção e o raio do vôo de fêmeas 

grávidas e de fêmeas em busca de alimentação sanguínea quando ambas são soltas em 

áreas com diferentes disponibilidades de recursos. Como o tamanho dos indivíduos 

pode alterar sua percepção a esses recursos e como a estrutura urbana contribui para o 

deslocamento do vetor permanecem pouco claros e merecem ser explorados. 

De um modo geral, nossos resultados sugerem que o grande raio de vôo de fêmeas 

de Ae. aegypti observado em Olaria foi mais influenciado pela baixa densidade humana, 

sendo que na Favela do Amorim o oposto foi observado: curto deslocamento em área 

muito populosa. Em Tubiacanga parece ter havido maior influência da disponibilidade 

de sítios de oviposição, enquanto que na Urca tivemos poucos dados para justificar o 

padrão observado. Isso nos sugere que o raio de vôo de uma fêmea de Ae. aegypti a 

partir de sua emergência do criadouro, ou liberação, é uma variável dependente da 

interação multivariada entre fatores espaciais, climáticos, fisiológicos e 
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comportamentais, assim como do método empregado para a avaliação deste 

deslocamento.. 

A longevidade de Ae. aegypti tem forte implicação na dinâmica de transmissão do 

dengue, pois o aumento no tempo de vida permite ao vetor realizar maior quantidade de 

repastos sanguíneos (Luz et al. 2003). No Rio de Janeiro, mais especificamente nas 

quatro áreas estudadas, observou-se uma tendência de haver maior sobrevivência diária 

de Ae. aegypti onde a densidade humana era maior (Maciel-de-Freitas et al. 2007, 2009 

– Artigo 2, 2008 – Artigo 5). Uma potencial explicação para esta relação reside no custo 

da busca por hospedeiros em cada área. Sabemos que Ae. aegypti é uma espécie 

endófila, intimamente associada ao homem, tendo-o inclusive como seu hospedeiro 

preferencial (Davila et al. 1991, Edman et al. 1992, Consoli e Lourenço-de-Oliveira 

1994, Garcia-Rejon et al. 2008). Uma vez que as áreas estudadas apresentam densidades 

humanas tão distintas (No Amorim a densidade populacional humana é cerca de 5,3 

vezes maior que em Olaria), o esforço do mosquito em encontrar seu hospedeiro 

também deve ter variado entre as áreas. No Amorim, por exemplo, devido ao seu alto 

adensamento humano, o esforço do mosquito seria menor do que nos demais bairros, 

com densidade humana menor. De fato, foi no Amorim onde foi observado menor 

deslocamento (Maciel-de-Freitas et al. 2007). Ao apresentar maior tendência de 

permanecer próximo ao ponto de soltura (ou menor necessidade de se deslocar), 

acreditamos que as fêmeas no Amorim foram menos expostas a fatores que 

aumentariam sua mortalidade, tais como fatores climáticos (MacDonald 1952, Clements 

e Peterson 1981). Ao apresentar curto deslocamento (Maciel-de-Freitas et al. 2007), 

fêmeas provavelmente entraram em casas próximas ao ponto de soltura em busca de 

fontes sanguíneas, utilizando essas residências como abrigo, possivelmente se 

alimentando dos residentes dessa casa ou das imediatamente próximas e ali ovipondo 
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por subseqüentes ciclos gonotróficos. Especulamos que esse comportamento seja 

responsável por promover maior longevidade às fêmeas do Amorim em comparação 

com as das demais localidades estudadas. 

Como visto, a longevidade de fêmeas de Ae. aegypti é determinada pela sua taxa 

de sobrevivência diária. A partir desse dado, podemos obter outras duas informações 

relevantes para a dinâmica da transmissão do dengue: proporção de fêmeas vivas 

quando se completou o PIE (Salazar et al. 2007) e a expectativa média de vida da 

população (Niebylski e Craig 1994). Ao elevar a potência 10 à base PDS 10, podemos 

observar que uma proporção muito baixa das fêmeas permaneceria viva dez dias após a 

soltura (Maciel-de-Freitas et al. 2007, 2007 – Artigo 4, 2008 – Artigo 5, David et al. 

2009 – Artigo 2). De maneira similar, a expectativa de vida da população também 

apresentou valores predominantemente baixos (Maciel-de-Freitas et al. 2007, 2007 – 

Artigo 4, 2008 – Artigo 5, David et al. 2009 – Artigo 2). Uma dúvida recorrente reside 

no fato de como a intensa transmissão de dengue se sustenta no Rio de Janeiro, mesmo 

com populações de Ae. aegypti apresentando baixas longevidade e expectativa média de 

vida. Ao avaliarmos longevidade e expectativa média de vida, temos como base de 

análise proporções e médias, respectivamente. Isso significa que, quando se estuda a 

distribuição dos dados sobre a longevidade dos mosquitos em uma população, deve-se 

considerar que alguns indivíduos certamente morrem logo após a sua liberação no 

campo. Outros, porém, vivem por períodos maiores do que a média observada para a 

população. Assim, acreditamos que a transmissão do dengue, em condições naturais, 

seja de responsabilidade dos outliers da distribuição da longevidade em dadas 

circunstâncias climáticas. Ou seja, aqueles indivíduos que apresentam valores atípicos 

de sobrevida, muito acima da média da população, devem ter maior capacidade vetorial. 

Esses indivíduos representariam uma parcela muito pequena dentre os liberados em um 
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experimento de marcação, soltura e recaptura. E uma parcela menor ainda dentre a 

população natural (Maciel-de-Freitas et al. 2007, 2008 – Artigo 5). 

Como visto, fêmeas de Ae. aegypti morrem com maior intensidade às custas de 

variações climáticas do que de causas naturais (MacDonald 1952, Clements e Paterson 

1981). Esse dado nos mostra que não se deve negligenciar a influência que as condições 

do clima e do ambiente podem exercer sobre a sobrevivência de Ae. aegypti. 

Em condições naturais, o encontro de mosquitos Ae. aegypti infectados com o 

vírus dengue é raro, mesmo em epidemias. No México, observou-se que fêmeas 

infectadas foram coletadas em menos de 4% das 880 residências amostradas, nas quais 

ao menos um morador era paciente com 1-4 semanas após apresentação de sintomas 

similares ao dengue (Garcia-Rejon et al. 2008). Maior proporção de adultos de Ae. 

aegypti infectados foi observada durante epidemias na Colômbia, Brasil (Manaus) e 

Venezuela, onde 12,7%, 17,1% e 18% dos pools estavam positivos (Mendez et al. 2006, 

Pinheiro et al. 2005, Urdaneta et al. 2005). Deve-se ressaltar que os pools analisados 

nos artigos citados acima poderiam conter número variado de indivíduos infectados, 

possivelmente alterando o percentual de indivíduos infectados dentre os coletados. 

Através da soltura de mosquitos marcados com posterior captura, podemos 

estimar o tamanho da população estudada. Em Olaria, o índice alcançado variou 

significativamente, dependendo do método utilizado (Maciel-de-Freitas et al. 2008 – 

Artigo 5). Provavelmente, a alta especificidade da MosquiTRAP à fêmeas grávidas 

superestimou a população natural. Por outro lado, por ser um método inespecífico, onde 

machos e fêmeas com diferentes demandas de recursos (em busca de repasto sanguíneo 

ou sítios de oviposição ou simplesmente em repouso) podem ser capturados igualmente, 

as estimativas fornecidas pelo aspirador podem ser apontadas como mais confiáveis 

(Maciel-de-Freitas et al. 2008 – Artigo 5). De posse da densidade de fêmeas adultas em 
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apenas um bairro na cidade do Rio de Janeiro, é possível fazer uma extrapolação para 

estimar a densidade de mosquitos em um dado período de tempo. Convém lembrar 

ainda que os experimentos realizados em Olaria foram conduzidos em novembro, mês 

em que a densidade de Ae. aegypti ainda não atingiu seu clímax (Halstead 2008, 

Honório et al. 2009). Assim, quando observamos que menos de 5% das fêmeas de Ae. 

aegypti estão vivas após 10 dias, e que a longevidade média dos mosquitos varia entre 1 

e 5 dias, tendemos a acreditar, novamente que um percentual muito baixo dos mosquitos 

é capaz de transmitir a dengue. Contudo, é um percentual baixo de um número absoluto 

muito alto, suficiente para sustentar uma epidemia de dengue (Para manter o foco nos 

mosquitos, ignoramos aqui componentes relevantes para o surgimento de uma epidemia 

de dengue, como a imunidade da população humana, eficiência de políticas de controle, 

dentre outros). 

Apesar do contínuo esforço para o controle feito por autoridades de saúde pública 

em áreas endêmicas de dengue, tem sido uma tarefa árdua e às vezes até mesmo 

utópica, traçar uma estratégia de controle eficiente e sustentável para manter a 

densidade populacional de Ae. aegypti abaixo de um nível limite de transmissão. 

Contudo, a definição do que seria um nível aceitável de risco é um processo complexo, 

dependente sobretudo de recursos, prioridades governamentais e histórico de 

transmissão de dengue na região afetada (Scott e Morrison 2003). Uma vez que não 

existe vacina disponível para o dengue (Webster et al. 2009), a busca por baixos níveis 

de transmissão tem sido perseguida através do controle populacional do Ae. aegypti. 

Mas o controle do vetor enfrenta uma série de dificuldades em centros urbanos, tais 

como (a) baixa infra-estrutura urbana que dentre outros aspectos leva à ausência de 

serviços como coleta de lixo e distribuição regular de água, que favorecem o 

aparecimento de criadouros, (b) o crescimento urbano descontrolado, quando novas 
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casas e, conseqüentemente, novos depósitos, são criados, (c) violência e insegurança, 

fazendo com que senhorios em favelas ou “moradores do asfalto” recusem a entrada dos 

agentes endemias, (d) facilidade de deslocamento humano por todo o globo, gerando 

circulação mais dinâmica de sorotipos virais, hospedeiros infectados e outros ainda não 

expostos, (e) resistência a diferentes classes de inseticidas exibida em populações de 

campo de várias áreas (Gratz 1993, Gubler 1989, 1998, 2004, Lima et al. 2003, Cunha 

et al. 2005, Montella et al. 2007, Wilder-Smith e Gubler 2008). 

 Como visto, a maneira mais utilizada para controlar o Ae. aegypti é a eliminação 

de criadouros onde se dá o desenvolvimento dos imaturos. Teoricamente e com o uso de 

modelos matemáticos, especula-se que a remoção de um tipo de criadouro produtivo 

possa provocar uma queda significativa na abundância de adultos do mesmo local e, 

conseqüentemente, nos níveis de transmissão de dengue (Scott e Morrison 2003). Ao 

realizar simulações com dados coletados em Iquitos, Peru, observou-se que a remoção 

de um tipo de criadouro produtivo onde se tinham coletado 69% das pupas, causou uma 

redução de 0,64 para 0,27 no número de Ae. aegypti/pessoa, suficiente para reduzir a 

transmissão de dengue a níveis próximos de zero (Scott e Morrison 2003).  

No presente estudo, ao realizar um intenso trabalho de campo baseado na 

eliminação de criadouros, fomos capazes de avaliar o impacto dessa ação na capacidade 

vetorial de populações locais de Ae. aegypti. Assim, assumimos, de forma simplista, que 

a transmissão do dengue nas áreas estudadas foi resultado exclusivo da capacidade 

vetorial dos mosquitos, ou seja, que parâmetros tais como a imunidade da população 

humana não variou de forma significativa ao longo do estudo, sazonalmente ou entre as 

áreas. Observamos que a eliminação do criadouro mais produtivo no primeiro inquérito 

de campo em Tubiacanga (caixas d’água) produziu uma drástica redução na densidade 

populacional de Ae. aegypti (Maciel-de-Freitas et al. 2010 – Artigo 6). Contudo, a 
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duração desse efeito foi inesperadamente curto, apesar de caixas d’água terem 

produzido 72% das pupas. Entre 6-7 semanas após a primeira intervenção a população 

do vetor atingiu um nível semelhante ao observado antes da intervenção. Como sabido, 

Ae. aegypti é uma espécie oportunista, que pode realizar a postura de seus ovos em 

criadouros de variados formatos, tamanho e posicionamento em relação à exposição aos 

raios solares (Focks et al. 1981, Cunha et al. 2002, Maciel-de-Freitas et al. 2007). 

Fêmeas de Ae. aegypti podem apresentar um comportamento conhecido como 

oviposição em saltos (Harrington e Edman 2001, Colton et al. 2003, Reiter 2007, 

Chadee 2009), uma estratégia evolutiva em que a fêmea realiza a postura dos ovos de 

um ciclo em mais de um depósito. Com isso, apesar de campanhas de controle com foco 

na redução de criadouros, a probabilidade de que a herança de uma fêmea esteja 

presente nas gerações seguintes é maior do que se todos os ovos fossem depositados em 

um único local (Chadee 2009). Nas quatro áreas avaliadas, quase 100% das residências 

inspecionadas possuem ao menos um criadouro com água acumulada (Maciel-de-Freitas 

et al. 2007, 2009 – Artigo 1, 2010 – Artigo 6, David et al. 2008 – Artigo 2). Com seu 

caráter oportunista, é natural supor que, na ausência de um determinado tipo de 

criadouro para realizar a postura, fêmeas busquem outros tipos de depósito para ovipor. 

Esta hipótese é reforçada ao observarmos que houve tendência de aumento na 

produtividade de outros tipos de criadouro em Tubiacanga, como tonéis, ralos, potes e 

pratos de planta, nos subseqüentes inquéritos de campo após termos eliminado a 

possibilidade de proliferação de Ae. aegypti no criadouro identificado previamente 

como o mais produtivo. Vale ressaltar que tonéis tiveram um aumento significativo de 

sua produtividade, tendo sido coletado seis vezes mais pupas nesse tipo de depósito no 

segundo inquérito de campo quando em comparação com o primeiro quando as caixas 

d’água ainda estavam destampadas (Maciel-de-Freitas et al. 2010 – Artigo 6). Somente 
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após tamparmos as caixas d’água (o criadouro mais produtivo no primeiro inquérito) 

com telas de nylon e os tonéis (que passou a ser o mais produtivo no segundo inquérito), 

é que a densidade de Ae. aegypti passou a variar em níveis menores que os observados 

até então, por vezes variando no mesmo nível que visto na área controle. Um terceiro 

inquérito de campo mostrou nova tendência de aumento na produtividade dos demais 

criadouros, sugerindo que o comportamento de oviposição em saltos continue a 

influenciar a dinâmica de infestação em Tubiacanga. 

Após a primeira intervenção, a densidade de mosquitos adultos retorna a níveis 

semelhantes ao observado antes de cobrir as caixas d’água. É de especial interesse 

observar que o número médio de pupas por criadouro não diminuiu após a eliminação 

das caixas d’água, mas somente após a eliminação dos tonéis, após o segundo inquérito 

de campo. Esse dado nos sugere que a eliminação dos depósitos positivos pode alterar o 

local de oviposição das fêmeas (evidenciado pela maior produtividade dos demais tipos 

de criadouro nos subseqüentes inquéritos), sem reduzir, ao menos em um primeiro 

momento, sua densidade populacional na fase adulta (evidenciada pela Fig. 4 de Maciel-

de-Freitas et al. 2010 – Artigo 6). A menor média de pupas no terceiro inquérito em 

comparação com o segundo sugere que o mosquito é capaz de dispersar seus ovos em 

um grande número de criadouros, tendo assim um menor número de pupa por criadouro. 

A principal conseqüência desse comportamento é a redução observada também na 

densidade da população adulta, o que ocorreu somente a partir do segundo inquérito. Ao 

analisar os dados com critério, podemos nos perguntar por que observamos algum tipo 

de impacto na densidade do mosquito somente após o segundo inquérito, teoricamente 

menos drástico que a primeira intervenção (Na primeira intervenção foram cobertas 

com nylon 733 caixas d’água, enquanto que na segunda intervenção foram cobertos 

“apenas” 74 tonéis). Foi mostrado anteriormente que grandes criadouros utilizados para 
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armazenamento de água, como caixas d’água e tonéis, são os mais produtivos em 

Tubiacanga (Maciel-de-Freitas et al. 2007, 2009 – Artigo 3). Logo, sob um ponto de 

vista funcional, caixas d’água e tonéis apresentam muita semelhança entre si. Talvez por 

isso o efeito isolado das caixas d’água tenha sido pouco significativo, mas o efeito 

acumulado da eliminação de caixas d’água e tonéis possa ter produzido o impacto 

observado na densidade de mosquito adulto e na média de pupa por criadouro 

presenciado em Tubiacanga. 

De um modo geral, a estratégia de eliminar o criadouro mais produtivo teve  

impacto significativo na densidade de Ae. aegypti no período avaliado, uma vez que 

houve tendência de queda ao longo do estudo. Quando comparados os dados obtidos em 

Tubiacanga com os do Valqueire (área controle), podemos observar o impacto positivo 

da eliminação dos criadouros mais produtivos, uma vez que no Valqueire há uma clara 

tendência de aumento da densidade em função do tempo (Fig. 4 de Maciel-de-Freitas et 

al. 2010 – Artigo 6). 

Alguns aspectos devem ser ressaltados ao analisarmos somente os resultados dos 

índices de infestação obtidos durante os inquéritos de campo em Tubiacanga. 

Resultados conflitantes foram encontrados dependendo do índice de infestação 

considerado. Por exemplo, de acordo com o índice predial (IP) e índice de Breteau (IB), 

teria havido uma redução da infestação no segundo inquérito de campo seguido de forte 

aumento na população do vetor no terceiro inquérito (Maciel-de-Freitas et al. 2010 – 

Artigo 6). Por outro lado, ao analisarmos os índices de “pupa por pessoa” e “pupa por 

hectare” observamos tendência de queda entre os três inquéritos de campo. Essa 

diferença entre os índices tradicionais e os recentes pode residir na eliminação dos 

criadouros mais produtivos em Tubiacanga – caixas d’água e tonéis (Maciel-de-Freitas 

et al. 2007, 2010 – Artigo 6). Ao eliminarmos os grandes depósitos, perenes e 
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produtivos, restam aos mosquitos aqueles com característica mais temporária e 

intermitente, como pratos e vasos de planta. Em uma população, teríamos uma contínua 

formação de larvas, sendo que poucas delas chegariam à fase de pupa, contribuindo 

assim, para essa diferença observada entre os índices de infestação tradicionais e 

recentes (Southwood et al. 1972, Focks et al. 1981, Tun-Lin et al. 1995a, Focks e 

Chadee 1997). Uma vez que índices elaborados recentemente possuem maior correlação 

com a densidade de mosquitos adultos e transmissão do dengue numa dada área, 

provavelmente os índices de pupa por pessoa e pupa por hectare retratam de forma mais 

acurada o cenário observado em Tubiacanga (Focks et al. 2000, Schneider et al. 2004, 

Morrison et al. 2004, Barrera et al. 2006, Barrera 2009). De fato, analisando o 

comportamento da curva de densidade de mosquitos coletados por semana, podemos 

observar que a variação anual dos índices pupa por pessoa e pupa por hectare entre os 

três inquéritos de campo em Tubiacanga foi similar ao das capturas semanais, ou seja, 

apresentou tendência de queda em função do tempo. Se assumirmos que os índices 

recentes apresentam maior correlação com a população de mosquitos adultos, a sua 

utilização pelos serviços de saúde deveriam ser encorajadas, padronizando os esforços 

de controle e quiçá aumentando sua eficiência. 

A densidade de mosquitos adultos em Tubiacanga não variou de acordo com o 

visto para os índices pupa/pessoa e pupa/hectare, que apresentaram significativa queda 

entre o primeiro e o terceiro inquéritos (Maciel-de-Freitas et al. 2010 – Artigo 6). Esse 

fato pode ser explicado a partir de duas hipóteses. Primeiramente, é possível que 

pupa/pessoa e pupa/hectare tenham maior robustez e confiabilidade que índices 

tradicionais (Tun-Lin et al. 1996), mas sua variação pode não ser plenamente idêntica a 

da população de fêmeas adultas, gerando eventualmente algumas inconformidades. 

Outra possibilidade é que Tubiacanga pode não ser tão isolada como assumido por nós 
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(Maciel-de-Freitas et al. 2007a, 2007b, 2009 – Artigo 3, Honório et al. 2009). Apesar da 

capacidade de vôo de Ae. aegypti ser considerada baixa, mosquitos podem se deslocar 

passivamente por grandes distâncias em associação com seres humanos, diminuindo o 

isolamento reprodutivo e a estruturação genética de determinadas populações 

(Harrington et al. 2005, Merril et al. 2005, Bosio et al. 2005, Scarpassa et al. 2008). 

Possivelmente, apesar da intensa intervenção realizada em Tubiacanga, a entrada de 

fêmeas imigrantes adicionaria à população novos mosquitos, comprometendo a correta 

interpretação dos resultados. Nesse momento, não temos ferramentas para excluir ou 

corroborar qualquer uma das duas hipóteses apresentadas, embora a primeira hipótese, 

em que pese a confiabilidade dos índices recentes, pareça ser mais provável. 

No Amorim, outra abordagem foi avaliada, focando as intervenções na eliminação 

de todos os tipos de criadouros observados em casas positivas. Antes, uma avaliação da 

importância epidemiológica de casas positivas e casas-chave (estas com três ou mais 

criadouros positivos) foi conduzida em Tubiacanga e no Amorim (Maciel-de-Freitas et 

al. 2008 – Artigo 7). De um modo geral, casas-chave são freqüentemente encontradas 

em áreas endêmicas para o dengue, são mais produtivas que casas positivas (com apenas 

um ou dois depósitos positivos) e apresentam congruência com a distribuição espacial 

de fêmeas adultas de Ae. aegypti (Maciel-de-Freitas et al. 2008 – Artigo 7). Contudo, 

foi observada alta densidade de fêmeas adultas em alguns pontos de Tubiacanga e 

Amorim onde não se havia sequer identificado uma casa-chave nas imediações, mas 

somente casas positivas. Assim, ou uma casa muito produtiva (possivelmente podendo 

ser classificada como chave) não foi inspecionada, ou as casas positivas, apesar da 

menor produtividade, também têm papel importante na distribuição espacial de fêmeas 

de Ae. aegypti (Maciel-de-Freitas et al. 2008 – Artigo 7). Em busca de compreender 

melhor o papel de casas positivas na dinâmica populacional de Ae. aegypti, realizamos a 
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eliminação de todos os tipos de criadouro das casas que, a cada inquérito de campo, 

apresentaram ao menos um depósito positivo (Maciel-de-Freitas et al. 2010 – Artigo 6). 

Diferentemente do observado em Tubiacanga, a linha de tendência do monitoramento 

semanal dos mosquitos adultos no Amorim apresentou um comportamento quase 

paralelo ao eixo da abscissa (tempo), sugerindo ineficácia da intervenção em questão ao 

longo do tempo. Contudo, também variou de forma distinta ao bairro controle, que 

apresentou tendência de aumento em função do tempo. A eliminação dos criadouros 

mais produtivos, feita em Tubiacanga, ou a supressão das casas positivas, feita no 

Amorim, teve efeitos distintos, a princípio porque a duração de seu impacto parece ter 

sido diferente: efeito limitado, mas de médio-longo prazo em Tubiacanga, e limitado e 

curto no Amorim, uma vez que o patamar populacional de Ae. aegypti não variou 

durante o estudo. 

No primeiro inquérito de campo foram observadas 32 casas positivas no Amorim. 

No segundo, observamos outras 38 residências positivas. Interessante salientar que as 

38 casas positivas no segundo inquérito foram negativas três meses antes, na realização 

do primeiro inquérito de campo. Assim como o Ae. aegypti pareceu se adaptar 

rapidamente a um ambiente sem disponibilidade dos criadouros mais produtivos como 

sugerimos ter acontecido em Tubiacanga, as fêmeas também foram capazes de se 

adaptar ao ambiente apresentado no Amorim pós-intervenções, procurando novas casas 

para realizar a postura de seus ovos. A principal conseqüência da intervenção no 

Amorim (eliminação de todos os tipos de criadouros nas casas positivas) é a alteração 

no agrupamento e no padrão de distribuição espacial das casas positivas em um espaço 

de três meses (Maciel-de-Freitas et al. 2010 – Artigo 6). Em estudo prévio, (Maciel-de-

Freitas et al. 2008 – Artigo 7) foram conduzidos dois inquéritos de campo no Amorim: 

o primeiro na estação seca e o seguinte na estação chuvosa, ou seja, aproximadamente 
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4-5 meses depois. Foram observadas 45 e 81 casas positivas no Amorim na estação seca 

e chuvosa, respectivamente. Contudo, apenas 11% (n=9) das casas positivas na estação 

chuvosa também foram positivas na estação seca. A manutenção do status “casa 

positiva” pode ter acontecido devido ao fato de que em Maciel-de-Freitas et al. 2008 – 

Artigo 7) não houve eliminação ou destruição de criadouros durante a pesquisa larvária, 

como em Maciel-de-Freitas et al. 2010- Artigo 6), apenas coleta dos imaturos e 

orientação do morador quanto a existência de focos em seu imóvel. Assim, apesar de ter 

sido removido grande quantidade de imaturos, mosquitos adultos continuariam tendo os 

mesmos depósitos disponíveis para oviposição, favorecendo o encontro de imaturos na 

mesma casa mesmo em intervalos de meses entre inquéritos de campo. 

Na literatura científica, são conhecidos diversos casos onde a infecção por um 

parasita pode alterar o comportamento do hospedeiro (Libersat et al. 2009). Parasitas 

podem alterar o padrão de locomoção, forrageio e reprodução, apenas para citar alguns 

(consultar Thomas et al. 2005 para uma revisão com diversos exemplos). Apesar de 

haver uma série de exemplos envolvendo diversos sistemas parasito/hospedeiro, pouco 

se sabe sobre a relação e a interação entre mosquitos e seus agentes infecciosos naturais, 

como arbovírus e protozoários. Até o momento, maioria absoluta dos dados envolvendo 

mosquitos como hospedeiros tem sido construído tendo plasmódios ou microsporídeos 

como parasitos. Apesar de sua importância global em saúde pública, muito pouco se 

sabe sobre o impacto da infecção pelo vírus dengue na biologia e comportamento de Ae. 

aegypti. Em busca de obter maior conhecimento nesse campo pouco estudado da 

entomologia médica, realizamos infecções experimentais com vírus dengue em duas 

diferentes populações de Ae. aegypti: uma de campo, originária do bairro do Cajú, local 

com maior prevalência de dengue na última epidemia (no ano de 2008), e uma outra 

mantida em laboratório há pelo menos 25 anos, com comprovada alta susceptibilidade 
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ao vírus dengue (cepa Paea: Vazeille et al. 1999, Maciel-de-Freitas et al. 2010 – Artigo 

8). Avaliamos a longevidade e a fecundidade de fêmeas infectadas e controle (nunca 

expostas ao vírus). Na análise dos resultados, um terceiro grupo se apresentou – fêmeas 

que se alimentaram de sangue infectado, mas que foram negativas nos ensaios 

moleculares a que foram submetidas para a presença de fragmentos de RNA do vírus. 

Observamos que a infecção pelo vírus dengue apresentou um impacto negativo 

tanto na fecundidade quanto na longevidade de Ae. aegypti, importantes parâmetros na 

dinâmica de transmissão e manutenção do vírus dengue na natureza (Dye 1990, Focks et 

al. 1995, 2000). Perdas no fitness do vetor devido à infecção por arbovírus já foram 

detectadas em Ae. triseriatus e vírus La Crosse (Grimstad et al. 1980), Culiseta 

melanura e encefalite eqüina do leste (Scott e Lorenz 1998) e Culex tarsalis e encefalite 

eqüina do oeste (Lee et al. 2000), para citar algumas. Após reunir dados disponíveis na 

literatura relacionando a sobrevivência e longevidade de artrópodes infectados com 

arbovírus, Lambrechts e Scott (2009) mostraram que estes vírus reduzem a sobrevida de 

mosquitos adultos. Contudo, a magnitude do efeito depende do sistema mosquito/vírus 

em questão e do modo de infecção, se horizontal ou vertical (Lambrechts e Scott 2009). 

Na meta-análise realizada em Lambrechts e Scott (2009) foram analisados 4 familias de 

arbovírus, 5 gêneros de insetos e 3 meios de infecção, com suas possíveis combinações. 

Especificamente para Ae. aegypti/vírus dengue, pode-se observar que flavivírus podem 

ou não aumentar a mortalidade do vetor, ao passo que mosquitos do gênero Aedes em 

média não apresentam aumento da mortalidade com a infecção (Lambrechts e Scott 

2009). Nossos resultados mostraram que indivíduos (das populações Cajú e Paea) 

expostos ao vírus dengue apresentaram mortalidade significativamente maior que os do 

grupo controle, mostrando que a infecção pode ter conseqüências negativas para o vetor 

(Maciel-de-Freitas et al. 2010 – Artigo 8). Como Lambrechts e Scott (2009) mostraram, 
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o meio de transmissão pode influenciar a mortalidade do vetor induzida pelo vírus. O 

conhecimento teórico sugere que o nível ótimo de virulência, quando há maximização 

da transmissão do patógeno sem perda no fitness do hospedeiro, depende da freqüência 

relativa de transmissão vertical e horizontal, sendo que maior mortalidade geralmente 

está associada a transmissões horizontais (Ebert e Herre 1996). Uma das possíveis 

causas da mortalidade induzida pelo vírus dengue em Ae. aegypti pode ser o próprio 

meio de infecção, que em nosso estudo foi horizontal (Maciel-de-Freitas et al. 2010 – 

Artigo 8). 

Um aspecto relevante de nosso estudo mostra que houve mortalidade maior entre 

os indivíduos expostos, mas negativos, em comparação com os infectados, 

especialmente na primeira quinzena de observação. Algumas hipóteses podem ser 

levantadas para explicar esse resultado. Acreditamos que a hipótese mais provável 

esteja relacionada ao custo enérgico associado à formação de uma resposta imune ao 

vírus. Para outros sistemas, foi observado que uma resposta imunológica forte pode 

eliminar o patógeno do corpo do hospedeiro, mas também pode gerar redução 

significativa de fitness do hospedeiro (Schmid-Hempel 2003, 2005), como em sua 

fecundidade (Yan et al. 1997), tempo de desenvolvimento (Ferdig et al. 1993) ou 

sobrevivência (Moret e Schmid-Hempel 2000), por exemplo. Tradicionalmente, a 

presença de barreiras no intestino médio do vetor tem sido apontada como a maneira 

mais eficiente que os mosquitos utilizam para evitar a disseminação viral, sendo essa 

característica provavelmente determinada gerneticamente (Gubler e Kuno 1997). 

Contudo, no sistema Ae. aegypti/vírus dengue, evidências recentes têm sugerido que a 

infecção pode ser modulada através da produção de moléculas que inibem a replicação 

viral, como a produção de small interferring RNA (siRNA), que degradam mRNA viral 

(Sparks et al. 2008, Sánchez-Vargas et al. 2009). Assim, a razão para maior mortalidade 
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inicial dos indivíduos expostos, mas negativos, pode ter sido resultado da ativação do 

sistema imune de alguns indivíduos. Por que somente alguns indivíduos dentre os 

infectados foi negativo, se todos, embora com algumas diferenças individuais inatas, 

gerariam uma resposta imune? Em caso positivo, por que só alguns morrem após 

infecção? Sendo assim, a busca por essas respostas poderá ser tema para futuras 

investigações. 

Outra hipótese que poderia explicar a ocorrência de indivíduos expostos ao vírus, 

mas que se revelaram negativos à infecção através do método usado, pode ser o tempo 

passado entre a morte do indivíduo e o seu congelamento a -80°C para posterior análise 

via qRT-PCR. Uma vez que não sabemos quanto tempo cada indivíduo ficou exposto à 

temperatura ambiente após sua morte, é provável que o RNA viral tenha se degradado a 

taxas desconhecidas (Bangs et al. 2001, 2007). Em um estudo conduzido na temperatura 

e umidade relativa própria de um insetário (27 ± 2°C), verificamos perda de 

aproximadamente 30% de indivíduos infectados seis horas após a morte dos mosquitos 

(Maciel-de-Freitas et al. 2010 – Anexo II). Desta forma, a degradação do RNA viral em 

mosquitos mortos mantidos à temperatura ambiente (27 ± 2°C) pode ter favorecido, 

isolada ou conjuntamente com a formação de uma resposta imune, a ocorrência do 

grupo classificado como exposto ao vírus, mas negativo (Maciel-de-Freitas et al. 2010 – 

Artigo 8). 

A fecundidade de fêmeas de Ae. aegypti infectadas com o vírus dengue foi menor 

que a das fêmeas controle, mas somente a partir da terceira desova. Já foi observado 

efeito negativo na fecundidade de dípteros infectados por outros arbovírus, sugerindo 

que as conclusões alcançadas por Lambrechts e Scott (2009) (a magnitude dos efeitos 

da infecção na sobrevivência depende da família do vírus, do gênero do mosquito e do 

meio de transmissão) possam ser aplicadas para a fecundidade dos mosquitos infectados 
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com vírus dengue (Scott e Lorenz 1998, Joshi et al. 2002, Mahmood et al. 2004, Styer et 

al. 2007). Observamos que o sucesso de oviposição (se houve influência das variáveis 

testadas na postura de ao menos um ovo por desova por fêmea) caiu mais rapidamente 

com a idade em fêmeas expostas (infectadas e negativas) do que em fêmeas do grupo 

controle, mas somente se estas fossem pequenas. Tais resultados sugerem que fêmeas 

com tamanho distinto podem interagir de maneira diferente com o vírus dengue, como 

mostrado anteriormente por outros autores (Alto et al. 2005, 2008a, 2008b). Uma vez 

que fêmeas infectadas apresentaram forte impacto negativo em seu fitness, perguntas 

interessantes vão surgindo e merecem ser mais estudadas, como, por exemplo, a 

interação entre esta variável (infecção por arbovírus) com demais parâmetros da 

biologia de Ae. aegypti, como tamanho, longevidade, taxa de picada e partição 

energética.  

Se adotarmos um ponto de vista crítico a respeito da eficácia do controle do 

dengue no Brasil, provavelmente teríamos que reconhecer que, apesar do investimento 

em formação de massa crítica (com a transmissão de conceitos corretos para a 

população e o aprendizado específico de entomologia para agentes de endemias e 

gestores em saúde pública), veiculação de campanhas publicitárias em diversos meios 

de comunicação, recursos financeiros para compra de material e produtos, ainda temos 

graves epidemias de dengue no Brasil e no mundo. Desde o início do século XX, 

quando se buscava reduzir a transmissão de febre amarela, também veiculada pelo Ae. 

aegypti, o controle deste mosquito é feito primariamente através da eliminação de seus 

potenciais sítios de oviposição (Peryassu 1908, Lourenço-de-Oliveira 2008) 

Atualmente, apesar de alguns incrementos, o PNCD, no que se refere ao controle do 

vetor, ainda utiliza a busca e eliminação de criadouros como ferramenta mais 

importante para redução populacional do mosquito. Por conta disso, muitos grupos têm 
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proposto estratégias alternativas de controle do Ae. aegypti, podendo fazer uso de 

imagens de satélite, ferramentas espaciais e participação da comunidade, para citar 

algumas. 

Uma abordagem utilizada com crescente freqüência é a criação e o emprego de 

um Sistema de Informação Geográfica (SIG) para direcionar e intensificar atividades de 

controle onde houver maior necessidade, isto é, onde forem detectados maior incidência 

de imaturos, adultos, ou até mesmo casos de dengue. Um SIG é um sistema de 

informação espacial que permite e facilita a análise, gestão ou representação gráfica do 

espaço e dos fenômenos que nele ocorrem temporalmente (Thomson e Connor 2000) 

Costuma-se apontar o trabalho desenvolvido pelo pesquisador britânico John Snow em 

1854 para situar a fonte causadora de um surto de cólera como sendo o primeiro a usar 

um SIG para solucionar um problema de saúde pública. Para gerar uma informação 

visual, é possível utilizar fotografias aéreas e fazer um monitoramento remoto de 

macro-criadouros (Moloney et al. 1998). Recentemente foi avaliado o papel do software 

gratuito Google Earth® como ferramenta de monitoramento do mosquito Ae. aegypti 

em áreas urbanas da Nicarágua (Lozano-Fuentes et al 2008, Chang et al. 2009). De 

acordo com os autores, o uso das imagens do programa possibilitou priorizar atividades 

de controle nas áreas classificadas como de maior risco, ou seja, aquelas que 

apresentavam maior densidade de criadouros (Chang et al. 2009). Em um artigo recente 

foi discutido como se coletar informações geográficas, elaborar um SIG e criar um 

sistema de tomada de decisões baseado nos resultados de estatísticas espaciais que 

apontariam lugares com maior risco de transmissão do dengue (Eisen e Lozano-Fuentes 

2009). Entretanto, antes da aplicação de SIGs para o monitoramento ou controle de 

arboviroses, é necessária capacitação técnica dos gestores e dos agentes em saúde, 

tomadores de decisões no controle do dengue, em assuntos diversos como análises 
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espaciais, operacionalização de softwares específicos, epidemiologia e entomologia, 

para citar alguns. 

De acordo com Soper (1965), uma atividade de controle de Ae. aegypti estaria 

fadada ao fracasso no longo-prazo se não angariasse apoio da comunidade. Uma 

estratégia verticalizada, com aspecto militar, onde o Governo seria o único responsável 

pelo controle teria maior impacto no curto prazo, mas não se auto-sustentaria. Por outro 

lado, a participação da comunidade nas atividades de controle seria responsável por 

aumentar a probabilidade de sucesso em longo prazo (Soper 1965, recentemente 

mostrado também por Toledo et al. 2008). Não existe consenso sobre a eficiência de 

convocar a experiência dos moradores das comunidades e bairros em atividades de 

controle do Ae. aegypti. Por um lado, alguns autores reportam que a inclusão da 

comunidade pode ser viável, desde que seja um processo de contínuo aprendizado social 

e implique numa transferência de poder, decisão e responsabilidades do governo para a 

população (Pérez et al. 2007). A partir de uma pesquisa de campo conduzida em Cuba, 

foi demonstrado que houve queda significativa em parâmetros tais como quantidade de 

criadouros com água acumulada e níveis de infestação após a adoção de um plano para 

promover mudanças comportamentais na população humana (Toledo et al. 2007). 

Contudo, alguns autores e gestores acreditam que não existe embasamento científico 

que comprove a eficiência da participação da população no controle do vetor Ae. 

aegypti. Com efeito, a erradicação do Anopheles gambiae e, posteriormente, do Ae. 

aegypti do Brasil ambas no século XX, foram devidas à ações verticalizadas, sem a 

participação da população (Soper 1965). A partir de um intenso levantamento 

bibliográfico, Heintze et al. (2007) alegaram não haver evidências que suportem a 

crença que programas de controle baseados na participação da população humana, se 

feita sozinha ou se adotada em conjunto com outra estratégia, possam maximizar a 
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eficiência da atividade de controle. Talvez essa abordagem possa funcionar bem apenas 

em determinadas regiões de uma grande cidade. Considerando o Rio de Janeiro, seria 

mais provável ter sucesso com uma abordagem educativo-social na Urca, onde os 

criadouros mais produtivos são ralos e potes, que podem ser facilmente telados ou 

descartados (David et al. 2009 – Artigo 2), do que em Tubiacanga e Amorim, onde os 

criadouros mais produtivos são caixas d’água e tonéis, usados rotineiramente para o 

abastecimento e consumo dos moradores. Uma vez que envolver a população nas 

atividades de controle representa menor custo para o sistema de saúde do que a 

metodologia tradicional, seria interessante investir mais tempo e recurso na adoção de 

diferentes estratégias de controle do vetor (Baly et al. 2007). Atualmente, o único 

consenso que parece existir é que um controle de vetores para ser bem sucedido, 

eficiente e viável, deve integrar institutos de pesquisa, gestores governamentais, 

cientistas e líderes comunitários, cada qual contribuindo com sua competência para o 

programa de controle de vetores (Lourenço-de-Oliveira 2008, Lambrechts et al. 2009). 

Entretanto, um obstáculo significativo pode inibir a adoção de uma estratégia que faça 

uso da participação da comunidade: a vontade da própria população em fazer parte deste 

processo. Ao negar o acesso dos agentes de endemias nas suas casas para realizar 

inquéritos de campo, procura por imaturos ou por adultos marcados, os moradores 

geram grande taxa de pendência (taxa que representa a não visitação de imóveis num 

dado bairro), comprometendo a qualidade do trabalho de rotina de controle, do 

monitoramento de infestação ou de pesquisa em questão. Ao realizar pesquisas de 

campo no Rio de Janeiro, pudemos observar que a aceitação dos moradores para a 

entrada dos agentes de endemias é sazonal e dependente do poder aquisitivo na área 

trabalhada. Como sazonal, queremos dizer que no verão a taxa de recusa é menor. A 

relação entre poder aquisitivo e a baixa aceitação dos moradores para a entrada dos 
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agentes é geralmente fruto da desconfiança e medo da violência urbana. Em áreas de 

comunidades carentes economicamente, os moradores ficam desconfiados da boa 

iniciativa dos agentes, uma vez que estão acostumados, há anos, com desamparo e 

abandono de serviços urbanos essenciais como coleta de lixo, iluminação pública e 

distribuição de água potável. O resultado é o mesmo, apenas os motivos que diferem. 

Assim, para fazer uso de uma estratégia de controle que envolva a comunidade, é 

necessário realizarem-se campanhas de re-educação persistentes, focadas no longo-

prazo e que sejam capazes de identificar as peculiaridades de cada bairro em uma cidade 

tão heterogênea quanto o Rio de Janeiro. 
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6. CONCLUSÕES 

 

A biologia do Aedes aegypti pode variar significativamente entre áreas urbanas 

próximas, dependendo da densidade humana e de sítios de oviposição no espaço e no 

tempo, infra-estrutura urbana e hábitos humanos, por exemplo. A dispersão de Ae. 

aegypti mostrou-se intensa em áreas sem barreiras geográficas, com mosquitos sendo 

encontrados com maior intensidade em áreas com maior abundância de recursos 

(hospedeiros e criadouros) e mais intensa em fêmeas menores. Por outro lado, de um 

modo geral, a sobrevivência variou de acordo com o adensamento humano nos bairros: 

onde havia maior densidade, maior sobrevivência diária foi observada. Tais dados 

sugerem que há maior risco de epidemia de dengue em áreas com maior concentração 

populacional, não somente pelo maior número absoluto de hospedeiros, mas também 

pelas características observadas na biologia do vetor. Para a redução da transmissão, 

devem ser realizadas atividades de controle específicas e eficientes. Uma dessas 

possibilidades é a eliminação dos criadouros mais produtivos, uma vez que essa dedida 

mostrou-se eficaz na redução da população de mosquitos adultos. Contudo, muitos dos 

parâmetros da biologia do Ae. aegypti, como dispersão, sobrevivência, taxa de picada e 

concordância gonotrófica, podem variar se a fêmea encontra-se infectada pelo vírus 

dengue. Observamos que a infecção pelo vírus pode ter um impacto negativo na 

longevidade, sobrevivência e fecundidade de Ae. aegypti, embora o significado dessa 

perda no fitness dos indivíduos infectados na dinâmica de transmissão do dengue ainda 

permanece desconhecida.  

Decerto, estas variações na biologia do vetor têm impacto na intensidade de 

transmissão do dengue. Em uma cidade heterogênea como o Rio de Janeiro, onde 

ambientes nobres e carentes por vezes se confundem espacialmente (Como diz a 
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sabedoria popular: No Rio, tamo (sic) junto e misturado), é formado um mosaico 

urbano. Um mosaico de biologia do vetor. Um mosaico de transmissão do dengue. Um 

passo importante no controle do dengue seria compreender melhor como varia a 

biologia do Ae. aegypti frente esses diversos possíveis cenários, de modo a adotar 

estratégias de controle mais direcionadas e focadas para cada situação. Os resultados 

presentes nessa tese apontam para essa necessidade e podem constituir um primeiro 

passo para a aplicação de investigações mais detalhadas no Rio de Janeiro para 

responder a perguntas sobre a biologia do mosquito vetor Ae. aegypti. 
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Mosquito traps designed to capture Aedes aegypti (Diptera: Culicidae) 
females: preliminary comparison of Adultrap, MosquiTRAP and  
backpack aspirator efficiency in a dengue-endemic area of Brazil

Rafael Maciel-de-Freitas/+, Roberto Costa Peres, Fernando Alves1, Mauro Blanco Brandolini1

Laboratório de Transmissores de Hematozoários, Instituto Oswaldo Cruz-Fiocruz, Av. Brasil 4365, 21045-900 Rio de Janeiro, RJ, Brasil 
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In this report, the efficiency of Adultrap under field conditions is compared to a CDC backpack aspirator and to 
MosquiTRAP. An urban dengue-endemic area of Rio de Janeiro was selected to evaluate the efficiency of mosquito 
traps in capturing Aedes aegypti females. Adultrap and aspirator captured similar numbers of Ae. aegypti females, 
with the former showing high specificity to gravid individuals (93.6%). A subsequent mark-release-recapture ex-
periment was conducted to evaluate Adultrap and MosquiTRAP efficiency concomitantly. With a 6.34% recapture 
rate, MosquiTRAP captured a higher mean number of female Ae. aegypti per trap than Adultrap (χ2 = 14.26; df = 1;  
p < 0,05). However, some MosquiTRAPs (28.12%) contained immature Ae. aegypti after 18 days of exposure in the 
field and could be pointed as an oviposition site for female mosquitoes. Both trapping methods, designed to collect 
gravid Ae. aegypti females, seem to be efficient, reliable and may aid routine Ae. aegypti surveillance.

Key words: dengue - oviposition trap - vector surveillance - container productivity

In Brazil, field monitoring of Aedes aegypti popula-
tions is currently focused on the inspection of sampled 
houses for immature stages 4-6 times per year (Braga et 
al. 2003). However, this method is labor-intensive, not 
very sensitive and subject to both the efficiency and mo-
tivation of the health agent and obtaining the permission 
of the homeowner. Taken together, these drawbacks can 
result in imprecise and low-confidence estimations of 
infestation indices (Focks 2003).

At present, dengue transmission can only be reduced 
or interrupted by controlling its mosquito vector, Ae. ae-
gypti. Several methods for sampling the adult mosquito 
population, such as mosquito traps, have been recently 
developed worldwide (Silver 2008). Different methods 
vary in efficiency and labor required: the BG-Sentinel 
is more efficient in collecting Ae. aegypti females than 
a backpack aspirator, but both methods may be too la-
borious to permit daily mosquito collection in dengue-
endemic areas (Maciel-de-Freitas et al. 2006, Williams 
et al. 2006). In Brazil, major efforts have been directed 
to develop a mosquito trap that will specifically col-
lect gravid Ae. aegypti females. During the last decade, 
two such traps have been produced: Adultrap and Mos-
quiTRAP. Until now, the efficiencies of Adultrap and 
MosquiTRAP have been compared with aspiration and 
other methods, but never with one another in the same 
space and time (Gomes et al. 2007, Gama et al. 2007). 
In addition, little information on Adultrap is available 
in the literature, probably due to its recent development. 
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Received 9 April 2008
Accepted 26 August 2008

Thus, the main objective of this report is to evaluate the 
efficiency of the Adultrap in capturing Ae. aegypti fe-
males, comparing it to both a backpack aspirator and 
MosquiTRAP in field trials in an urban neighborhood 
of Rio de Janeiro.

The field work was performed in a suburban neigh-
borhood of Rio de Janeiro, named Olaria (22°50’29’’S 
43°15’59’’W), which has regular water supply and gar-
bage collection, low vegetation cover and well-defined 
and planned blocks dominated by residential buildings 
(3-4 dorm rooms). Olaria showed a House Index (HI) 
(number of positive houses/ number of inspected houses) 
of 8.8 one month prior to the beginning of experiments. 
In 2007, 212 dengue cases were confirmed in Olaria; 467 
were confirmed from January through the first week of 
July 2008 (SMS 2008).

Adultrap was designed to capture gravid Ae. aegypti 
females during oviposition, using water as its principal 
attractant. Water remains confined in a compartment at 
the bottom of the trap that cannot be reached by trapped 
mosquitoes, avoiding egg laying. A large hole on the top 
is the principal entrance of attracted females, which be-
come trapped in an interior chamber (Gomes et al. 2007). 
In the first stage of evaluations, we compared Adultrap’s 
efficiency and sensitivity to that of a backpack aspirator, 
the gold standard collection method, and tested whether 
Adultraps baited with hay infusion had a higher collec-
tion efficiency than those baited with water alone.

In field trials, 100 houses were randomly selected to 
have an Adultrap installed, 50 traps with only water as 
an attractant and another 50 traps with water plus hay in-
fusion. Trap characteristics such as location, luminosity 
and bait type were recorded daily. One hundred houses 
were selected for aspiration using a CDC backpack as-
pirator (15-20 min per house, in intra- and peri-domestic 
environments), following Maciel-de-Freitas et al. (2006).  
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Fifty of the selected houses had an Adultrap installed 
and 50 had no Adultrap. Of the 50 houses selected for 
aspiration that had an Adultrap installed, 25 had only 
water and 25 had water plus hay infusion. Trap moni-
toring and aspiration was performed daily for 11 days, 
starting on August 22nd 2006. There were no aspiration 
and trap monitoring on days 5, 6 and 7 due to technical 
and personnel limitations; aspiration was not performed 
on day 8 due to intense rain.

The ovaries of collected Ae. aegypti females were 
dissected to evaluate Adultrap’s sensitivity in capturing 
females in a specific physiological state. Ovarian devel-
opment was classified according to Christophers (1911). 
Ovaries in stages I, I-II and II were grouped as initial 
development, stages III and IV grouped as intermediary 
stages and stage V classified as final stage, when females 
would be considered gravid. To evaluate if Adultrap col-
lects all gravid females in a single house, we dissected 
the ovaries of Ae. aegypti captured by aspiration in hous-
es with an Adultrap installed. The ovaries of Ae. aegypti 
collected in houses without Adultrap were also dissected 
to determine if results were the consequence of a natu-
rally higher proportion of gravid females in Olaria dur-
ing field experiments.

Two mosquito species were collected: Ae. aegypti and 
Culex quinquefasciatus (Table, data for Ae. Aegypti only). 
Statistically, Adultrap and aspirator collect similar mean 
numbers of Ae. aegypti females (t  =  0.93; df  = 13; p  =  0.372),  
but the former is more efficient in capturing gravid in-
dividuals (t = 4.26; df = 13; p < 0.05). No significant 
difference was observed between the mean numbers of  
Ae. aegypti females collected in Adultraps set in the peri-
domestic area and inside houses (t  =  0.106; df  =  54; p = 
0.915); set under sunlight or in the shadow (t  =  1.39; df  =  54;  
p  =  0.17), or when baited with water or with both water 
and hay infusion (t  =  1.69; df  =  54; p  =  0.095).

From the 129 Ae. aegypti females collected in the field 
by Adultrap, 125 (96.9%) had their ovaries dissected in the 
laboratory. Of them, 117 (93.6%) were gravid (Fig. 1A). As-
piration in houses where an Adultrap was installed collect-
ed 147 Ae. aegypti females, where 59.86% had ovaries in 
initial development stages (probably host-seeking females), 
28.57% had ovaries in intermediary development stages 
and 11.56% were gravid. These data suggest that Adultrap 
had not collected all gravid females within a house (Fig. 
1B). Aspiration in houses without Adultrap yielded 41 
captured Ae. aegypti females, where 48.78% had ovaries 
in initial development stages, 29.26% had ovaries in inter-
mediary stages and 21.25% were gravid (Fig. 1C).

Fig. 1: variation of the ovarian development stage of Aedes aegypti 
females captured in Adultraps (A), aspirators in houses with Adul-
trap (B) and aspirators in houses without Adultrap (C) per day in the 
neighbor of Olaria, August 22nd - 1st September 2006. There were no 
collections on days 5, 6 and 7 due to technical and personnel limita-
tions and aspiration was not performed on day 8 due to intense rain.

TABLE
Total and mean number of Aedes aegypti captured daily in 
100 houses with an Adultrap and in 100 houses with aspirator 
collections in the neighborhood of Olaria, August 22nd-Sep-
tember 1st 2006. There were no collections on days 5, 6 and 7 
due to technical and personnel limitations and aspiration was 

not performed on day 8 due to intense rain

                                 Adultrap	                         Aspirator

	 Ae. aegypti	 Ae. aegypti	 Ae. aegypti	 Ae. aegypti
Days	 male	 female	 male	 female

1	 1	 17	 34	 21
2	 1	 13	 39	 28
3	 4	 28	 32	 23
4	 2	 30	 32	 17
8	 2	 4	 -	 -
9	 1	 5	 49	 18
10	 2	 14	 33	 7
11	 12	 18	 124	 73

Total	 25	 129	 343	 187

Mean per day	 3.12	   16.12	 49	   26.71



3Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 103(6), September 2008

The number of Ae. aegypti females collected by 
Adultrap did not seem to depend on whether the trap 
was placed in intra- or peridomestic areas, in sunlight 
or shadow, or whether it was baited with hay infusion or 
water alone. However, several other reports have shown 
that mosquito traps are more efficient when installed out-
doors, since Ae. aegypti females generally tend to feed 
inside houses and rest and search for an oviposition site 
in the peridomestic area (Dibo et al. 2005, Maciel-de-
Freitas et al. 2006, Fávaro et al. 2006). In Rio de Janeiro, 
water-holding containers were generally more abundant 
outside houses (Maciel-de-Freitas et al. 2007). There-
fore, it is possible that Adultraps installed indoors expe-
rienced less competition with nearby water containers, 
while outdoor Adultraps had a higher competition with 
the greater number of peridomestic containers. This re-
lationship between Adultrap and water container abun-
dance inside houses vs outdoors probably influenced the 
number of mosquitoes captured by traps in intra- and 
peridomestic areas.

In addition to its efficiency, Adultrap showed a high 
specificity for Ae. aegypti females, with 94% of captured 
individuals found to be gravid. However, the capture of 
additional gravid individuals by aspirators in houses 
where an Adultrap was installed (around 10-20% per day) 
suggests this trap did not capture all gravid females within 
a given house.

Starting on December 4th 2006, a mark, release and 
recapture (MRR) experiment was conducted in Olaria 
to compare Adultrap and MosquiTRAP efficiency un-
der field conditions. MosquiTRAP was also designed to 
collect gravid Ae. aegypti females, but uses a synthetic 
attractant named AtrAedes. MosquiTRAP consists of a 
matte-black container with around 300 ml of water and 
a black adhesive card in its interior to trap mosquitoes. 
The AtrAedes is also glued in the adhesive card. Ae. ae-
gypti females used in MRR trials were derived from a 
laboratory colony that is renewed at least twice a year 
with field collected eggs in Rio de Janeiro. A total of 725 
gravid and sugar-fed females, 6-7 days old, were marked 
with fluorescent dust and released outdoors at 08:00-
09:00 a.m. Recaptures started on the day following re-
lease; mosquitoes were collected three times a week for 
18 days, using 96 Adultraps and 96 MosquiTRAPs (192 
houses sampled per collection day) distributed over an 
area of 3.14Km2. Collected mosquitoes were identified 
and checked for the presence of the fluorescent mark 
with an UV light. The MRR experiment was approved 
by Fiocruz Ethical Committee – CEP/Fiocruz (protocol 
number 11591-2005).

A recapture rate of 6.34% (n = 46) was observed 
with MosquiTRAP and Adultrap capturing 63.04  
(n = 29) and 36.96% (n = 17) of dust-marked mosquitoes, 
respectively. A total of 283 wild Ae. aegypti females were 
captured by MosquiTRAP and 200 by Adultrap. Thus, 
MosquiTRAP had higher capture efficiency than Adul-
trap in capturing wild Ae. aegypti females (χ2  =  14.26;  
df  =  1; p <  0.05). From the 305 analyzed females col-
lected in MosquiTRAPs, 205 (67%) were trapped by the 
legs and 100 by the thorax (33%). 

When the efficiency of Adultrap was compared to 
MosquiTRAP, the latter presented significantly higher 

recapture rates, collecting a higher number of both wild 
and dust-marked Ae. aegypti females. However, despite 
the above differences, Adultrap and MosquiTRAP are 
both efficient and reliable traps for the capture of Ae. ae-
gypti females in field conditions, and may perhaps become 
a new tool for dengue vector monitoring and control.

Finally, to evaluate the possible role of MosquiTRAP 
as an oviposition site a pupal survey was conducted dur-
ing Adultrap and MosquiTRAP removal, after the end 
of the MRR experiment. From the 192 houses where a 
trap was installed, immature Ae. aegypti were discov-
ered in all containers of 157 premises. A total of 378 im-
mature Ae. aegypti (40 pupae and 338 larvae) were col-
lected in 43 positive houses, giving a HI of 27.38 and a 
Breteau Index of 29.93. The most productive containers 
were water tanks, MosquiTRAPs and plastic pots, with 
42.5, 20.0 and 15% of the total pupae collected. Of the 
96 MosquiTRAPs, 27 (28.12%) were positive, contain-
ing 134 larvae and eight pupae after 18 days of exposure. 
Without considering the immature individuals collected 
in MosquiTRAP, the HI would have been 11.46, i.e. a 
decrease of 2.38 times, from 27.38 to 11.46. Interest-
ingly, two MosquiTRAPs had immature Ae. aegypti in 
their interior but no adult females stuck to the glue card. 
Probably, the females had landed in a fraction of the card 
without sufficient glue and were able to lay their eggs 
without becoming trapped.

Overall, container productivity in Olaria was simi-
lar to that previously observed in slum and suburban 
neighborhoods of Rio de Janeiro (Maciel-de-Freitas et 
al. 2007), where containers used for water storage (e.g., 
water tanks) was highly productive. Remarkably, water 
tanks were highly productive in Olaria even with the 
regular piped water distribution in this neighborhood. 
Barrera et al. (1993) points to the role of residents’ habits 
in maintaining infestation levels in some areas, as even 
people considered having an adequate supply of water 
kept numerous water storage containers. Thus, container 
productivity seems to be strongly related to community 
habits of storing water for routine use.

Adultrap seemed to be as efficient as backpack aspi-
rators, but with higher sensitivity towards collecting Ae. 
aegypti gravid females A higher mean number of Ae. 
aegypti females was collected in MosquiTRAP than in 
Adultrap, but the former has the serious disadvantage of 
acting as a breeding site for dengue vectors. Overall, the 
potential of Adultrap and MosquiTRAP in monitoring the 
Ae. aegypti population is promising, but still needs to be 
evaluated through a longer time series and under different 
levels and patterns of infestation.
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The estimation of dengue virus circulation among Aedes aegypti population would 

provide important information to elaborate precise and efficient models to predict 

dengue epidemics. However, field collections based on large-scale trap installation often 

collect dead individuals. Thus, we performed qualitative and quantitative assays to 

evaluate persistence of dengue virus in the bodies of infected mosquitoes from 0 to 72 

hours after their death in room temperature (27 ± 2°C). An overall positivity rate of 

47.5% was observed, with 34 positive samples using a qualitative method (Dengue NS1 

Ag Kit) and 23 by a quantitative reverse transcriptase polymerase chain reaction (qRT-

PCR). Dengue NS1 Ag Kit presented higher efficiency than qRT-PCR, especially 

between 12 and 72 hours after mosquitoes death. The low efficiency of both methods in 

detecting dengue virus in periods of time superior to 48h after mosquito death suggests 

limited application from dried field collected dengue vectors. 

 

 

 

 

It is common sense that human demographic growth and travelling, rapid and 

unplanned urbanization and lack of appropriate services such as urban sanitation and 

garbage collection have a critical impact in dengue disease incidence and spread 

worldwide (Rigau-Pérez et al. 1998; Halstead 2008; David et al. 2009). Since currently 

there is no commercial drug or vaccine available, dengue transmission may only be 

reduced or interrupted by controlling its vector, the mosquito Aedes aegypti. In that 

case, surveillance techniques such as pupal surveys and adult mosquito traps to measure 

insect population density and monitoring viral circulation by serological assays are 

fundamental to develop cost-effective and successful dengue control programs. 
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However, too few is known about dengue virus circulation in Ae. aegypti population in 

endemic areas before, during and after dengue epidemics.  

The collection of field specimens as pupae or adult for searching dengue virus is 

time consuming and extremely laborious, and would probably produce a non-updated 

scenario of dengue virus movement. On the other hand, the use of mosquito traps in a 

long-term strategy may collect damaged or dead individuals, interfering in subsequent 

laboratory assays for detecting dengue virus. A large-scale field work with some 

mosquito traps would be laborious if health agents must have to collect mosquitoes 

every day for virus detection (Maciel-de-Freitas et al. 2006). In fact, health control 

services would benefit if dengue virus detection and even quantification is possible in 

mosquitoes that are dead when field traps are checked twice or three times a week, for 

example. Recently, a dengue antigen-capture enzyme immunoassay (EIA) was used to 

detect dengue virus on desiccated Ae. aegypti with success for DENV-2 and DENV-3 

serotypes (Thenmozhi et al. 2005). The objective of this report is to evaluate detection 

of DENV-2 in Ae. aegypti individuals kept at room temperatures for up to 72h after 

their death by using qualitative and quantitative assays. 

During experiments, we used mosquitoes from the Paea strain, which is reared in 

laboratory cages since 1994. Previous studies have shown that this Ae. aegypti strain is 

high susceptible for dengue viruses (Vazeille-Falcoz et al. 1999). Mosquitoes were 

reared with fish food (Tetramin, Tetra Sales, Blacksburg, VA), according to Consoli 

and Lourenço-de-Oliveira (1994). After mergence, females were kept together with 

males in cages of 45cm3 in order to copulate, at 27 ± 2°C, 65 ± 5% relative humidity 

(RH) and 12-12h light-dark photoperiod and fed with sucrose solution 10% ad libitum 

up to one day before receiving a DENV-2 infectious blood-meal. 
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Dengue virus serotype 2 (DENV-2) strain 16681 was provided by Dr. S. 

Halstead (Naval Medical Research Center, USA). Virus stock was obtained from 4 

passages in Vero cell cultures. Culture monolayers were infected with 10 times diluted 

inoculum without iFCS and incubated at 37°C for 90 minutes.  After 7 days of infection, 

supernatant was centrifuged at 400g for 10 minutes for cellular debri removal. Virus 

stock was stored at -70°C with 30% iFCS. 

Virus was titrated by serial dilution cultures in microtiter plates and detected by 

immunofluorescence as described before (Shoepp and Beaty 1984; Miagostovich et al. 

1993). Virus titer (5,0x106 TCID50/ml) was calculated as 50 percent tissue culture 

infectious dose or TCID50 /ml (Reed and Muench 1938). Later, a mosquito passage was 

performed by inoculating intrathoracically a 0.017 µl of DENV-2 16681. After 14 days, 

survived infected mosquitoes were pooled into 10 individuals and macerated with 

1,0mL of L-15 medium and centrifuged at 400g/18°C. Supernatant was filtered with 

0.22um filters and 1,5mL was inoculated in 25cm² culture flasks with C6/36 cell culture 

monolayers for 90 minutes at 28°C. 

Around 36h before offering Ae. aegypti females a DENV-2 infectious blood meal, 

the sucrose solution was removed and females were separated from males. The virus-

infected cell monolayers were suspended from the flask surface and then 1 ml of this 

suspension was added to 2 ml of washed sheep erythrocytes to prepare the infectious 

blood-meal, which was provided to the mosquitoes using an artificial membrane feeding 

apparatus (Rutledge et al. 1964). Females 6-7 days post-emergence were allowed to 

feed for 25 min in a 37°C infectious blood (with DENV-2 16681) that contained a viral 

titer of 3.6 x 105 PFU equivalent/ml. 

A total of 120 Ae. aegypti females fully fed on the infectious blood meal was 

maintained with a 10% sucrose solution ad libitum. On the 14th day post-infection, 
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mosquitoes were killed by manually shaking cages at room temperature, i.e. without 

freezing. Then, samples of 20 individuals were collected at 0, 6, 12, 24, 48 and 72 hours 

after mosquito death. In 10 individuals of each sampling time, DENV-2 was detected 

using a qualitative assay; in the other half we used a quantitative assay, as described as 

follows.  

Qualitative detection of DENV-2 was performed with the commercial kit Platelia 

Dengue NS1 Ag Kit by BioRad (Hercules, CA). This kit has been routinely used to 

detect dengue virus nonstructural protein NS1 in human patients sera (Dussart et al. 

2009; Hang et al. 2009). Briefly, Platelia TM Dengue NS1 is an one step sandwich 

format microplate enzyme immunoassay that uses murine monoclonal antibodies 

(MAb) for capture and revelation. If NS1 antigen is present in the sample, an immune-

complex Mab – NS1 – Mab/peroxidase will be formed. After using 1N H2SO4 as a 

stopping solution, sample optical density reading was obtained with a 

spectrophotometer set at 450/620 nm and is proportional to the amount of NS1 antigen 

present in the sample. We used the controls proposed in the Dengue NS1 Ag Kit and 

also non-infected females from laboratory colonies as negative controls. For positive 

controls, we used Vero culture cells dilution from 1/250 to 1/2000 dilutions and also 

mosquitoes infected by inoculating intrathoracically 0.017µl DENV-2 strain 16681. 

Samples were classified as positive when their optical density (OD) values were higher 

than the mean + 4 S.D. of the negative controls.   

The number of viral RNA copies in each individual was estimated by a one-step 

real time reverse transcriptase polymerase chain reaction using the ABI Prism® 7000 

Sequence Detection System (SDS)(Applied Biosystems, Foster City, CA). Mosquitoes 

were individually macerated with 100 µl of Leibovitz medium (L-15) and viral RNA 

was extracted using QIAmp Viral RNA Kit (Qiagen Sciences, Maryland, MA). The 
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reaction mixture was prepared using the Taqman® One-Step RT-PCR Master Mix Kit. 

Samples were assayed in a 30 µl reaction mixture containing 8.5 µl of extracted RNA, 

0.63 µl of 40× Multiscribe enzyme plus RNAse inhibitor, 12.5 µl TaqMan 2× Universal 

PCR Master Mix (Applied Biosystems, Foster City, CA) and 300 nM of each specific 

primer and fluorogenic probe. Primer sequences (DV3.U: 5’-AGC ACT GAG GGA 

AGC TGT ACC TCC-3’; DV.L1: 5’-CAT TCC ATT TTC TGG CGT TCT-3’) and 

probe (DV.P1: 5’-CTG TCT CCT CAG CAT CAT TCC AGG CA-3’) were obtained 

from Houng et al. (2001) and designed for the 3’ noncoding sequences (3’NC). The 

TaqMan probe was labeled at the 5’ end with 5-carboxyfluorescein (FAM) reporter dye 

and at the 3’ end with 6-carboxy-N,N,N’ ,N’- tetramethylrhodamine (TAMRA) 

quencher fluorophore. DENV-2 viral stocks and water was set as positive and negative 

controls, respectively, and were included in every assay. The threshold cycle (Ct) 

represents the PCR cycle at which the SDS software first detects a noticeable increase in 

reporter fluorescence above a baseline signal. 

Overall, we detected DENV-2 in 57 (47.5%) mosquitoes: 34 using the qualitative 

method of NS 1 and 23 with the quantitative method of qRT-PCR (Table 1). 

Remarkably, both methods were able to detect dengue virus proteins or RNA in all 

sampling times, but NS 1 presented a slightly higher efficiency that qRT-PCR, 

especially between 12-72h after infected mosquitoes death. The cut-off OD for this 

experiment was 0.093 (mean and SD of negative controls were 0.076 and 0.004, 

respectively). Optical density values presented a tendency to decrease with time, 

especially in mosquitoes from 48 and 72h periods. The OD observed for mosquitoes 

infected by inoculating intrathoracically DENV-2 strain 16681 ranged from 3.267 to 

4.062, values much higher than the overall observed for positive mosquitoes (0.937) 
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(Figure 1). These results evidenced, as expected, the role of insect midgut barriers to 

diminish virus dissemination in mosquito body. 

Antigen-capture enzyme immunoassays (EIA) have been successfully used to 

detect dengue and Japanese encephalitis viruses in field collected or experimentally 

infected mosquitoes (Tewari et al. 1999; Thenmozhi et al. 2000). The same 

methodology has also been used to detect arbovirus proteins in desiccated mosquitoes 

(Tewari et al. 1999; Thenmozhi et al. 2005). The overall success of 56.7% by the 

Dengue NS1 Ag Kit was significantly lower than the 95.2% positivity rate of JEV-

infected Culex tritaeniorhynchus and 96% positive rate of DENV-2 infected Ae. aegypti 

(Tewari et al. 1999; Thenmozhi et al. 2005). However, Thenmozhi et al. (2005) had a 

lower detection efficiency using DENV-1 (32%) and DENV-4 (52%) serotypes in 

mosquitoes stored at room temperatures, indicating that stability of dengue infections in 

dried mosquitoes might vary according to virus serotype. 

The qRT-PCR was able to detect dengue virus RNA in mosquitoes with high 

efficiency up to six hours after death, when 70% of them was positive. Later, the 

positivity rates decreased for 40% 12 and 24h after mosquito death and up to just 10% 

48 and 72h after mosquito death (Table 1). The cycle threshold of positive samples, i.e. 

the amplification cycle when dengue virus RNA was first detected above a baseline 

signal, varied between sampling times, but not in an easily recognized pattern. On the 

other hand, the number of RNA copies presented a clear tendency of decreasing with 

time (Figure 1). These results suggest fast viral RNA degradation under room 

temperature, what would lately transform virus detection more difficult than when 

insects are killed by freezing.  

Detection of dengue virus RNA in Ae. aegypti maintained at room temperature 

was successfully achieved using conventional PCR (Bangs et al. 2001). However, 
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should be clear that several differences between experimental designs turn difficult to 

compare results gathered here with those from Bangs et al. (2001). For instance, those 

authors infected mosquitoes intrathoracically with a frozen stock, killed them by 

freezing and analyzed them frequently as pools. Herein, we tried to simulate a more 

realistic situation, where mosquitoes are often dead inside traps during field 

experiments.  

Previous reports showed that infecting mosquitoes with a DENV-2 from frozen-

thawed virus stocks was more difficult when compared with fresh stocks (Miller et al 

1982). Recently, authors observed that infection rates and insect susceptibility were 

lower for mosquitoes feeding on blood meals containing frozen-thawed compared to 

freshly collected virus (Richards et al. 2007). It has been hypothesized that the low 

infectivity in frozen-thawed virus may be due to structural changes in virions due to 

freezing, what may inhibit subsequent binding to mosquito cells (Miller 1987; Richards 

et al. 2007). 

This report shows that both qualitative and quantitative assays are efficient for 

detecting dengue virus in dried insects if time elapsed since mosquito death is not 

superior to six hours. If mosquitoes are dead for periods longer than six hours, higher 

efficiency would be obtained if a qualitative assay, such as the Dengue NS1 Ag Kit, be 

used instead of a quantitative analysis. These results indicates that, unless performing 

daily field collections in mosquito traps in large-scales experiments is laborious, 

logistic-hard and low cost-effective, it is still the best way to know the infectivity status 

of wild vector population, an important parameter to be estimated especially before 

dengue epidemics (Maciel-de-Freitas et al. 2006, 2007, 2008). 

 



Table 1. Number of Ae. aegypti females positive, equivocal, and ranges of optical density, cycle threshold and RNA copies in qualitative 

and quantitative assays for detecting DENV-2 in mosquitoes dead and maintained at room temperatures. 

 

Qualitative DENV-2 detection  
(NS1) 

Quantitative DENV-2 detection  
(qRT-PCR) 

Positives (%) Optical density range Positives (%) Cycle threshold range RNA copies range 
6 (60) 0.101 – 2.874 6 (60) 38.05 – 42.98 2278.06 – 14112.42 
7 (70) 0.116 – 3.58 7 (70) 36.78 – 43.87 1641.77 – 22576.03 
6 (60) 0.101 – 3.003 4 (40) 37.99 – 44.36 1367.33 – 14413.18 
7 (60) 0.111 – 3.92 4 (40) 39.12 – 43.64 1946.2 – 9519.86 
4 (40) 0.099 – 0.876 1 (10) 42.83 2410.76 
4 (40) 0.156 – 1.071 1 (10) 40.36 6525.18 

34 (56.7) – 23 (38.3) – – 
 

 

 

 



Figure 1: Results of q RT-PCR of DENV-2 infected Ae. aegypti females showing the mean 

of cycle threshold (bars) and number of RNA copies (line) per sampling time. 
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