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Resumo

A presente dissertacdo engloba seis estudos que enfocam os fatores socioambientais que
influenciam a vulnerabilidade local & dengue. Métodos estatisticos foram aplicados para
analisar por um periodo de 14 anos (1999-2013), com destaque para 2008 e 2009, a
incidéncia cumulativa de todos os casos de dengue registrados na populacédo de Coronel
Fabriciano, Minas Gerais, Brasil. Dados socioecondmicos e sociodemograficos, e
variaveis, tais como, tamanho da populacéo, educacéo, ocupacéo, riqueza e as condi¢des
de vida, complementaram a coleta de dados. Estes foram mapeados por incidéncia de
dengue para comparar o padrdo espacial global da doenca por meio de ferramentas de
analise espacial. Os resultados deste estudo mostram que a expansdo urbana pode
exercer um efeito sobre as taxas de dengue na regido, de modo que aqueles locais com
crescimento recente e desordenado, sem ainda condicdes ideais de infraestrutura urbana,
podem se tornar hotspots de distribuicdo de casos, aumentando assim o risco de novas
epidemias. Os regimes pluviométricos e de temperatura da regido podem determinar o
risco de dengue uma vez que as chuvas propiciam condi¢fes ideais para a formacéo de
criadouros para 0 mosquito vetor Aedes aegypti. Os resultados mostram que existe um
periodo de tempo 6timo até a aparecimento da epidemia, dado que a chuva e a
temperatura influenciam diretamente o periodo de incubacéo intrinseca e extrinseca do
virus da dengue. As epidemias de dengue verificadas ao longo dos anos se fazem de
modo exponencial, com um grande aumento no nimero de casos em um breve periodo
de tempo. Esse crescimento pode influenciar a forca de infeccdo da doenca, ou seja, a
taxa com que o virus é passado das pessoas susceptiveis para o vetor, e novamente para
a populacdo susceptivel, sustentando assim a epidemia. Os dados sugerem o efeito de
variaveis socioecondmicas sobre as taxas de incidéncia de dengue e sua distribuicdo no
espaco, além de encontrar relagdes com aqueles locais que experimentou aumento ou
reducdo da doenca. Os resultados mostraram a complexidade dos fatores associados a
incidéncia de dengue no municipio de Coronel Fabriciano, que envolve fatores

socioambientais urbanos, em diferentes escalas espaciais e temporais.

Palavras-chave: Dengue, Analise Espacial, Indicadores Socioambientais, Saude

Publica.



ABSTRACT

Focusing on the socio-environmental factors that influence local vulnerability to
dengue, statistical methods were applied to analyse the cumulative incidence of all
reported dengue cases in the population of Coronel Fabriciano, Minas Gerais State,
Brazil, for a period of 14 years (1999-2013), especially in 2008 and 2009.
Socioeconomic and demographic data, and variables such as population size, education,
occupation, wealth and living conditions, complemented the data collection. These data
were mapped by dengue incidence to compare the overall spatial pattern of disease
through spatial analysis tools. The results of this study show that there is a range of
studies that try to understand the relationship between socioeconomic variables and
dengue; however of much these relationships have the immeasurable effect on the local
reality, which often cannot be duplicated or included in models that are applied to
understanding the relations in other geographic regions. Urban growth can have an
effect on rates of dengue, so that those districts with recent growth and bad conditions
of urban infrastructure can become hotspots in the distribution of cases, thus increasing
the risk of new epidemic episodes. Rainfall and temperature are directly linked to
epidemic onset through the lag-time of 10-12 weeks. Dengue epidemics occur
exponentially with an increase in the number of cases in a short period of time. This
growth can influence the force of infection, thus supporting the epidemic. The data
presented here suggest the effect of socioeconomic factors on incidence rates of dengue
and its distribution in space. The results showed the complexity of the factors associated
with the incidence of dengue in the city of Coronel Fabriciano involving urban
environmental factors at different spatial and temporal scales. The consideration of
these factors in the planning of public policies is of great importance to deal with this

serious problem of urban health.

Key-words: Dengue, Spatial Analysis, Socio-economic Indicators, Environmental

Indicators, Public Health.
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A atividade desordenada de uso e ocupacdo da terra impulsionada pelo modelo
econdémico vigente e o crescimento populacional tem resultado na degradacéo,
fragmentacdo e esgotamento dos recursos florestais (Nascimento et al., 2006). A
Conferéncia das NagbOes Unidas sobre Meio Ambiente e o Desenvolvimento
(CNUMAD), realizada no Rio de Janeiro em 1992, enfatizou essas preocupacoes,
posteriormente evidenciadas em diversas conferéncias complementares (FAO, 2000).
Além disso, as mudangas ocorridas nas caracteristicas de uso da terra decorrentes do
desmatamento tém provocado efeitos negativos sobre a manutencdo da biodiversidade,
reduzindo as grandes areas de florestas a fragmentos, trazendo consequéncias danosas
para o conjunto de seus organismos (Murcia, 1995). Uma das grandes consequéncias do
processo de fragmentacdo e de perda de habitats naturais é a aproximagdo de
organismos vetores e reservatorios de patdogenos aos ambientes antropicos. A inter-
relacdo entre espécies silvestres, aquelas invasoras e 0 homem nos ambientes rurais e
urbanos trouxe uma série de doencas que afetam milhdes de pessoas por todo o planeta
(Lenzi, 2008). Tais doencas infecciosas constituem hoje uma das maiores ameacas a
salde humana, tornando-se dessa forma, na visdo atual, um problema ecoldgico e ndo
somente um problema médico. Os patdgenos desempenham um papel crucial na
manutencdo da coexisténcia e diversidade das espécies e na maneira que 0S
ecossistemas funcionam (Dobson, 1998). Agregar ferramentas ecoldgicas para a analise
das relagcbes parasiticas que envolvem o ser humano € de fundamental importancia nos

dias de hoje.

Um aspecto biofisico relevante diz respeito a diversidade bioldgica,
especialmente a diversidade faunistica. Varios dos processos infecciosos focais de uma
regido, especialmente os virais, dependem de insetos hematdéfagos (vetores) para a sua

transmissdo (arboviroses) (Confalonieri, 2005). Quanto maior a diversidade de espécies
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animais (vertebrados e invertebrados) em uma dada regido, maiores o0s riscos de
emergéncia de processos infecciosos novos (Wolfe et al., 2000). Para ilustrar esse
aspecto, j& foram identificados na Amazonia cerca de 195 tipos de arbovirus, sendo 32
deles capazes de infectar seres humanos (Rodrigues, 2004). Dentre estas arboviroses, ou
infeccBes cujos agentes sdo virus veiculados por artropodes, destacam-se 0s mosquitos
da familia Culicidae, que desempenham um importante papel epidemioldgico. A dengue
e a febre amarela sdo arboviroses causadas pelo virus flavivirus, e que possuem grande

acometimento mundial (Forattini, 2002).

A dengue é considerada uma doenca infecciosa em intensa expansdo no mundo
(Gubler, 2011). Cerca de trés bilhdes de pessoas encontram-se em risco de contrair 0
virus e anualmente sdo registrados 50-100 milhdes de casos de dengue cléssica e cerca
de 500 mil internacfes por febre hemorréagica, chegando a uma mortalidade de 5%
nestes casos. A dengue configura-se como um problema de salde puablica, gerando
gastos anuais de milhGes de dolares (Dickin et al.,, 2013). O virus da dengue é
numericamente o mais importante arbovirus humano; possui quatro sorotipos diferentes
(DENV 1, 2, 3 e 4) transmitidos no ambiente urbano pelo mosquito Aedes aegypti. O
vetor estd amplamente associado as atividades antrdpicas, que disponibilizam sitios de
oviposicdo artificiais e permitem a manutencdo de sua infestacdo (Wermelinger et al.,
2012). Os centros urbanos configuram-se como favorecedores da dispersdo e aumento
da densidade do mosquito, ja que o espaco social organizado influencia a interacao entre
o vetor, virus e homem (Forattini, 2002); e assim, diversos fatores de risco estdo
relacionados com presenca da doenga e do vetor. Tauil (2001) destaca como fatores
fundamentais para definir o padrdo de transmissdo: crescimento populacional,
migracdes, viagens aéreas, urbanizacdo inadequada, mau funcionamento dos sistemas

de salde e densidade populacional.
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A crescente incidéncia da dengue nas Ultimas décadas requer estratégias efetivas
e eficientes para o enfrentamento desses complexos processos ecoldgico-
epidemioldgicos pelos servicos de saude publica no Brasil. Tradicionalmente, a
principal estratégia para o controle do Aedes aegypti tem sido o uso intensivo de
inseticidas para a eliminacdo do mosquito adulto ou de suas larvas (Lima et al., 2006).
Entretanto, a politica adotada ao centrar seu objetivo principal na eliminagéo do vetor,
pelo uso de praguicidas, com constante aumento da resisténcia, € ndo por acOes
integradas voltadas para os elementos socioambientais geradores de risco ndo logram
alcancar a efetividade esperada (Marten, 2001). A dengue é um exemplo de como as
atividades humanas criam as condi¢cGes ambientais que determinam se a doenca

proliferara ou desaparecera.

As situagdes de nocividade decorrentes das méas condigBes socioculturais,
educacionais, de habitacdo, de saneamento ambiental, do padrdo de consumo gerador de
residuos, do regime de custos e ao clima se somam no processo de causalidade de
doencas como a dengue, de modo que ainda se evidencia que é grande o numero de
enfermidades transmitidas por vetores associados a disposi¢cdo inadequada de residuos
solidos, a insuficiéncia ou auséncia de sistemas de drenagem, de esgotamento e de
abastecimento de agua tratada (Sommerfeld & Kroeger, 2012). As situacdes de risco
ambiental e sua capacidade morbigena sdo decorrentes de relagbes insustentaveis do
homem com o meio que lhe da as condi¢cBes materiais para o seu desenvolvimento.
Assim, o ambiente faz parte do todo onde se realiza a vida humana e do qual ndo pode
ser separado. Nesse processo, muitas das doengas infecto-parasitarias como a dengue
sdo decorrentes das precarias condi¢Bes sociais e ambientais e das a¢bes antrdpicas que
invadem os nichos naturais de vetores e reservatorios naturais. A falta de saneamento

ambiental e o desmatamento sdo exemplos de situacOes que pressionam o ambiente
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criando condic¢des nocivas (riscos) para o desenvolvimento destas doengas. Um modelo
efetivo de controle da dengue requeria o direcionamento de recursos para acgoes
integradas de promoc&o, protecdo e prevencdo em saude, que abordassem o complicado
quadro epidemioldgico, relacionado ndo apenas com uma doenga, mas com todas as
doencas transmissiveis, interdependentes do saneamento ambiental (Augusto et al.,
2005). Dessa forma, os recursos integrados seriam otimizados em favor das acOes

efetivas de vigilancia em saude.

Sob esta perspectiva, uma vigilancia em saude utilizando os variados aspectos
ambientais pode compor um conjunto de a¢fes que proporcionam o conhecimento e a
deteccdo de alteracGes nos fatores determinantes e condicionantes do meio ambiente
que interferem na salde humana, com a finalidade de recomendar e adotar as medidas
de prevencdo e controle dos fatores de risco e das doencas relacionadas a variacao
ambiental (Goldstein & Barcellos, 2008). Tal vigilancia pode incorporar processos de
producdo, integracdo, processamento e interpretacdo de informacdes visando o
conhecimento dos problemas de salde existentes, relacionados aos fatores ambientais e
a tomada de decisBes. As acdes dessa vigilancia, neste caso, estariam voltadas para a
avaliacdo do risco de dengue na populacdo. Tal avaliacdo do risco € centrada no
monitoramento das populacdes de vetores e todas as variaveis ambientais e sociais que
influenciam suas dinamicas populacionais, como o aumento de criadouros, interacdes
complexas entre determinantes sociais, efeitos da temperatura e pluviosidade, entre
outras. Os autores enfatizam que quando se trabalha com a gestdo de risco, é necessario
saber a maneira de se usar 0s recursos disponiveis na avaliacdo do risco, na analise
econdmica, na coleta de informacdes sociais e culturais, com a finalidade de melhorar

seu manejo (Fernandes & Veiga, 1999).
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Varios sdo os conceitos de risco, mas todos eles incluem a medida da
probabilidade e da severidade de efeitos adversos ou a probabilidade de ocorrer
doengcas, resultando em ferimentos ou mortes. No contexto da gestdo ambiental, o risco
pode ser incluido na saude publica, pois a satude do homem e dos ecossistemas esta na
dependéncia de fatores econdmicos, sociais e ambientais e é definida como
gerenciamento da salde ambiental. No processo de avaliacdo de risco encontra-se a
identificagéo do perigo, a localizagdo das causas e a estimativa da extenséo dos danos, a
caracterizacdo sistémica e cientifica do potencial adverso dos efeitos das exposi¢oes

humanas a agentes ou atividades perigosas (Fernandes & Veiga, 1999).

O pano de fundo comum a esses eventos sdo politicas de desenvolvimento e uso
de recursos que desprezam as potencialidades regionais, desconhecem a resiliéncia
ambiental e a sustentabilidade ecoldgica de uma regido, que ndo beneficiam as culturas
tradicionais nem a distribuicdo de renda e ndo se preocupam com 0s riscos para a saude.
A extensdo das transformac6es do meio natural e da degradacédo dos servicos ecologicos
(beneficios obtidos pela sociedade pelo funcionamento dos ecossistemas), diretamente
afeta a salde humana. Os agravos associados principalmente as paisagens naturais por
meio de modificacdo ou antropofizacdo destas, freqlientemente, ocorrem de forma
rapida, através de populacdes migrantes; agravos tipicos de aglomerados urbanos e
paisagens construidas, ndo sendo tipicos da regido, estando mais associados a habitos e

comportamentos da sociedade urbano-industrial moderna;

Os 50 milhdes de casos anuais de dengue no mundo e o recrudescimento da
filariose e da malaria permitem questionar a competéncia dos responsaveis pelo controle
dos vetores em relagdo a um freqiiente emprego de inseticidas quimicos (Campos &
Andrade, 2001). A introducdo no Brasil de vetores como o Aedes aegypti e 0 Ae.

albopictus, revela a grande capacidade vetorial destas populacfes do mosquito e seus
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reflexos no grau de domicializagdo das espécies (Donalisio & Glasser, 2001). Por outro
lado, o comportamento da populacdo humana exerce grande presséo seletiva sobre a
populacdo do vetor neste processo de domiciliacdo. Aparentemente, estas espécies
podem ter uma grande flexibilidade comportamental em seu grau de domiciliagdo. Trpis
E Hausermann (1975) identificaram, na Africa, de onde provavelmente o Ae. aegypti é
originario, trés populacdes diferentes quanto ao grau de domiciliagdo: a populacdo
doméstica, que utiliza recipientes artificiais localizados no intradomicilio como
criadouros preferenciais, local também de repasto sanguineo e repouso; a populacdo
peridoméstica, que utiliza recipientes artificiais e naturais no peridomicilio como
criadouros onde também realiza o repasto sangliineo e o repouso; e a populagdo
silvestre que utiliza recipientes naturais localizados na floresta como criadouros e
realiza o repasto e repouso, também na floresta (Forattini, 2002). A populacgdo silvestre
pode se dispersar e ser encontrada no habitat peridomiciliar, mas nunca no
intradomiciliar. Apesar de ser um mosquito basicamente silvestre, servigos de vigilancia
epidemiolégica de prefeituras véem detectando a presenca cada vez maior de Ae.
albopictus em é&reas urbanas, fato ainda carente de estudos e matérias publicadas

(Forattini, 2002).

O crescimento populacional, a infra-estrutura urbana bésica inadequada e
crescimento exponencial do consumismo estdo entre os responsaveis pelas condicdes
que favorecem a transmissdo da dengue (Galli & Chiaravalloti Neto, 2008). No Brasil, o
nivel endémico de dengue ja alterou os indicadores de morbidade, e a magnitude destas
incidéncias nos ultimos anos superou a de todas as outras doengas de notificacdo
compulséria. O Pais foi responsavel por 85% dos casos de dengue notificados nas
Américas do Sul e Central, em 2006. O modelo de desenvolvimento atual é uma das

forcas motrizes que condicionam as pressdes sobre o ambiente, gerando situacOes de
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risco e expondo as populacdes a nocividades que sdo responsaveis pelo aumento da
demanda de doencas para os servigos de satde (Augusto et al., 2005). A salde, portanto
pode ser vista como um resultado histérico das condi¢Bes socioambientais sobre o
patriménio, de forma que o ambiente pode tanto promover salde quanto criar situacfes

de risco para os individuos.

As taxas de incidéncia por dengue no Brasil, ap6s sua instalacdo no Rio de
Janeiro em 1986, vem crescendo progressivamente desde entdo (Torres, 2005),
ampliando a area geogréafica da doenca que hoje esta praticamente em todos os estados
brasileiros. A chegada do virus DEN-4 ao Brasil no final de 2011 expos toda a
fragilidade do sistema de salde e de seu modelo de prevengdo em evitar as epidemias
esperadas com a chegada do novo sorotipo viral. A cada sorotipo de dengue que entrou
no Brasil desde os anos 80 (DEN-1 em 1986, DEN-2 em 1991, DEN-3 em 2001 e DEN-
4 em 2011) novas epidemias sdo esperadas e os modelos vigentes de controle e
prevencdo ndo deram conta das ondas epidémicas que invadiram o pais (Castro et al,
2012). Com a circulacdo dos 4 sorotipos no pais, a complexidade da doenca aumentou
uma vez que novos grupos de populacdo susceptiveis aparecem de tempos em tempos e

em diferentes areas geograficas.

Segundo Tran et al. (2004), por ndo haver vacina ainda disponivel para a
populacdo (esta se encontra ainda em fase de ensaio de campo) ou tratamento especifico
disponivel para a dengue, a Unica forma de prevenir a doenca € aplicar estratégias de
controle do vetor as quais exigem que areas de risco e periodos de risco sejam
identificadas. A heterogeneidade da incidéncia de dengue observada no tempo e no
espaco reflete a complexidade dos fatores de risco envolvidos na transmissao da doenca.
Assim, torna-se importante o processo de mapeamento das areas de risco para a

vigilancia ambiental em salde dos municipios (Goldstein & Barcellos, 2008). A
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localizacdo espacial da informacgdo no processo de gestdo do ambiente e da salude vem
sendo cada vez mais valorizada, por indicar novos subsidios ao processo de vigilancia
por meio dos mapeamentos da area de risco, provendo um instrumento de acGes
coletivas e preventivas no contexto da gestdo socioambiental. Aléem disso, as
experiéncias acumuladas nos ultimos anos no pais vém demonstrando a importancia da
participacdo efetiva das comunidades locais no planejamento, no desenvolvimento e nos
resultados de projetos socioambientais. Com a utilizacdo das técnicas de andlise
espacial, podem-se sobrepor informacGes socioambientais que permitam melhor
localizacdo das problemaéticas a serem estudadas, facilitando o planejamento de acGes
por parte do poder publico e da comunidade (Wen et al., 2006). Essas ferramentas
fornecem subsidios para a elaboracdo de estratégias e acdes direcionadas ao
planejamento, conservagdo, preservagdo e gerenciamento socioambiental. Diversos
estudos atualmente se baseam em Sistemas de Informacbes Geogréficas (SIG) como
ferramentas de suporte para analise de variantes socioecondmicos e ambientais na
determinacéo dos padrdes de transmissdo da dengue em diversas localidades no mundo
inteiro (Flauzino et al., 2009). A eficiéncia desses recursos tecnolédgicos, aliados aos
conhecimentos técnico e tedrico, possibilita a esses autores modelarem as relacfes de

distribuicdo da doenca em funcdo de inumeros outros fatores.

Modelagens dindmicas da dengue podem ajudar a entender, localmente, a
influéncia dos diferentes pardmetros e, em larga escala, 0s mecanismos gerais que
determinam a forca de infeccdo da doenca. Associado as modelagens tedricas,
atualmente, o estudo da paisagem esta sendo integrado ao planejamento regional em
diversos paises, tornando-se um recurso que permite avaliar diversos atributos relativos
a vida urbana com rapidez e eficacia, quando aliada as técnicas de sensoriamento

remoto podendo, ainda, ser viavel econbmica e tecnicamente, nas questdes de
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planejamento urbano e regional e de uso racional do solo (Friel et al., 2011).
Atualmente, além dos mapas tematicos em diversas escalas, outras fontes de informacéo
cartogréafica sdo preconizadas para a avaliacdo da paisagem, entre elas as imagens
obtidas por sensores a bordo de satélites, as fotografias aéreas, os SIGs, a modelagem e
0s modelos fractais, estes ultimos referentes ao processamento digital de imagens sendo
que a andlise dos impactos antropogénicos é de grande importancia nos estudos de

planejamento urbano e regional (Wen et al., 2006).

Assim, associar ferramentas de analise de imagem para a avaliacdo de risco de
dengue e outras doencas é de grande importancia. Um exemplo é o monitoramento da
transmissdo de dengue em diversas populacbes no mundo inteiro utilizando as
condigBes climaticas e socioecondmicas como co-variaveis explicativas. Varidveis
como 0s niveis de precipitacdo de uma regido, ou temperatura associada a presenca da
doenca ou a estrutura populacional do vetor sdo usadas para monitorar o risco da
transmissdo de dengue (Day & Shaman, 2008). Outros estudos também estdo ligados a
estimativas rapidas da populacdo de Aedes em areas urbanas (Williams et al., 2008), e
utilizando a internet como base de dados para acesso de todos (Sucaet et al., 2008), ou a
montagem de base geogréfica de informacdes modelo para estudos em vigilancia e
salde e meio ambiente objetivando identificar estratégias de acGes sanitarias de acordo
com praticas ambientais localmente diferenciadas (Gondim & Monken, 1999). Estas
ferramentas funcionam, em acdo conjunta com indicadores ambientais de salde, como
veiculo de informacdo destinada a tomada de decisdes (Hacon, 2004). Estes estudos se
enguadram dentro de um enfoque ecossistémico de salde e qualidade de vida (Minayo,

2002).

Torres (2005) considera que existam fatores macro e microdeterminantes para

gue numa regido ocorra uma epidemia de dengue. Sdo fatores macrodeterminates:
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latitude, altitude, temperatura, umidade, regime pluviométrico, mudangas climaticas,
densidade populacional, migracGes, turismo, urbanizacdo ndo planificada, moradias
inadequadas, escoamentos entupidos, qualidade do abastecimento de agua (auséncia ou
intermiténcia de &gua corrente, 4gua armazenada, recipientes em mau estado e
destampados), coleta inadequada de residuos soélidos, estado sécioeconémico da
populacdo, hébitos e costumes, formas de organizagcdo comunitaria, legislacdo sobre
salde e ambiente e qualidade e equidade do sistema de salde publica. Entre os fatores
microdeterminantes destacam-se: estado de imunidade, idade, sexo, etnia, historico de
enfermidades, estado nutricional, fatores genéticos, o sorotipo circulante, nivel de
viremia, densidade vetorial, capacidade vetorial, resisténcia do vetor, susceptibilidade

do vetor a infeccdo viral.

Como denota a Tabela 1, diversos modelos atualmente preconizam a gestdo
direcionada para a protecdo da saude, com a coleta conjunta de informac6es adicionais
que interferem diretamente no ciclo das doencas como a dengue (Augusto et al., 2005).
A interdependéncia entre salde, desenvolvimento econémico, qualidade de vida e
condic¢des ambientais vem sendo reconhecida de modo geral, na comunidade cientifica e
na constituicdo das politicas sociais, pois a salude das populacdes humanas é inter-
relacionada as condicGes ambientais e as dindmicas sociais. Assim, muitas variaveis sdo
identificadas como sendo de importancia no universo de transmissdo da dengue e, da
mesma forma, poderiam ser incluidas em indicadores de risco de dengue que levassem
em consideracdo os multiplos aspectos da complexa rede de interacdes que determina a
chance de um evento de dengue; e ndo somente se basear em indices entomoldgicos de

contagem larvéria.

Tabela 1. Variaveis indicadores para a vigilancia da dengue a ser utilizada em modelos

preditivos de risco em nivel regional
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Nivel Indicadores Fonte

Forcamotriz ~ Taxa de crescimento urbano IBGE, SES,
Percentual da populacéo abaixo da linha de pobreza SMS,
Existéncia de politicas de desenvolvimento urbano, saneamento e
habitacdo

Area coberta pelo programa nacional de saneamento ambiental
Gasto com saneamento

Area destinada para o interesse social

Fiscalizacdo do cumprimento da resolucdo 20/86 do Conama
Taxa de alfabetizacdo

Taxa de evasdo escolar

Taxa de escolaridade

Inclusdo do tema satide ambiental no ensino fundamental
Existéncia de foruns de discussao sobre salide e ambiente

Pressdo Percentual da populagdo atendidas por rede de agua tratada IBGE,
Percentual da populagdo sujeitas a intermiténcia do abastecimento Companhia de
de 4gua agua, Prefeituras,
Percentual da populacdo atendidas por coleta de lixo Funasa

Percentual da populacéo atendidas por coleta de lixo regular
Volume de residuos solidos domésticos coletado e tratado
Percentual de recipientes / reservatorios com foco de vetores
Percentual da populagdo vivendo em moradias sem instalagoes
hidraulico-sanitérias

Estado Consumo per capita de agua (litros/hab. Dia) IBGE,
NUmero de ponto de agua por domicilio Concessionarias
Percentual da populacéo proximo a ponto de lixo de 4gua,
Numero de habitantes por comodo prefeituras

Intermiténcia no abastecimento de &gua por bairros
Condicdes de abastecimento de agua por domicilio
Indices pluviométricos

Exposicdo Percentual da populacéo exposta ao vetor SMS, SME,
indice de infestacdo predial / Breteau Funasa
indice de densidade por meio de ovitrampa
Cobertura de atividades de informag&o por area de risco

Efeito Sorotipos circulantes Sinan, SMS
Casos notificados e confirmados de dengue classica
Formas severas
Estratificacdo das notificacGes
Dengue com histérico de doencas previas como desnutri¢do,
anemia, alergia, hepatite

Tais variaveis, categorizadas em diferentes niveis, poderiam ser utilizadas para
modelos preditivos utilizando diferentes municipios como unidades basicas de analise.
A tabela 1 mostra uma modificacdo do modelo Forca-Motriz concebido por Silva &
Andrade Filho (2004) que expbe os multiplos indicadores e seus respectivos niveis que
podem ser adotados em indices de risco de dengue em uma determinada unidade
geografica. Nota-se a necessidade de validar matrizes como estd em um processo

participativo junto com o0s atores sociais que conformam as redes sociais, técnicas e
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institucionais envolvidas na problematica da dengue. Modelos como esse permite a
utilizacdo de informagdes sem que esta tenha uma hierarquia pré-definida. Assim,
dependendo da for¢a motriz identificada, outros indicadores poderiam ser transferidos
de nivel. Permite a construgdo de indicadores de impacto na relacdo saude-ambiente e
fornece subsidios para o fortalecimento da tomada de decisdo, uma vez que possibilita
acompanhar o desempenho das agdes de intervencdo, controle e prevencdo da dengue

no pais.
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Objetivo geral

O objetivo geral deste estudo foi analisar os condicionantes socioambientais, a
influéncia urbana, associados a incidéncia de casos de dengue frente aos
diferentes aspectos que figuram por tras de uma epidemia, utilizando dados de
Coronel Fabriciano, um municipio de 100 mil habitantes em Minas Gerais, que
vem apresentando anualmente uma das maiores incidéncias de dengue no estado

e no Brasil.

Objetivos Especificos

Analisar as caracteristicas epidemioldgicas da dengue no municipio de Coronel
Fabriciano no periodo de 1999 a 2013;

Avaliar os efeitos do crescimento urbano e de variaveis climaticas sobre 0s casos
de dengue;

Integrar as informagdes socioambientais urbanas com os dados de incidéncia de
dengue do municipio de Coronel Fabriciano em um Sistema de Informacéo
Geografica;

Desvelar os efeitos de determinantes socioambientais relacionando-os a

urbanizacdo e influéncias nos casos de dengue.
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Area de Estudo

Este estudo foi desenvolvido utilizando como base os dados scioeconomicos e
de nimero de casos de dengue do municipio de Coronel Fabriciano, MG, entre 1999 e
2013. Coronel Fabriciano situa-se na mesorregido do Vale do Rio Doce e microrregido
de Ipatinga e localiza-se a nordeste da capital do estado, distando desta cerca de 200
quilémetros. Sua populagéo foi estimada em 2012 pelo IBGE em 104 637 habitantes,
sendo o 27° mais populoso do estado de Minas Gerais. Sua area é de 221,049 kmz,
sendo que 13,1549 km? estdo em perimetro urbano. Estd situado na Regido
Metropolitana do Vale do A¢co (RMVA), onde também localizam-se as companhias
siderdrgicas Usiminas e a Aperam South America, as quais foram essenciais para o
desenvolvimento da cidade.

O clima do municipio € caracterizado, segundo o IBGE, como tropical quente
semitmido (tipo Aw segundo Kdppen), tendo temperatura média anual de 21,6 °C com
invernos secos e amenos (raramente frios) e verBes chuvosos com temperaturas
moderadamente altas. Os meses mais quentes, fevereiro e margo, tém temperatura
média de 23,9 °C, sendo a média méxima de 29,2 °C e a minima de 18,5 °C. E 0 més
mais frio, julho, de 18,1 °C, sendo 24,8 °C e 11,5 °C as médias maxima e minima,
respectivamente. A precipitacdo média anual é de 1254,6 mm, sendo julho 0 més mais
seco, quando ocorrem apenas 11,4 mm. Em dezembro, 0 més mais chuvoso, a média
fica em 257,1 mm. Nos ultimos anos, entretanto, os dias quentes e secos durante o
inverno tém sido cada vez mais frequentes, ndo raro ultrapassando a marca dos 30 °C,
especialmente entre julho e setembro. A vegetacdo do municipio tem predominio de
Mata Atlantica. Com 98% de seus habitantes vivendo na zona urbana, o municipio

contava, em 2009, com 42 estabelecimentos de satde. O seu indice de Desenvolvimento
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Humano (IDH) é de 0,755, classificado como elevado pelo Programa das NagGes

Unidas para o Desenvolvimento (PNUD).

Figura 1. Imagem do Satélite lkonos do municipio de Coronel Fabriciano no ano de

2008.
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Figura 2. Fotos do municipio de Coronel Fabriciano. Fonte: commons.wikimedia.org

Apresentacdo dos dados e resultados

Quanto aos aspectos metodologicos, com intuito de melhor abordar o tema, esta
tese foi confeccionada em forma de artigos e seus capitulos referem-se aos textos dos
diferentes manuscritos os quais foram publicados, ou submetidos ou em revisdo para
submissdo, abarcando, assim, as variaveis exploradas no contexto do objeto desta

investigacao.
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Capitulo 1

Indicadores sociais e dengue: uma analise critica
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Socioeconomic Determinants and Dengue Fever: a Literature Review

Marco Aurélio P. Horta, Vinicius Belo & Aldo Pacheco Ferreira

Status: artigo em revisao

Introduction

Dengue fever (DF) is a widespread viral disease that affects millions of people
annually and is inserted in a complex social context in addition to other community-
level features (Gubler 2012). Geographical expansion of dengue incidence in most
Central and South America, Africa and Southeast Asia is a result of the vector
geographic expansion, the Aedes aegypti mosquitoes and of the urbanization process
that provided special conditions to increase the transmissibility and the contact rate
among people and the vector. (Diaz-Quijano & Waldman 2012). Studies reveal that
increasing outdoor dengue transmission, lower herd immunity, human movement and
shift of vector control emphasis were some possible reasons for the upsurge of dengue
(Barmak et al 2011; Teurlai et al 2012).

Vector control programs have been implemented throughout the world following
local characteristics that better induce mosquito proliferation. In some countries there
has been a change in emphasis from vector surveillance to case detection focusing
source reduction. Implemented measures include adulticidal fogging, active search for
larvae, and various prevention activities according to the standard operation procedure
found in each country (Hii et al 2012). In addition, Geographical Information System
has been added to enhance analysis of distribution of dengue cases, Aedes mosquitoes

and weather data (Jeefo et al 2011). This brings a contribution to those surveillance
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systems who have revised dengue control strategy and put in place integrated dengue
surveillance and control programs which involve active vector surveillance; vector
control; public education and community involvement; as well as research and
development (Sommerfeld & Kroeger 2012; Griffiths et al 2013; Mayxay et al 2013).
Authors have shown that socioeconomic features in a region could have impact
on DF incidences, feeding characteristics and survival rate of Aedes mosquitoes. Thus
DF cases and its transmission patterns, as a function of social characteristics around
households and districts, is represented by a wide dataset available in the literature from
the last ten years (Nagao et al 2003; Koyadun et al 2012). The association between
weather and dengue incidence is well documented (Chowell at al 2011), however
studies about the influence of socioeconomic determinants in the increasing intensity
and magnitude of dengue incidence in recent years, especially in endemic countries, is
yet to be established. In this study we reviewed the literature in which the authors
measured the relationship between dengue and socioeconomic factors and further
discussed the way these predictors are associated with intensity and magnitude of

dengue cases.

Methods

The review was performed in May 2013, with a criteria-based search strategy for
studies published between 2000 and 2013, in the following electronic databases: Lilacs,
PubMed, Web of Science, EMBASE and Scielo. The key word used in the search was
dengue. This key-word was combined with socioeconomic and social and determinants
and conditions. Words were typed in English, Portuguese and Spanish.

All titles and abstracts of identified articles were analyzed and that deemed

irrelevant were excluded. The full text of studies considered relevant or without
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sufficient information in titles or abstracts for the decision was analyzed. An additional
search was performed in bibliographic references of the relevant studies and of the
systematic reviews concerning the topic of interest. Decisions concerning the inclusion
or exclusion of articles were made jointly by all the researchers. Analytical or ecologic
studies that used regression methods or risk analysis to assess the relationship between
socioeconomic determinants and dengue, including the following outputs: OR (odds
ratio), RR (Risk Ratio), regression coefficients and risk maps were included. Studies
which dealt with socioeconomic factors and dengue in a subjective way without perform
testing the relationship were excluded.

The studies were classified into four categories: Category A or Adequate;
Category B or Undetermined; Category C or Inadequate; Category D or Not Utilized.
Studies classified as A and B, were included. Studies classified as C and D were
excluded from the review because they were considered inadequate. The results were
matched to verify concordance and the discordant results were resolved by consensus.
The researchers recorded the contents of each selected article into a database that
included names of the authors, year of publication, location of study, base (analytical or
ecological studies), sample type, size of population, dependent variable to estimate
dengue fever, independent socioeconomic variable and the type of test used to assess the
relationship. The evaluation by the reviewers was not blinded from the authors and the

study results.

Results
A total of 976 articles were identified through the Pubmed online search, 384
through the Lilacs search and 124 through the Scielo search (Figure 1). Only 23 articles

complied with inclusion and exclusion criteria with no additional paper being identified
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from the references. Selected papers focus on information concerning the following
countries: India, Mexico, United States, Brazil, Thailand, Taiwan, Costa Rica, Vietnam,
Malaysia, Australia and Saudi Arabia, with 13 ecological studies based on census

information and 10 analytical studies with selected populations (Tab. 1)

Records identified through
database search Records excluded by
n=965 Pubmed — title analysis
384 Lilcs (n=1343)
124 Scielo
\
Records screened Records excluded by
n=76 Pubmed 3| abstract analysis
39 LILACS (n=91)
15 Scielo
Full-text articles Full-text articles
assessed for eligibility > excluded
(n=39) (n=16)
Studies included in Records included by
qualitative synthesis |€—————| reference searching
(n=23) (n=0)

Figure 1. Fluxogram showing the process of article selection.
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Table 1. Characteristics of studies included in the systematic review

#  Author Year Place Base N Dep. Var. Test used
1 Bohra 2001 India A allH DF inc OoLM

2  Espiboza-Gomez et al 2003 Mexico A 350 DF inc Poisson
3 Reieteretal 2003 USA A 622 H [o[€] Logistic
4 Siqueiraetal 2004 Brazil A 1600 IgM Logistic
5  Vanwambeke et al 2006 Thailand A 1750 IgM Logistic
6  Mondini & Neto 2007  Brazil E Pop DF inc PCA

7 Nagaoetal 2008 Thailand E Pop mean age OoLM

8  Mondini & Chiaravalloti 2008 Brazil E Pop DF inc PCA

9  Teixeira & Medronho 2008 Brazil E Pop DF inc OoLM

10 Wuetal 2009 Taiwan E Pop DF Inc SLR

11 Almeidaetal 2009 Brazil E Pop DF inc OoLM

12 Machado 2009 Brazil E Pop DF inc Pearson
13 Cordeiro et al 2011 Brazil A 1291 DF Inc Logistic
14 Menaetal 2011 Costa Rica A Pop DF inc Poisson
15 Schimidt et al 2011 Vietnam A 75,000H Admission rate Logistic
16 Teixeira & Cruz 2011 Brazil E Pop DF inc GLM

17 Tipayamongkholgul 2011 Thailand E Pop DF inc OLM

18 Hassanetal 2012 Malaysia E Pop DF inc Risk map
19 Huetal 2012 Australia E Pop DF cases Poisson
20 Khormi & Kumar 2012 SaudiArabia E Pop DF cases Risk map
21 Koyadun 2012  Thailand A 1200H DF cases Logistic
22 Souza & Barata 2012 Brazil E Pop DF inc Risk strata
23 Chucetal 2013 Mexico A 348 H DF cases Logistic
H - Households

Of the 23 articles selected, social variables were extracted and separated into 14

different categories according to the socioeconomic aspect addressed: Density, Electric,

Garbage, Health, House, Old, Own, School, Sewage, Transport, Urban, Water and

Wealth . It is given below a brief summary of each category and the respective

variables: density: population density and house density as the main variables and

residents per house, mean number of occupants, number of children and woman/man

ratio; eletric: % of villages with electricity was the only variable with a non-significant

relationship with dengue fever; garbage: households with waste collection, households

without waste collection and the frequency of waste removal < 2 times a week were the

variables; health: distance to the nearest health facility and villages with health station;

house: the variables selected were type of construction material, spend days at house,

one-story homes, mosquito protection, precarious households; old: age (>45, >50, >60,
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>65, 15-50), aging index, elder population living alone; own: two variables found in one
single study, % households which own land and % households which do not own any
land; road: distance to the nearest road and % villages connected by roads were the two
variables selected from 2 studies; school: years of schooling (also included here
secondary school, population graduated, higher degree of studying, people with
highschool), literacy status, % of villages with school, education status of the family
head, children outside school; sewage: households with sewage system, households
without sewage system, basic sanitation open air, basic sanitation cesspool; transport:
one single study with the variables % of villages with buses, and households with trucks
and motorcycles; urban: distance to the nearest urban area, number of factories, % area
which is used for agriculture, % urban population, % degraded area, % urban area;
water: households with water supply was the most observed variable, but also includes
frequency of cleaning water storage containers, use of water cooler, protection/covering
of water storage container, frequency of water supply, distance to the nearest well, water
wells, water supply improvised, experience with water shortages (yes), water storage,
experience with floods (yes), water around house; wealth: variables that take into
account the poverty or wealth status of a place or population. Life condition index,
wealth highest, socioeconomic grouping, birth rate, % households head receives no
income, % residents with 2 minimum wages, social development index, Gini index,
family income, socioeconomic index for areas (SEIFA), high socioeconomic level,
monthly income of heads of households, dependency ratio, fecundity rate, human
development index, poverty index, unemployment rate, life expectancy, increase in life
expectance, population growth rate, Gross National Product, poverty and miserable.
Table 2 provides the list of socioeconomic determinants and its association

status with dengue fever according to the published papers. Population density, water
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supply and years of schooling were the socioeconomic variables most addressed in
revised studies with 14, 8 and 8 articles respectively. For all variables, different
association status were found in different studies analyzed, taking into account the great
heterogeneity not analyzed here, mainly because these studies have different population
bases and considering different variables to estimate dengue fever. However, even
considering studies of same base (analytical or ecological), there is variation in the
results of the associations. When considering the variables water supply, house density,
garbage collection, distance to health facility, literacy status and sewage system, the
absence of association was the result most commonly found in the manuscripts
reviewed. Population density was the variable with a higher number of studies
presenting positive association with dengue fever (6), although other studies showed no
association (5).

Table 2. Association status for social variables and dengue fever selected from
published studies (numbers).

Variable Association

Positive Negative  Protective No
Water supply 15 1,9 7,8,11, 4, 22,
Population density 18,8,20,21,3,23 17 15, 14 22,7,11,4,9
House density 1 17,8,4,7
Garbage collection 8,13 1 11, 22,9
Distance to health facility 23 15 17,7
Spend days at house 5 13, 5*
Older age 21,4,2 10 13,9
Years of schooling 21,15,8,4 13,23, 14 7
Literacy status 14 9,811
Sewage system 11 14 8,9

*Two different locations

Discussion

The results presented in this review showed the heterogeneity of the data
concerning socioeconomic factors that might explain dengue fever. This is a reflection
of the complexity surrounding the universe of factors that determine the rates of dengue
transmission. Geographic differences in the communities affected by dengue fever in

different countries and continents, submitted to different regimes of rainfall,
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precipitation and climatic changes, sociocultural histories and genetic variation of the
Aedes mosquitoes makes the heterogeneity a key factor when analyzing a same variable
collected in different regions.

Some points must be highlighted when we take into account socioeconomic

factors and its relationship to dengue: a) some indicators used in different studies show
a vision of local realities and thus, better reflect the conditions, vulnerabilities and needs
of a community. Variables that may be important in a region or country, may not
present the same importance in another country, thus reducing the ability of the
researcher to condense the data available in the literature for further analysis.
Furthermore, in ecological studies, many authors when choosing the variables for the
models, take into account the availability of information for that region in systems or
governmental databases, and many indexes or indicators are part of the social context of
a country but not necessarily from another; b) how the authors interpret the strength and
magnitude of dengue is also a factor of heterogeneity in data reviews which may bring
bias and other potential confounders. In this review, the status of dengue has been
translated into six different dependent variables in the regression models: incidence,
seropositives 1gG, IgM seropositives, mean age, admission rate in hospital and dengue
cases. Each of them have epidemiological constraints that reflect a certain aspect of
reality, but can leave out other aspects relevant or not for that study. The most analyzed
dependent variable was the DF incidence, very common in ecological studies with the
entire population of a city or town being used as the denominator in the calculation.
However, some analytical studies also based the calculations on dengue incidence c) the
statistical modeling to assess the strength of association between dengue and social
variables also showed a varied pattern between studies. Observed models were
constructed based on Ordinary linear, Poisson, Logistic, Generalized Linear and

Spatially Lagged regression. Besides these, some studies used Principal Component
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Analysis, risk strata and risk map for testing or visualizing the associations. Considering
the intrinsic features and limitations of each method, we were able to expected a
variation in response of presented associations due to the method used. Water supply,
population density, and years of schooling, the most common variables, presented
different types of association (Table 2), being evaluated by different tests, which do not
favor the attempt to combine different results in a review study.

The variation in the significance pattern here termed as “statistically significant”
at the 0.05 level may be of equal concern. Such associations found to be nonsignificant
may be under effects of the sample size or other cofounder co-variables, which would in
turn mask the real value of the association and thus cause a bias in the revision study.
Some variables analyzed revealed odds ratios and risk ratios very close to 1, like those
found in Schimidt et al (2011) for distance to hospital (OR=0.94; 0.93-0.96), Cordeiro
et al (2010) for age with years (OR=0.99; 0.98-1.00), Espinoza-Gomez et al (2003) for
older (>60) (RR=1.07), Reiter et al (2003) for mean number of occupants per residence
(OR=1.1; 1.0-1.2); Chuc et al (2013) for no waste collection (OR=1.08; 0.55-2.12),
Mena et al (2011) for population density (RR=0.99). Also, many variables computed by
authors but not included in the final model due to the lack of associations in the
correlation process before modeling were considered as no significants in this revision.
These no significant associations; consequently, might become significant if collected
with a different questionnaire or treated in a different database. In this case the
regression method used also would influence the result of significance.

Our findings suggest that associations between socioeconomic factors and
dengue might be better understood if they were investigated in a proper way that would
homogenize the local variations found in the context of socioeconomic determinants.

Important factors may cause a variation in the importance of the socioeconomic
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indicator of dengue fever according to the sampled region. Different genetic variants of
the DEN virus are spread throughout the world, causing epidemics in tens of countries
each year and for each dengue serotype (DEN-1, DEN-2, DEN-3 and DEN-4). Different
genotypes are found spread in different regions (Allicock et al 2013) and the variation in
the force of infection and symptomology of each dengue serotype is a matter of
discussion (Villabona-Arenas & Zanotto 2013). When dengue fever is treated as a
single entity an imputed biased effect should be considered. Also, the presence and
physiological conditions of a susceptible human population is requested for dengue

epidemics to take place.
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RESUMO

A expansdo urbana pode exercer efeitos negativos nos processos naturais. A analise de
paisagem busca, nesse sentido, fornecer ferramentas para o melhor planejamento
urbano, objetivando uma melhor qualidade de vida da populacdo e a preservacdo das
areas naturais. O objetivo deste estudo é descrever a estrutura da paisagem do municipio
de Coronel Fabriciano, MG, detectando as mudancas ocorridas entre 1989 e 2009. O
estudo abrangeu a paisagem referenciada em ortofoto de 1989, sendo georreferenciados
0 perimetro urbano e os fragmentos naturais, para classificagdo e comparacao temporal.
As unidades de paisagem foram subdivididas para contagem e execucdo dos indices e
testes estatisticos. A paisagem do municipio de Coronel Fabriciano apresentou
mudangas nas areas das unidades urbana e matriz no periodo entre 1989 e 2009. Houve
uma expansdo urbana sob a matriz pastagem, mas ndo foram ocupadas as areas
semiurbanas. N&o ocorreram alteracbes na area de remanescentes de floresta e
eucalipto, mas com a expansao urbana, alteraram-se as bordas, sendo que os
remanescentes passaram a sofrer maiores pressdes da area urbana. As margens dos
cursos d’adgua também apresentaram crescimento da area urbana. Os resultados aqui
fornecem uma base geografica de informacfes com possibilidade de subsidiar estudos
pertinentes ao campo da vigilancia ambiental e satde.

Palavras-chave: Ecologia da Paisagem. Gestdo Ambiental. Fragmentacdo. Expansao
urbana. Conservacdo. Coronel Fabriciano.
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ABSTRACT

Urban growth has negative effects on natural processes when the landscape is
fragmented. Landscape analysis provides tools for better urban planning, aiming at
better quality of life and preservation of natural areas. The aim of this study is to
describe the structure of the landscape in the city of Coronel Fabriciano, Minas Gerais
State, detecting the changes between 1989 and 2009. The study covered the landscape
referenced orthophoto from 1989, the urban area and natural fragments were
demarcated for porpoises of classification and temporal comparison. The landscape
units were sub-divided for counting and implementation of indices and statistical tests.
Five landscape units were obtained. The landscape in the city of Coronel Fabriciano
shows changes in the units of urban area and matrix (pasture) in the period between
1989 and 2009. We observed an urban growth over the pasture matrix. No changes were
observed in the areas of remaining forest and eucalyptus, but with urban growth, some
changes were seen in the edges. Natural fragmented areas have become closer to the
urban area and suffered pressure from urban areas. The margins of watercourses also
showed growth in the urban area. The results here provide basic geographic information
with the possibility of supporting studies relevant to the field of environmental
monitoring and health.

Keywords: Landscape Ecology. Environmental Management. Fragmentation. Urban
Growth. Conservation. Coronel Fabriciano.

Introducéo

A acdo humana leva a uma continua mudanca na paisagem, principalmente nas
areas altamente urbanizadas. A paisagem é um espaco que, quando visto ou descrito em
termos de suas caracteristicas fisiograficas e ambientais relacionadas com os impactos
antropogénicos, é de grande importancia nos estudos de planejamento urbano e
regional. Forman & Godron (1986) definem a paisagem como uma superficie
geografica heterogénea, constituida por um grupo de ecossistemas que se repetem
apresentando padrdes semelhantes. Porto (1999) afirma que os estudos da paisagem

compreendem desde uma mera descricdo até uma tipificacdo ou classificacdo em
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unidades homogéneas e desde estudos de percepgdo visual até a determinacdo da

qualidade e fragilidade visuais, com uso intenso de técnicas estatisticas.

O termo "ecologia de paisagens” foi empregado pela primeira vez com
abordagem influenciada pela geografia humana, fitossociologia e biogeografia,
relacionadas ao planejamento do espaco. A ecologia de paisagens, com um enfoque
ecoldgico adaptou as teorias de biogeografia de ilhas para o planejamento de reservas
naturais (Metzger, 2001). Metzger (2001) propds uma visdo integradora do conceito de
paisagens: "um mosaico heterogéneo formado por unidades interativas, sendo esta
heterogeneidade existente para pelo menos um fator, segundo um observador e numa
determinada escala de observacdo”. A ecologia de paisagens seria assim uma
combinacdo de uma andlise espacial da geografia com um estudo funcional da ecologia,
na qual a problematica central ¢ o efeito da estrutura da paisagem nos processos

ecologicos nos quais envolvem a expansao urbana e fragmentacao de habitats.

Atualmente, o estudo da paisagem esta integrado ao planejamento regional em
diversos paises sendo, inclusive, fator determinante na implantacdo ou ndo de um
projeto ou obra de engenharia, e seu emprego pode revelar informacdes intrinsecas ao
mapa tematico gerado a partir de uma imagem orbital, como o empobrecimento da
qualidade visual de uma regido, em consequéncia da implantacdo de uma obra de
engenharia ou da ocorréncia de um desmatamento. Dessa forma, a valoracdo da
paisagem pode ser considerada um recurso que permite avaliar a qualidade visual ou
cénica de uma regido com rapidez e eficacia, quando aliada as técnicas de
sensoriamento remoto podendo, ainda, ser vidvel econdmica e tecnicamente, nas
questbes de planejamento urbano e regional e de uso racional do solo (Landovsky et al.,

2006).
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A anélise dos componentes da paisagem, ou seja, os diferentes arranjos possiveis
entre os mosaicos formados pela combinacéo de formas superficiais do terreno, aspectos
bidticos e intensidades diferenciadas de antropizacdo, podem fornecer informacdes
valiosas a respeito da ocupacdo do uso da terra e dos efeitos do crescimento urbano
sobre fragmentos de matas. A obtencdo de imagens permite a realizagdo de estudos
temporais das tendéncias de ocupagdo da terra. Porém o que se tem de mais evidente sao
as regides que tiveram sua cobertura alterada, seja por exemplo, pelo crescimento em
dimensdo das areas agricolas ou de reflorestamento ou pela mudanca no estagio de
desenvolvimento da vegetacdo. Atualmente, além dos mapas tematicos em diversas
escalas, outras fontes de informacdo cartografica sdo preconizadas para a avaliacdo da
paisagem, como as imagens obtidas por sensores a bordo de satélites, as fotografias
aéreas, os sistemas de informacGes geograficas (SIG), a modelagem e os modelos

fractais (Porto, 1999).

Atualmente, com a intensificacdo das pressGes antropicas sobre o ambiente,
observa-se um intenso processo de substituicdo das paisagens naturais por outros usos
do solo. Essas interferéncias convertem extensas e continuas areas com cobertura
florestal em fragmentos florestais, cercados por areas de reflorestamentos, pastagens,
cultivos e edificacbes, afetando a disponibilidade e a qualidade de recursos naturais

importantes a populacdo de uma regido (Valente, 2001; Missio, 2003).

E importante a conservacdo das paisagens naturais e urbanas, visto que ha uma
intensa interacdo quando a falta de organizacdo urbana interfere negativamente nos
processos naturais, afetando a qualidade destes recursos. Tendo em vista a
aplicabilidade da ecologia de paisagens, no municipio de Coronel Fabriciano ndo ha um
planejamento urbano eficiente e por fatores histéricos de ocupacédo, sofre com graves

problemas ambientais. A necessidade de se compreender a paisagem € de grande
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importancia para buscar a integracdo da racionalidade ambiental e social a econdémica,
na ocupacgdo e organizacdo do espaco, visando priorizar a qualidade ambiental. Com
base no diagnostico ambiental é possivel sugerir politicas, programas e projetos de
desenvolvimento, priorizar as agdes mais importantes no julgamento e avaliagdo dos
problemas ambientais e definir os programas de acdo para corrigi-los ou preveni-los
(Missio, 2003). Atualmente, é necessario um planejamento de uso e ocupacdo da terra,
que concilie a conservacdo dos remanescentes naturais com a expansdo urbana,

respeitando o entorno das areas naturais (Missio, 2003).

O foco ndo estd somente na conservagdo e protecdo, mas também no
desenvolvimento sustentavel, no planejamento espacial e no manejo da paisagem. Burgi
et al. (2004) consideram que quatro maiores desafios na pesquisa das mudancgas na
paisagem seriam, estudar 0s processos em relacdo aos padrdes espaciais, extrapolar os
resultados no espago e no tempo, fazer o link entre as diferentes varidveis estudadas,
além de considerar os aspectos culturais como transformadores da paisagem. Dessa
forma, a crescente necessidade para o inventariamento, avaliacdo e o monitoramento da
paisagem, demandam o desenvolvimento de indicadores da paisagem que podem ser
uteis nas politicas pablicas e podem, da mesma forma, serem utilizados como objeto de

gestdo na avaliagdo da salde ambiental dos ecossistemas.

Haines-Young & Chopping (1996) propuseram que mudancas estruturais entre
paisagens passadas e presentes pudessem ser identificadas por meio de indices de
paisagens. Diversos autores vém explorando a analise dos componentes da paisagem
por meio das métricas de paisagem (Haines-Young, 2000; Dramstad et al., 2006;
Uuemaa et al., 2007), e tais métricas, por meio de seus indicadores, representam uma

potente ferramenta para 0 manejo e o planejamento urbano (Eetvelde & Antrop, 2009).
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Existem diferentes nocBes de escala: escala espacial, geografica, temporal e de
percepcdo das espécies nas quais influem sobre o valor das métricas da paisagem, e
logo, sobre a interpretacdo bioldgica que fariamos delas (Metzger, 2004). As ortofotos
constituem uma excelente fonte de dados histéricos para a compreensao do uso do solo
em uma paisagem (Rodrigues et al., 2004). Para levantamento e caracterizagdo do uso e
ocupacdo do solo sdo necessarias técnicas de geoprocessamento para quantificacdo e
qualificacdo da estrutura e definigdo dos padrdes da paisagem. A escolha da utilizagéo
de ortofotos neste estudo possui uma razdo: ndo existem registros histéricos e
detalhados de sensores digitais para a area de estudo, de modo que foi aliada o uso de
ortofotos de 1989 a tecnologia do GPS. Este estudo teve como objetivo descrever a
estrutura da paisagem, por meio da obtencdo de imagem morfoldgica discriminando as
unidades componentes desta paisagem a partir de fotografias aéreas verticais
pancromaticas, na escala 1:10.000, detectando as mudancgas ocorridas no municipio de
Coronel Fabriciano no intervalo de 20 anos, analisando suas implicacdes ambientais

como consequéncia do processo de crescimento urbano.

Material e Métodos
Area de Estudo

O estudo foi conduzido no municipio de Coronel Fabriciano, Minas Gerais (19°
31707 S; 42° 37> 44” W). O municipio esta situado na bacia do rio Piracicaba e integra
a regido Metropolitana do Vale do Ago, na regido Leste do estado, que também conta
principalmente com as cidades Ipatinga e Timo6teo. O municipio estende-se por uma
area de 221 km?. Sua populacdo estimada pelo IBGE em 2007 é de 100.805 habitantes.

Coronel Fabriciano ¢é sede regional de importantes érgdos do Estado, como a Gerencia
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Regional de Saude (GRS). A regido do Vale do Ag¢o destaca-se por abrigar um dos
maiores polos produtores de aco do Brasil e pela presenca de empresas reflorestadoras
de eucalipto, cuja area plantada ocupa uma grande area na regido, assim como todas elas

empregam milhares de pessoas (Figural).

O municipio destaca-se também no quadro da saude pela enorme quantidade de
casos notificados de dengue nos Gltimos anos, uma tipica doenca bastante influenciada
pela qualidade urbana e uso do solo. E uma cidade com uso intensivo dos solos, devido
a grande area urbana e as monoculturas. Caracteriza-se por altas temperaturas médias
anuais, com clima Tropical de verdes quentes com temperatura média de 28,90° e, no
inverno, médias de 17,10°. O indice médio pluviométrico anual é de 1.580mm. Todas
estas variaveis juntas fornecem um grande palco para a proliferacdo do mosquito Aedes

aegypti e seu reflexo nos casos de dengue notificados.

No municipio de Coronel Fabriciano percebe-se falta de planejamento urbano
eficiente, de forma que a cidade apresenta problemas ambientais que atingem a
sociedade como a ocupacdo desordenada de areas de risco como encostas ingremes e
planicies de inundacdo, desabamento de casas por deslizamentos de terra e inundacbes
na época de chuvas, exposicdo do solo, ficando invidvel para construcdes e agricultura,
assoreamento de cursos d'agua, alteracdo do microclima do vale e a presenca de doencas
como dengue, dengue hemorragico, febre maculosa, leishmaniose e esquistossomose.
Como outro fator impulsionador do grande numero de casos de dengue na regido,
estudos destacam as cidades brasileiras de tamanho médio com populacdo em torno de
100 mil habitantes como as principais mantenedoras da dengue no pais (Ministério da
Salde, 2007). Estudo realizado na regido noroeste do Estado de Séo Paulo, incluindo o

municipio de Sao José do Rio Preto, confirmou essa tendéncia ciclica e a importancia
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das cidades médias como locais com maior probabilidade de ocorréncia da doenca,

exercendo o papel de irradiadores da transmissdo (Mondini et al., 2005).

Brasil Minas Gerais Coronel Fabriciano

Figura 1: Imagem de estudo. Em destaque, a area urbana dos 221 km? totais do

municipio de Coronel Fabriciano.

Amostragem

Foram obtidas ortofotos datadas de 1989, geradas pela CEMIG (Companhia
Energética de Minas Gerais) em 4 cartas na escala de 1:10.000. Estas cartas foram
digitalizadas com definicdo de 400dpi e montadas para analise das imagens. Em um
segundo momento, foi visitado e georreferenciados todo o perimetro do municipio
incluindo a éarea urbana, as areas naturais e de cultivo. Com o auxilio de GPS, foram
obtidas as coordenadas geograficas do entorno destas areas formando poligonos das
areas de interesse. Estas areas formam as unidades de paisagem, e os dados obtidos a
partir da analise destas areas forneceram subsidios para a criagdo de mapas de uso e
ocupacdo do solo de 1989 e 2009. A analise espaco-temporal da paisagem foi realizada
através da comparacdo do mapa tematico de uso e cobertura do solo, de 1989 (gerado a

partir da confirmacdo com os dados georreferenciados, analise de textura, interpretacdo
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visual da ortofoto, do conhecimento pratico da area) com uma imagem atual Ikonos

(Figura 2).

Quildmetros

Figura 2. Imagem atual do Municipio de Coronel Fabriciano, com demarcacdo do

perimetro urbano. Imagem Ikonos.

Para o processo de transformagdo da imagem em pixels, as unidades de
paisagem sofreram expansdes de 20 metros, respectivas ao efeito de borda. As unidades
sobrepostas geraram novas subunidades: bordas e convergéncias. Esta nova imagem foi
subdividida em mosaico (pixels) de 20x20 metros. As diferentes unidades foram
identificadas por cores de acordo com as unidades de paisagem encontradas (Figura 3).
A partir da identificacdo, separacdo e contagem dos pixels, foram determinados os
indices de métrica para analise qualitativa e quantitativa da paisagem (Metzger, 2004),

objetivando a descricdo da paisagem e sua evolucdo temporal. O método de
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classificacdo utilizado foi adaptado a partir de Metzger & Muller (1996) e Metzger

(2004).

Figura 3. Transformacdo Foto-Mosaico: a) estudo da ortofoto; b) definicdo do perimetro

das unidades (interpretacdo da foto para 1989, e plotagem de coordenadas sobre o mapa
para 2009); c) geracdo do mapa tematico a partir dos perimetros; d) expansdo e/ou
dilatagdo das bordas das unidades em 20 metros; €) conversdo de mapa tematico para

mosaico.

Foram escolhidos indices de analise de paisagens baseados em Metzger &
Muller (1996), Viana & Pinheiro (1998) e Metzger (2004). Os seguintes indices foram
utilizados: area e proporcao (area total, area e proporcdo por unidade de paisagem, area
central, borda e convergéncia); riqueza de unidades (n, nimero de unidades de
paisagem); diversidade da paisagem (Ho = -X (pi.In.pi), onde pi = proporcéo de &rea
ocupada pela unidade “i”’); equabilidade da paisagem (Eq = Ho / Hmax , onde Hpmax =
In.n); dominancia da paisagem (Do = Hmax - Ho, onde Do = 1 / Hy); diversidade espacial
da paisagem (HL= X -gk.In.2gk, onde gk= proporcéo de NB e n); proporc¢do dos pontos
de convergéncia (C = Bc/A, onde Bc = numero de pixels em pontos de convergéncia
(pixels de borda apresentando 3 ou mais unidades nos 9 pixels do seu entorno), e A =

numero total de pixels da paisagem); ndmero de fragmentos (NF = numero de
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fragmentos de uma paisagem); proporcdo de contatos (Bjj = X e;; . |, onde e;; = nimero
de interfaces horizontais ou verticais entre pixels das unidades “i” e “”. e 1 =
comprimento da interface de um pixel (I = 20metros)); frequéncia relativa x &rea
proporcional (frequéncia relativa é a porcentagem do nimero de fragmentos por classe
de area (em hectare) e area proporcional € a propor¢do da area ocupada por classe de
tamanho).

A rede de drenagem foi tracada nas fotos aéreas e nas imagens orbitais. Para o
reconhecimento das proporcOes das unidades que compde a mata ciliar, cada margem
dos principais cursos d’agua foi dilatado em 30 metros, no qual foram também divididos
em pixels de 20x20 metros (400m?), identificados e contados. Para verificar se houve
alteracd@o nos valores obtidos entre 1989 e atual, 0 mapa foi subdividido em quadrantes
de 1 por 1 km onde cada quadrante sendo considerado uma amostra na qual apresentava
uma proporcdo para cada unidade da paisagem encontrada, foi realizado o teste t-
student’s onde foi comparado as propor¢des de cada quadrante nos anos de 1989 e o
atual para as unidades de paisagem urbana e matriz separadamente. As demais unidades
de paisagem ndo foram comparadas pois ndo havia sido encontradas diferencas nos seus

valores.

Resultados

A éarea estudada total no municipio de Coronel Fabriciano corresponde a 63,667
km?. As unidades de paisagem identificadas neste estudo foram as seguintes: matriz: a
maior unidade da paisagem (Pickett & Cadenasso, 1995); considerada aqui como a area
utilizada principalmente como pastagem ou areas abertas abandonadas a partir deste
uso, geralmente cobertas por gramineas, herbaceas e arbustivas, podendo apresentar-se

também, em inicio de sucessdao ou com solo exposto; urbano: area edificada, com

53



alguma infraestrutura como agua, esgoto, luz e calcamento; semiurbano: areas de
loteamento com cortes no solo e/ou com infraestrutura sobre a matriz; eucalipto: area de
reflorestamento e/ou plantio para fabricacdo de celulose e carvédo; floresta: &reas
naturais, como fragmentos de Mata Atlantica em varios estdgios de sucessdo e
afloramentos rochosos; borda: 20 metros para o interior da unidade, definidos em
funcdo da definicéo utilizada (1 pixel = 20x20 metros) e por ndo considerar a percepcao

de nenhum taxon; convergéncia: area de encontro entre 3 ou mais unidades (Figura 4).
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de Coronel Fabriciano em

Figura 4. Unidades de paisagem encontradas no municipio

1989 (acima) e 2009 (abaixo).
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As areas de centro das unidades de paisagem ocupam atualmente 81,39% da
area de estudo, sendo que sua maioria € composta pela matriz (35%), urbano (27,1%),
floresta (22,5%) e eucalipto (12,3%). Nao houve diferencas quanto as areas das
unidades de Floresta, Eucalipto e Semiurbano, mas foram observadas diferencas nas
areas de matriz e urbana. Ocorreu um aumento na area urbana entre os anos de 1989 e
2009 (de 19,1% para 27,1%) (t=-5,309; gl=85; p<0,001) e uma redugdo na area de

matriz neste mesmo periodo (de 43% para 35%) (t=5,276; gl=85; p<0,001) (Tabela 1).

Tabela 1: Comparagéo temporal entre as areas das unidades de paisagem (em km?).

Unidades 1989 % 1989 2009 % 2009
Centro 51,73 81,2 51,82 814
Borda 11,63 18,3 11,52 18,1
Convergéncia 0,31 0,5 0,34 0,5
TOTAL 63,67 100 63,67 100
Floresta 1434 225 1434 225
Eucalipto 7,83 12,3 7,83 12,3
Matriz 27,37 43 22,31 35
Semiurbano 1,90 3 1,90 3
Urbano 12,19 19,1 17,25 271
Corpos D'agua 0,03 0,1 0,03 0,1
TOTAL 63,67 100 63,67 100

As margens dos cursos d’agua representam aproximadamente 10% da area total
sendo que apenas 17,9% das margens sdo compostas por areas naturais (Floresta)
(Figura 5). Foram encontradas todas cinco unidades de paisagem, sendo a mais
representativa a unidade Urbana (de 36% para 43,4%). Ocorreu 0 aumento da area
urbana as margens dos cursos d’adgua, em geral, devido ao aumento da area urbana e

diminuicdo da matriz (Tabela 2).
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Tabela 2: Comparacdo temporal entre as areas das unidades que compde as margens dos

cursos d’agua (em km?).

Unidades 1989 %1989 2009 % 2009
Floresta 11 17,9 11 17,9
Eucalipto 0,8 12,3 0,8 12,3
Matriz 1,9 29,6 1,4 22,2
Semiurbano 0,3 4,2 0,3 4,2
Urbano 2,3 36 2,7 43,4
TOTAL 6,3 100 6,3 100

Legenda

. Floresta

Eucalipto

B watiz
. Semi-urbano
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Caladinho %

Rio Piracicaba —}

Figura 5. Disposi¢ao e composi¢do das margens dos principais cursos d’agua nas sub-

bacias do rio Piracicaba (bacia do ribeirdo Caladinho e bacia do ribeirdo Caladao).

As bordas representam atualmente 18,09% da area de estudo, equivalente a uma
area de 11,63 km? Sdo compostas basicamente por matriz (37% ou 4,26 km?), floresta
(27% ou 3,06 km?) e urbano (23% ou 2,68 km?) (Tabela 3). Com a expansdo urbana,

alteraram-se as proporcdes de unidades de borda. As bordas da matriz diminuiram em
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aproximadamente 1/4 e a borda urbana praticamente duplicou. Foram encontrados 10

tipos diferentes de borda. A borda Floresta x Matriz diminuiu em 230 m? e Eucalipto x

Matriz, 110 m? A borda Floresta x Urbano aumentou em quase 1/3, e Eucalipto x

Urbano, o aumento foi de exatamente 2/3 (Tabela 4).

Tabela 3: Comparacao temporal entre as areas das unidades que compde a borda (em

km?).
Bordas 1989 1989 (%) 2009 2009 (%)
Floresta 3,08 26 3,06 27
Eucalipto 084 7 084 7
Matriz 569 49 426 37
Semiurbano 066 6 0,66 6
Urbano 1,37 12 2,68 23
TOTAL 11,63 100 11,2 100

Tabela 4: Comparacdo temporal entre diferentes areas que dividem borda em comum

(em km?).
Bordas 1989 1989 (%) 2009 2009 (%)
Floresta x Matriz 517 44 494 43
Floresta x Eucalipto 043 4 043 4
Floresta x Urbano 0,44 4 064 6
Floresta x Semiurbano 012 1 012 1
Eucalipto x Matriz 1,13 10 1,02 9
Eucalipto x Urbano 0,06 1 0,18 2
Eucalipto x Semiurbano 0,06 1 006 1
Matriz x Urbano 3,09 27 2,99 26
Matriz x Semiurbano 0,73 6 0,73 6
Urbano x Semiurbano 0,40 3 0,40 3
TOTAL 11,63 100 11,52 100

Foram encontradas 11 tipos de convergéncia em 1989, sendo que com a

expansdo urbana (2009), surgiram mais 2 novos tipos (Tabela 5). A area de

convergéncia corresponde atualmente a 335,2 m?. A maior area de convergéncia, restrita

entre Floresta x Matriz x Urbano, apresentou algum crescimento (de 31% para 37%),

enquanto as outras unidades de convergéncia, compostas principalmente de matriz e
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semiurbano (cada uma com aproximadamente 15% da paisagem), apresentaram

diminuigoes.

Tabela 5: Comparagdo temporal entre as areas das unidades de convergéncia (em m?).

Convergéncias 1989 2009
Floresta x Eucalipto x Matriz 0,152 0,122
Floresta x Eucalipto x Urbano 0,000 0,017
Floresta x Eucalipto x Semiurbano 0,012 0,011
Floresta x Matriz x Urbano 0,310 0,378
Floresta x Matriz x Semiurbano 0,151 0,138
Floresta x Urbano x Semiurbano 0,128 0,117
Eucalipto x Matriz x Urbano 0,031 0,018
Eucalipto x Matriz x Semiurbano 0,023 0,022
Eucalipto x Urbano x Semiurbano 0,025 0,023
Matriz x Urbano x Semiurbano 0,154 0,141
Floresta x Eucalipto x Matriz x Semiurbano 0,004 0,004
Floresta x Urbano x Matriz x Semiurbano 0,010 0,010
Floresta x Eucalipto x Matriz x Urbano 0,000 0,001
TOTAL 307,2 3352

A Tabela 6 mostra o valor dos indices quantitativos e qualitativos aplicados na

andlise da estrutura da paisagem. Estes resultados, apesar da pouca diferenca encontrada

nos valores dos indices no intervalo de 20 anos, mostram o pequeno aumento da

complexidade na paisagem. N&o houve alteracdo no nimero e no tamanho dos

fragmentos nestes 16 anos. A area de estudo permaneceu com 53 fragmentos sendo que

seis deles sdo mata ciliar do rio Piracicaba.

Tabela 6: Comparacéo temporal entre os indices de estrutura da paisagem.

indice 1989 2009
Riqueza de Unidades 5 5
Diversidade da Paisagem 1,38 1,42
Equabilidade da Paisagem 0,856 0,882
Dominéncia da Paisagem 0,231 0,189
Diversidade Espacial 1,011 1,084
Proporgao dos pontos de convergéncia  0,48%  0,53%
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Discussao

As unidades de paisagem definidas neste estudo, pastagem (matriz), urbano,
semiurbano, eucalipto, floresta, borda e convergéncia, sdo unidades que definem o uso
do solo e a ocupacao territorial do municipio de Coronel Fabriciano. Tendo como base,
uma abordagem histérica, 0 municipio, por localizar-se entre dois grandes polos
metallrgicos (Ipatinga e Timoéteo), teve seu crescimento baseado no setor terciario,
onde sua economia é basicamente voltada para os servigos. Sendo um municipio que
abriga muitos dos trabalhadores destas duas outras cidades, a expansdo urbana se deu

em suas areas periféricas, ao norte, sobre a unidade matriz ou pastagem.

Pode-se ainda considerar uma pressdo moderada que a unidade eucalipto exerce
sobre a paisagem. O reflorestamento por eucalipto com fins para a producéo de celulose
é uma atividade que exerce grande pressdo sobre a paisagem na regido leste do estado
de Minas Gerais, entretanto, somente 12,3 % da extensdo territorial de Coronel
Fabriciano é ocupado pelo eucalipto, um valor significativo, mas pequeno se
considerarmos outros municipios da regido. O eucalipto é fonte de renda para varias
familias da regido que participam principalmente na época do corte das arvores.
Contudo, sem duvida, por ser uma monocultura arbdrea, sua ocupacdo limita a
distribuicdo de um grande numero de espécies animais, apesar de que areas cultivadas
com essas culturas poderiam ajudar no sequestro de carbono do ambiente. Além disso,
em boa parte do estado, as paisagens mostram as unidades eucalipto ocupando uma

extensdo inferior aquela das pastagens.

Sendo em conjunto com a area urbana a principal unidade componente da
paisagem neste estudo, a pastagem, denominada aqui como unidade matriz, ocupou 35

% do municipio e possui uma larga faixa de borda com a area urbana da cidade. Por ser
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formada principalmente por vegetagdo herbacea, sua participacdo nos limitrofes
urbanos, pode trazer inlmeras consequéncias para 0 municipio como a erosdo pela
exposicdo do solo e desmoronamento de terras, principalmente na época de chuvas,
desgaste do solo, e podem servir como corredores para a dispersdo de organismos

vetores de doencas parasitarias como mosquitos, moscas e carrapatos.

Foi sobre a area de pastagem que se deu o crescimento da area urbana entre
1989 e 2009 na cidade de Coronel Fabriciano, onde houve mudangas significativas nas
unidades de Floresta, Eucalipto e Semiurbano durante este periodo. Dado que a area
ocupada por reflorestamento de eucalipto ndo sofreu alteracfes nestes Gltimos 20 anos
dentro da paisagem de estudo, um aspecto positivo foi o fato das areas de florestas, dada
principalmente por fragmentos pequenos e médios de Mata Atlantica, também néo
sofreram redugdo perceptivel na escala utilizada. O local onde se insere hoje o
municipio de Coronel Fabriciano, foi outrora ocupado por uma grande extensao de Mata
Atlantica, onde seus remanescentes podem ainda ser vistos em outros municipios do
leste mineiro. Seu maior local de protecdo estd na area ocupada hoje pelo Parque

Estadual do Rio Doce, localizado nos municipios de Marliéria e Timdteo.

A reducdo observada nas areas de pastagem se deu principalmente devido ao
crescimento da area urbana sobre estes locais, pois 0 aumento observado de area urbana
foi acompanhado de reducdo na area de pastagem, sendo que esta ocupava 43% da
paisagem do municipio em 1989 e hoje ocupa 35%. Os dados mostram que esse
crescimento urbano ocasionou um novo fenbmeno — a maior parte da extensdo dos
cursos d agua do municipio estdo dentro da area urbana, com um aumento de 36% para
43,4%. Esses dados enfocam que o crescimento urbano, dado muito em funcéo de novos
loteamentos nas areas periféricas do setor norte do municipio, segue 0s cursos d agua.

Esta nova pressdo sobre estes pequenos ribeirGes gera um maior aporte de residuos
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domésticos, uma vez que estas novas ocupagdes ndo trazem consigo redes de
esgotamento sanitério eficientes. O destino final para os rios das sub-bacia do Calad&o e
sub-bacia do Caladinho é o Rio Piracicaba que corta 0 municipio ao sul. A bacia do
ribeirdo Caladdo, a principal do municipio, possui sua extensdo de cursos d agua
passando pela &rea urbana, mas também sofre pressdo das zonas de eucalipto e
pastagem nas suas periferias. A perda de diversidade faunistica, além da perda das
zonas ripérias constituida por matas ciliares, € uma consequéncia da expansdo urbana

sobre estes cursos d agua.

Outra consequéncia da expansdo urbana observada neste estudo, foi a
modificagdo das proporcdes das bordas entre as diferentes unidades da paisagem. Um
aspecto preocupante desta modificacdo foi que, com o aumento da &rea urbana, esta
unidade se aproximou da unidade floresta, de forma que os fragmentos de Floresta
Atlantica estdo agora mais proximos da zona urbana. Os dados mostram que a area de
borda Floresta x Urbano aumentou em quase 1/3 sua extensdao. Como a grande pressao
que a area urbana pode exercer em areas naturais e fragmentos de florestas, 0 municipio
deve incluir em seu plano diretor medidas cabiveis que protejam estes remanescentes,
uma vez que os efeitos de borda exercidos pela area urbana sobre estes fragmentos
florestais podem, em um curto periodo de tempo, reduzir a diversidade floristica e
faunistica, além da propria reducdo do fragmento. A manutencdo dos sistemas bidticos
naturais é de fundamental importancia para a salde dos ecossistemas como um todo,
mesmo para a area urbana. Além do que, a prépria manutencdo desses fragmentos
florestais reduz os efeitos da poluicdo exercidos pelas metaltrgicas locais por meio do
sequestro de carbono, além da suavizacdo dos efeitos de aquecimento local,

caracteristico da propria regido, e global.
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A aproximacdo da area urbana com os fragmentos de mata nestes ultimos 20
anos na paisagem de estudo, também pode ser comprovada quando se analisou as zonas
de convergéncia da paisagem. A &rea de convergéncia Floresta x Matriz x Urbano
mostrou um crescimento de 31% para 37%. Podemos considerar que estes pequenos
ecotopos entre unidades naturais e artificiais sdo componentes comuns em estudos de

paisagem que abordam zonas de intersecdo no uso do solo de atividades humanas.

Os indices de Diversidade e Equabilidade da Paisagem demonstraram o0 aumento
da homogeneidade na distribuicdo das areas ocupadas ao longo dos 20 anos. Para a
Dominéncia da Paisagem, os valores demonstram uma diminui¢gdo na dominéncia da
paisagem. O indice de Diversidade Espacial demonstrou o aumento da complexidade da
paisagem. Das cinco unidades de paisagem encontradas, apenas nas unidades urbana e

matriz foram observadas alteragdes em suas areas.

A avaliacdo temporal demonstrou que a expansdo urbana alterou as areas de
unidades da paisagem. Em geral, as areas de centro e convergéncia aumentaram, e as

areas de bordas diminuiram.

Ocorreu 0 aumento da unidade urbana e a diminuicdo da matriz. As areas que
antes eram areas de matriz foram sendo urbanizadas durante este periodo, mas as areas
semiurbanas permaneceram inalteradas. Deve-se levar em conta a ordem de &reas de
ocupacao semiurbano — matriz. A matriz geralmente se apresenta abandonada e por isso,
apresenta riscos ambientais como em alguns casos, exposi¢do e lixiviagdo do solo,
mesmo assim, foi ocupada primeiramente. Mas esta expansdo deveria ter ocorrido
primeiramente sob as areas semiurbanas, visto que elas ja apresentam alguma estrutura
urbana e riscos ambientais maiores que a matriz, onde a tendéncia é de correcdo da

exposicao do solo, além de aproveitamento de sua estrutura.
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Deve-se evitar a expansdo proximo aos fragmentos, pois estes, sofreram grandes
pressdes em suas bordas com a expansdo aqui observada. Algumas destas areas estdo
com seus projetos embargados por leis ambientais, e, por isso, continuam gerando
prejuizos ambientais, como é o caso de um loteamento localizado dentro da area deste
estudo. Este loteamento apresenta exposicdo do solo, lixiviagdo e grandes erosdes, que
como consequéncia, assoreiam a lagoa e o ribeirdo Caladinho, causando grandes

enchentes.

As unidades de floresta e eucalipto ndo sofreram alteracfes nas areas centrais,
mas com a alteracdo da paisagem, sofreram mudancas em suas bordas. Como
consequéncia da expansdo urbana, sua borda praticamente duplicou, levando a
alteragBes principalmente nas bordas da matriz. Varias areas de crescimento urbano
atingiram as bordas da floresta e eucalipto. A alteracdo da borda da floresta e eucalipto é
um resultado negativo visto que a matriz exerce uma pressdo menor que a urbana. As
areas de convergéncia também demonstraram a pressao da expansdo urbana sobre a

matriz e floresta.

A elaboracdo de planos diretores urbanos e planos plurianuais de investimento,
em conjunto com a avaliacdo de impactos ambientais dos grandes projetos urbanos sdo
atividades que devem ser executadas levando-se em conta as necessidades da populagédo
e enfocando a salde dos ecossistemas. Nos centros urbanos, a definicdo sobre volume e
espacializacdo dos investimentos em infraestrutura de servigos urbanos como a
expansdo das redes de abastecimento de agua, esgoto, energia elétrica e pavimentacao, a
decisdo sobre localizagdo de novas escolas e postos de saude e o planejamento da oferta
e roteiro das linhas de Onibus e dos servicos de coleta de lixo sdo tarefas do

planejamento e gestdo urbana que necessitam de conhecimento circunstanciado da
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dindmica de crescimento das distintas zonas, bairros e distritos dos municipios (Januzzi,

2007).

Além disso, projecOes populacionais para os dominios municipais vem sendo
cada vez mais requeridas para permitir 0 monitoramento e a avaliagdo de programas
sociais, ja que constituem o denominador de varios indicadores sociais (Januzzi, 2007).
O presente estudo traz a possibilidade da utilizagdo do geoprocessamento dentro da
perspectiva da ecologia da paisagem como instrumento na pratica profissional da
vigilancia em saude e meio ambiente, especificamente para a elaboragdo de diagnostico
ambiental de uso comum aos gestores na atividade de planejamento e programacéo local

em suas areas de abrangéncia.

Os resultados aqui fornecem uma base geografica de informacdes com
possibilidade de subsidiar estudos pertinentes ao campo da vigilancia ambiental e saude.
A paisagem do municipio de Coronel Fabriciano apresentou mudancgas nas areas das
unidades urbana e matriz no periodo entre 1989 e 2009. Houve uma expansdo urbana
sob a matriz pastagem, mas nao foram ocupadas as areas semiurbanas. Ndo ocorreram
alteracdes na area de remanescentes de floresta e eucalipto, mas com a expansdo urbana,
alteraram-se as bordas, sendo que os remanescentes passaram a sofrer maiores pressdes
da éarea urbana. As margens dos cursos d’adgua também apresentaram crescimento da
area urbana. Devem ser realizadas acdes estratégicas, baseadas no estudo da estrutura da
paisagem para acfes conservacionistas, tanto da biodiversidade, quanto do proprio

planejamento urbano.
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Capitulo 3

O Espago Geografico e a dengue
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Resumo

O proposito do artigo foi de analisar a dindmica espacial e temporal de dengue na
cidade de Coronel Fabriciano, Minas Gerais, Brasil. Os casos de dengue foram obtidos
na Secretaria Municipal para o periodo de 2009. Foram incluidos no estudo os casos
suspeitos e confirmados. Foram obtidas shape files contendo informac@es sobre o limite
municipal, limite da &rea urbana, setores censitarios, areas com construcles e areas
naturais. Foi quantificado o crescimento em area quadrada e as principais regides onde
se verificou a expansdo urbana. Com base na distribuicdo dos casos de dengue o
estimador de Kernel foi utilizado para medir a dispersdo destes casos. Casos de dengue
notificados foram georreferenciados em ambiente SIG. A paisagem mostrou mudancas
nas unidades de zona urbana e pastagem, no periodo estudado. Foram observados um
crescimento urbano sobre a matriz de pastagem, contudo ndo foram observadas
alteracbes nas areas de floresta remanescente e eucalipto. H& grupo de casos
distribuidos espacialmente com uma tendéncia de formar aglomerados. Foram
diagnosticados casos de dengue espacialmente agrupado na regido norte da cidade, onde
novos bairros surgiram nos Gltimos anos, acompanhando o crescimento populacional
sem estrutura adequada de urbanizacdo e planejamento. Além disso, o crescimento
urbano tem levado a uma abordagem de fragmentos florestais nativos com mais efeitos
de borda, reduzindo a margem de cursos d'agua e fornecendo um solo nu, adequado
para 0 acumulo de lixo e a formacéo de criadouros de mosquitos. Fica, mais uma vez
constatado, que politicas publicas eficientes e planejamento urbano adequado podem
reduzir o impacto da dengue.

Palavras-chave: dengue, Aedes, distribuicdo espacial da populacdo, satde publica

Abstract

The aim of this study was to analyze the spatial and temporal dynamics of dengue fever
in the city of Coronel Fabriciano, Minas Gerais State, Brazil. Dengue cases were
obtained from the Municipal Secretary of Health for 2009. The study included the
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suspected and confirmed cases. It were obtained shape files containing information
about the municipal boundary, boundary of the urban area, census tracts, areas with
buildings and natural areas. Growth was quantified in square area and the main regions
where there has been urban sprawl. Based on the distribution of dengue cases the Kernel
estimator was used to measure the dispersion of these data. Dengue cases reported were
geocoded in GIS environment. The landscape showed changes in the units of urban area
and pasture in the period studied. We observed an urban growth over the pasture matrix.
No changes were observed in the areas of remaining forest and eucalyptus. There is a
grouping of cases in space with a tendency to form clusters. It were diagnosed cases of
dengue spatially clustered in the northern region where new neighborhoods have
emerged in recent years following the population growth without proper structure of
urbanization and urban planning. In addition, urban growth has led to an approach to
native forest fragments with more edge effects, reduced the margin of watercourses and
providing a bare soil, suitable for accumulation of trash and formation of breeding sites
for mosquitoes. It is again noted that efficient public policies and appropriate urban
planning might reduce the impact of dengue fever.

Key-words: dengue, Aedes, residence characteristics, public health

Introducéo

O crescimento urbano pode afetar negativamente a salde da populacdo quando
as medidas de planejamento de novas éreas habitacionais ndo sdo feitas corretamente *.
O aumento da urbanizacdo, o desenvolvimento econdmico e a expansao do nimero de
locais como potenciais criadouros permitiram aos Aedes aegypti invadir novamente a
América do Sul nos anos 70, aumentando assim a incidéncia de dengue e de febre
hemorragica do dengue 2. A reemergéncia da dengue em conjunto com a expanséo das
&reas do seu vetor s3o de fato atualmente, um problema mundial *. Muitos fatores estdo
associados com a dengue, entre estes podemos destacar aqueles associados as condicoes
climaticas como a temperatura, umidade, regimes regionais de precipitacdo *, el nifio;
aqueles associados as condi¢des socioecondémicas como saneamento e coleta de lixo
deficiente, auséncia de rede de &gua potavel, baixas condi¢es de renda, acumulo de
lixo; e aqueles fatores relacionados com o aumento da probabilidade de contato entre o

vetor e 0 hospedeiro em um episodio epidémico, como a proximidade das habitacdes, o
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fluxo populacional, aumento e rapidez das viagens intercontinentais. Esta
transmissibilidade tem sido estudada considerando o desenvolvimento de modelos
matematicos que explicitamente descrevem 0s mecanismos envolvidos na transmissao
do agente patogénico entre hospedeiro e vetores °.

O principal vetor do virus dengue é 0 mosquito Aedes (Stegomyia) aegypti,
Linnaeus, 1762 °. Este inseto tem conseguido explorar o ambiente antrépico, que
fornece condigdes adequadas de sobrevivéncia do adulto e enorme variedade de habitats
para os estadios imaturos, favorecendo o aumento da densidade e a dispersdo ativa e

passiva do vetor ’

. A situacdo agrava-se pelas condicbes precarias de saneamento
ambiental, e pela utilizacdo intensa de recipientes descartaveis e ndo biodegradaveis
como os de plastico e de vidro ®°. Vale considerar as alteracdes climaticas e os
movimentos migratérios do homem que fornecem condigdes ideais para o

desenvolvimento do mosquito, para a circulacdo do virus em diversas areas e para o

desenvolvimento do virus dentro do organismo do vetor °.

Os virus da dengue (DENV) '* estdo atualmente em circulacdo no Brasil
provocando epidemias em varias regides **. Ap6s a grande epidemia causada pela
introducdo do DEN-3 no Brasil em 2002, os sistemas de notificacdo utilizados pelos
municipios em todo o pais detectou o virus DEN-1 recirculando, afetando um grande
nimero de pessoas suscetiveis 2. O DEN-4 tem atraido recentemente a atencdo do
publico por causa da epidemia em diversas regides do pais, afetando individuos
imunocompetentes *, sendo que no Brasil, a vigilancia da dengue centra-se na deteccdo

de casos 1?13,

A analise da dispersdo da infeccdo através de sistemas interligados de
populacdes, tais como centros urbanos, é de grande importancia e atrai consideravel

interesse, em especial, para o planejamento de resposta a doengcas emergentes
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pandémicas ***. O padrdo temporal epidemioldgico da dengue é caracterizado por
epidemias periodicas com ciclos inter-epidémicos, mostrando variagbes sazonais no
tamanho da populagcédo do vetor e com prevaléncias de determinados sorotipos que
variam na dominancia ao longo do tempo e do espaco ™. A anlise da paisagem,
utilizando técnicas de analise espacial pode fornecer ferramentas para um melhor
planejamento urbano, permitindo uma melhor qualidade de vida e preservacdo de areas
naturais. Surtos de dengue em cidades grandes tem entre outros fatores, da expanséo
urbana, o nimero elevado de locais de reproducdo do mosquito, altas temperaturas e
grande nimero de pessoas suscetiveis. Neste sentido, 0 mapeamento de doengas tem
sido um instrumento basico no campo da satde publica. Desde os anos 1990, as técnicas
de analise foram melhoradas para gerar mapas de identificacdo de areas de risco,
resultando em atencéo diferenciada a ser dada pelos servicos de satde ° e eles tém sido

amplamente utilizados para compreender a dindmica de doencas infecciosas ***".

Para tanto, o presente estudo teve como objetivo avaliar o desenrolar das
epidemias de dengue, tendo como cenario o crescimento urbano do municipio de
Coronel Fabriciano, Minas Gerais; e, assim, identificar fatores de associac¢do de surtos
epidémicos de dengue, correlacionando os focos de acometimentos com areas de

expansdo urbana, dentro do municipio estudado.

Material e Métodos
Area de estudo

O municipio de Coronel Fabriciano esta localizado no Vale do Rio Doce, na
regido leste do estado de Minas Gerais (19°30'52" S, 42°37'31" W). Abrange uma area

de 221 km?, com 103.724 habitantes, segundo Censo 2010 do Brasil %, incluindo uma
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zona rural composta principalmente por plantagdes de eucalipto e uma area urbana. Esta
regido foi industrializada hd mais de 40 anos, mas as areas de transicdo com
caracteristicas rurais persistem na area periférica da cidade. Durante o periodo de estudo
as médias de temperatura e precipitacdo foram de 22°C e 177 mm, respectivamente. A
regido faz parte da Depressdo Interplanaltica do Médio do Rio Doce, na qual possui
mais de 140 lagoas além de brejos e alagados, formados ha 10 mil anos, sendo assim
criadouros naturais de Aedes albopictus. Por outro lado, também foi foco de febre
amarela no periodo da construcdo da Usiminas. A baixada do Melo Viana foi um brejo
antigamente e hoje apresenta inundacges periddicas e brejos permanentes no bairro

Belvedere.

Amostragem

Foram obtidas para o municipio de Coronel Fabriciano ortofotos aéreas datadas
de 1989, confeccionadas pela Companhia Energética de Minas Gerais (Cemig), em 4
cartas na escala de 1:10.000. Estas cartas foram digitalizadas com definigéo de 400dpi e
montadas em ambiente de Sistemas de Informagdo Geogréfica (SIG). Em 2009, foram
visitados e georreferenciados todo o perimetro do municipio incluindo a area urbana, as
florestas remanescentes e de cultivo. Com o auxilio de GPS (Global Positioning
System), cuja precisdo variou entre 6 e 15 metros, foram obtidas as coordenadas

geograficas do entorno destas areas formando poligonos das unidades de paisagem.

Os casos de dengue foram obtidos a partir da Secretaria Municipal de Salude de
Coronel Fabriciano, onde foram levantados o nimero de casos notificados adquiridos
para o periodo de 2009. Foram incluidos no estudo os casos suspeitos e confirmados de

dengue de acordo com o aparecimento de sintomas durante o periodo de estudo. As
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definicBes de casos provaveis e confirmados de dengue em uso pelo sistema de salde
brasileiro sdo os especificados pela Organizacdo Mundial de Satde (OMS) *°, ou seja,
um caso de dengue foi classificado como provavel onde febre ou calafrios estavam
presentes, além de pelo menos dois sintomas entre mialgia, artralgia, dor retro-orbtial,
erupcao cutanea, dor de cabeca, ou alguma manifestagdo hemorragica (por exemplo,
petéquias, hematlria, hematémese, melena). Apenas uma pequena porcentagem dos
casos de dengue provaveis foram confirmados atraves de testes de anticorpos IgM pelos

laboratdrios regionais.

Foram obtidas para o ano de 2009, shape files contendo informagdes sobre o
limite municipal, limite da &rea urbana, setores censitarios, areas com construgdes e as
unidades da paisagem ndo-urbanas além das observacGes e confirmagdes em campo.
Para a avaliagdo do crescimento urbano, as informac6es dos mapas foram sobrepostas
sobre 0 mapa gerado; assim sendo quantificado o crescimento em &rea quadrada e as

principais regides onde se verificou a expansao urbana.

Em sequéncia, foram utilizadas as notificacdes dos casos semanais no periodo de
estudo, distribuidos em 52 semanas epidemioldgicas. Inicialmente, para cada caso
notificado, foi realizado o georreferenciamento dos enderecos com a ferramenta da

internet (www.gpsvisualizer.com), a qual utiliza como base o banco de dados

geograficos do Google, sobre um mapa de base digital contendo os limites da cidade,

utilizando SIG.

Com base na distribuicdo dos casos de dengue ao longo da cidade, o estimador
de Kernel foi utilizado para medir a dispersdo destes casos, possibilitando assim,
proceder as andlises, confrontando acometimentos, expansdo urbana e foco do vetor. A

analise espacial foi realizada utilizando ArcGIS™ 9.3,
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Resultados

No periodo de estudo identificaram-se 3389 casos de dengue, dados estes
notificados pela Secretaria Municipal de Saude de Coronel Fabriciano. A incidéncia
acumulada do periodo atingiu o alto valor de 3271,22 casos por 100 mil habitantes. Os
casos notificados de dengue seguem um padrdo temporal ja conhecido para muitos
estados brasileiros, onde nota-se um crescimento dos casos nas primeiras semanas do
ano (Figura 1). O aumento no nimero de notificages mantem-se durante os meses de
janeiro, fevereiro, marco e abril, e tende a reduzir a partir de maio. Pode-se verificar um
padrdo endémico a partir deste momento onde a epidemia perde forca, mas casos

pontuais sdo notificados durante todo o ano.

Figura 1. Numero de casos de dengue notificados durante as 52 semanas

epidemioldgicas em Coronel Fabriciano, MG, no periodo de estudo (2009).
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De acordo com a Figura 2, fica evidenciado um padrdo de dispersdo espacial
dos casos de dengue em Coronel Fabriciano pelo estimador de Kernel. A onda
epidémica deu inicio no norte da cidade, espalhando-se rapidamente para as areas
centrais. Na semana 9 pode-se ver o enfraquecimento da onda epidémica no setor norte,
que esta sendo desviado para o nordeste da cidade. Entre as semanas 10 a 15, percebe-se
0 esgotamento dos casos em areas do norte e a presenca de pontos quentes (hot spots) na
regido mais central, além da ocorréncia de um ponto quente no setor sul da cidade. Os
casos estdo esgotados até a semana 18, com poucos casos restantes. Apos 22 semanas
alguns casos isolados ocorrem na cidade, o que mostra o padrdo de dengue endémica
nesta regido. O estimador de densidade de Kernel também foi aplicado neste estudo para
localizar hot spots dos casos de dengue em Coronel Fabriciano. As &reas de cor escura

na Figura 4 sdo pontos com densidade maxima de casos de dengue.

Figura 2. Mapa de densidade de Kernel dos casos de dengue no municipio de Coronel

Fabriciano/MG entre as semanas 1 e 22 (2009)
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A paisagem mostrou mudancas nas unidades da zona urbana e pastagem, no
periodo entre 1989 e 2009. Observamos um crescimento urbano sobre a matriz de
pastagem. N&o foram observadas alteracGes nas areas de floresta remanescente e
eucalipto. A érea total estudada do municipio de Coronel Fabriciano corresponde a
63.667 km?. Foram identificadas 05 (cinco) unidades na paisagem: matriz (pastagem),
urbano, semiurbano, eucalipto e floresta (Figura 3) As areas de centro das unidades de
paisagem ocupam atualmente 81,39% da &rea de estudo, sendo que sua maioria €
composta pela matriz (35%), urbano (27,1%), floresta (22,5%) e eucalipto (12,3%). N&o
houve diferencas quanto as areas das unidades de Floresta, Eucalipto e Semiurbano, mas
foi observadas diferencas nas areas de matriz e urbana. Ocorreu um aumento na area
urbana entre os anos de 1989 e 2009 (de 19,1% para 27,1%) (t=-5,309; gl=85; p<0,001)

e uma reducgdo na area de matriz neste mesmo periodo (de 43% para 35%) (t=5,276;
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gl=85; p<0,001). As bordas representam atualmente 18,09% da &rea de estudo, sendo
compostas basicamente por matriz (37%), floresta (27%) e urbano (23%). Com a
expansdo urbana, alteraram-se as proporcdes de unidades de borda. As bordas da matriz
diminuiram em aproximadamente 1/4 e a borda urbana praticamente duplicou,
aumentando o contato entre a unidade urbana e florestal, consequentemente,

aumentando a pressao urbana sobre a mesma.
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Figura 3. Comparativo do crescimento urbano sobre a matriz de pastagem, Municipio

de Coronel Fabriciano/MG, entre 1989 e 2009
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Figura 4. Comparativo da expansdo urbana (perimetro urbano e semiurbano),

Municipio de Coronel Fabriciano/MG, entre 1989 e 2009
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Discussao

Nas duas ultimas décadas, os quatro virus do dengue foram se alternando na
populacdo brasileira causando epidemias que variam em gravidade e entre regides
geogréficas **>?°. Com a alternancia de sorotipos no Brasil, o virus encontra em
periodos ciclicos, uma populacdo suscetivel que ndo esta imune a cepa predominante.
Fatores tais como o numero de individuos suscetiveis, os niveis de populacdes de
mosquitos, as caracteristicas fisicas e ambientais determinam a forca de infeccdo da

doenca % e explicam os surtos observados na regido estudada.

Os surtos de dengue, de forma sistematica, ocorrem em varios estados brasileiros
apos as condigdes climaticas favorecerem a reproducdo do mosquito no periodo

chuvoso e tmido %. No entanto, ndo s6 as condicdes climéticas podem fornecer pistas
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para a alta transmissdo de dengue em cidades como Coronel Fabriciano, que esta
localizada em uma regido de altas temperaturas médias e umidade. A suscetibilidade da
populagdo é outra caracteristica fundamental que deve ser explorado em modelos de

transmissibilidade .

As medidas de controle da dengue atualmente estdo focadas na participacéo
comunitaria e no controle de vetores e reducdo na fonte larval. No periodo de estudo
ocorreu um projeto de educacdo em sadde intitulado Escola Contra a Dengue, no intuito
de envolver as escolas sediadas em areas de maior notifica¢do, envolvendo os alunos da
propria comunidade do combate a dengue. Dos Vvarios projetos desenvolvidos pelos
proprios alunos, como apoio da Zoonoses, destacou-se a Gincana da Reciclagem, numa
escola do vetor Norte (bairro Manoel Maia), onde foram retirados do ambiente da
comunidade mais de 10.000 embalagens de materiais reciclaveis/depoésitos de larvas, e
doadas para a Coleta Seletiva do municipio *’. Um padréo de estagdes secas e (imidas é
tipico para a regido, e condi¢cdes quentes temperadas ocorrem ao longo do vale o qual
estd 0 municipio de Coronel Fabriciano. A dengue, sendo uma doenca transmitida por
vetor, € atualmente a mais importante arbovirose globalmente e é geralmente associada
a ambientes construidos em areas tropicais **. Temperatura quente, alta pluviosidade e a
posicdo geogréafica da cidade criou um local ideal para criadouros de populacdes de
Aedes aegypti, assegurando a sua sobrevivéncia ao longo do ano. Assim como outros
municipios, Coronel Fabriciano tem um programa de inseticidas e busca ativa de larvas
de Aedes que esté ativo durante todo o ano.

O surgimento dos casos de dengue que ddo inicio a onda epidémica na cidade de
Coronel Fabriciano ocorre naquelas localidades que experimentaram uma expanséo
urbana nos ultimos anos na regido norte do municipio. Esta regido caracteriza-se por ser

composta por localidades com uma presenca forte da interface urbano-rural, onde a
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infraestrutura urbana nova ainda apresenta deficiéncias que promovem a proliferagdo do
vetor e a rapida transmissao da doenca. Entretanto, alguns fatores podem ser levantados
para explicar como provaveis para explicar o inicio da onda epidémica nas areas ao
norte do municipio, sendo que podem estar atuando independentemente, ou em
conjunto, ou ainda formando um movimento sinérgico multicausal. S&o estes 0s
diferentes cenarios: estas areas de surgimento de surto sdo propicias a proliferacdo do
vetor, com grandes areas abertas onde se acumulam lixo e agua. A maior densidade
populacional de mosquitos nessa area propiciaria a transmissdo dar inicio nestes locais.
Além disso, o nivel socioeconémico inferior em relagdo a outras areas do municipio
favoreceria a transmissdo. Denota assim na literatura evidéncias sobre associagdes entre

condices socioecondmicas e incidéncia de dengue *%,

Em outro cenério, o vetor esta presente por toda a area urbana do municipio.
Mesmo com os indices entomoldgicos apresentando valores que variam entre 0s bairros,
sinalizando que a transmissdo da doenca se mantém mesmo em areas de baixa
densidade populacional do mosquito 2%, Com isso, os movimentos populacionais teriam
uma importancia. Um grande nimero de pessoas se desloca em um movimento diario
entre as areas centrais do municipio Do municipio e cidades vizinhas como Ipatinga e
Timoteo, também com surtos de dengue de estudo, onde trabalham ou utilizam dos
Servicos, e as zonas periféricas ao norte, onde residem. Entende-se aqui que as zonas de

transmissdo se dariam em um local diferente de onde se deu o inicio do surto.

Além desses fatores, a disponibilidade de suscetiveis nas areas ao norte poderia
ser um ponto importante na cadeia de transmissdo da dengue na cidade de Coronel
Fabriciano. Como ndo estdo disponiveis dados soroldgicos sobre o sorotipo circulante
para os diferentes bairros, ficou dificultada saber-se naquele momento, se a distribuicdo

de pessoas suscetiveis ao sorotipo epidémico dentro do municipio é heterogénea ou nao,
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de forma que um estoque de suscetiveis aliados as questbes socioecondmicas que
favorecem o vetor e 0 maior encontro entre este e 0 homem, seria 0 passo inicial para o

surgimento dos casos e 0 posterior inicio da epidemia nestas areas ao norte.

Gubler # argumenta que quatro fatores podem ser citados como principais
condicionantes do aumento da incidéncia e propagacdo da dengue atualmente: (i) falta
de um controle eficaz do mosquito, (ii) mudanca no estilo de vida da populacao, (iii) o
processo de urbanizacdo sem planejamento e (iv) a globalizacdo. Estes fatores,
isoladamente ou em conjunto podem influenciar a chance de epidemias de dengue em
uma regido, sendo que para interpretar as mudancas na frequéncia de casos de dengue
ao longo do tempo, os dados sorolégicos fornecem pistas importantes sobre a frequéncia
dos tipos virais circulantes nas populagdes levando em conta que o nimero de pessoas
suscetiveis é um fator importante para a forca de infeccdo de uma doenca 2. Dessa
forma, o sorotipo 3 da dengue predominou na maioria dos estados do Brasil entre 2002
e 2006. Entre 2007 e 2009, observou-se uma mudanca no sorotipo predominante, com a
substituicdo do DENV-3 pelo DENV-2 %% Essa mudanca levou & ocorréncia de
epidemias em um numero de unidades federais, com um deslocamento de casos graves
para as pessoas, em especial aguelas menores de 15 anos *. O monitoramento da
circulacdo de sorotipos em 2009 apontou para uma nova mudanca do sorotipo
predominante, com uma recirculacdo significativa de DENV-1. A recirculacdo do
DENV-1 aumenta a possibilidade de surtos em regides onde a populacdo ndo tem estado
em contato com o virus desde os anos 80. Como a circulacdo do DENV-2 ja foi
demonstrada para aumentar a proporc¢ao de doenca grave, especialmente em criangas e
adolescentes, incluindo aumento da demanda por internagdes hospitalares. O efeito da
recirculacdo do DENV-1 deve ser acompanhado de perto pelo servigo de vigilancia da

dengue em todos os niveis do sistema, uma vez que pode levar a um padrdo semelhante
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de casos em criangas, devido a reduzida circulagdo desse sorotipo durante a Ultima

década.

Como o monitoramento da circulacdo do virus da dengue no pais em 2009
apresenta uma maior proporcdo de isolamento do sorotipo DENV-1, isso pode ser
associado a transmissdo aumentada em alguns estados, evidenciando o sorotipo 4 a
partir de 2011 no pais. A maioria da populacéo brasileira ndo tem imunidade contra esse
tipo de virus, o que aumenta as chances de uma epidemia. O virus circula em 10 paises
nas Américas *!, incluindo a Venezuela, que faz fronteira com o estado de Roraima e

onde este tipo de virus da dengue provavelmente pode ter entrado no Brasil.

A onda epidémica vista neste estudo parece ter um carater unidirecional, onde as
notificacBes vao acontecendo naquele local até o esgotamento do minimo de suscetiveis

I. ¥ uma onda

para a manutencdo da epidemia naquele local. De acordo com Wen et a
epidémica é definida como uma sequéncia de semanas com a ocorréncia de casos
ininterruptas. Em Coronel Fabriciano, as areas urbanas em todo o municipio sdo
divididas em distritos, cada um com diferente tamanho da populacdo e uma chance de

infeccdo que pode diferir entre estes distritos que estdo sujeitas a diferentes condi¢oes

ambientais.

A dengue tem provavelmente uma distribuicdo espacial heterogénea sobre as
areas afetadas. Muitas regides sdo propensas a experimentar grande impacto de futuros
surtos, especialmente quando um novo sorotipo comeca a circular. Neste estudo, a
disseminacéo de casos de dengue visto para o periodo estudado oferece uma indicagéo
de que a epidemia de dengue evolui temporariamente e espacialmente, ocupando
diferentes areas dentro da cidade. Os pontos que evidenciaram mais casos atendidos

alocam-se na regido norte, local da primeira ocorréncia de casos de cluster, causando
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um esgotamento de suscetiveis neste ponto. Em seguida, os movimentos de ondas
epidémicas direcionam-se em outra dire¢cdo, com um grande nimero de pessoas em
risco de dengue. Estes bairros sdo caracterizadas por més condicBes sociais com 0
crescimento urbano recente e poucas condi¢Ges ideais de saneamento basico e
infraestrutura urbana; também, ha outras endemias ligadas ao saneamento como
esquistossomose (dados do PCE — Programa de Controle da Esquistossomose) que
acometem a regido norte. H& pouco tempo a &gua ndo era tratada e até hoje ndo ha

tratamento de esgotos na cidade.

Algumas limitagcbes podem ser estabelecidas neste estudo: as analises foram
conduzidas a partir de casos notificados de dengue pelos servigcos hospitalares a
Secretaria Municipal de Saude e ndo a partir dos casos laboratorialmente confirmados
de dengue. Na maioria dos municipios em Minas Gerais, o principal padrdo de
confirmacdo de dengue € o clinico, uma vez que poucos exames soroldgicos sao
realizados. O viés no estudo pode surgir a partir do momento em que 0s casos de
dengue podem ser subnotificados ou supernotificados durante o periodo epidémico nos
primeiros meses do ano. Isto advém do fato de outras doencas estarem inseridas na
sindrome febril ictérica aguda e sindrome febril ictérica hemorragica aguda (SFIA e
SFIHA), e assim, serem diagnosticadas e notificadas como dengue pelos servicos de

salide. Faz-se da importancia da utilizacdo de métodos mais eficazes de diagndstico.

Concluséao

Neste estudo, observamos casos de dengue espacialmente agrupados na regido
norte do Municipio estudado, onde novos bairros surgiram nos ultimos anos

acompanhando o crescimento populacional, sem estrutura adequada de urbanizacdo e
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planejamento urbano. Além disso, o crescimento urbano tem levado a uma abordagem
de fragmentos florestais nativas com mais efeitos de borda, reduzindo a margem de
cursos d'agua e fornecendo um solo nu, adequado para o acumulo de lixo, e a formacéao

de criadouros de mosquitos.

O mosquito Aedes aegypti frequenta os ambientes intra e peridomiciliar,
preferindo criadouros artificiais, tanto aqueles abandonados a céu aberto e preenchidos
pelas aguas das chuvas quanto aqueles utilizados para armazenar agua para uso
doméstico (latas, barris, caixa d’agua e outros) ou ornamentais. Os resultados obtidos
neste estudo mostraram a expansdo urbana, associada a condices climaticas e as
atividades humanas, propiciaram a dispersdo do vetor por toda a area urbana do

municipio, de forma oportunista.

Com a utilizacdo de técnicas de geoprocessamento para mapear as areas de focos
do mosquito vetor e dos casos de dengue, pode-se identificar os locais de maior risco de
transmissdo. Dessa maneira, as informagdes entomologicas e epidemioldgicas
notificadas pelos servicos de salde podem ser processadas no sistema, de maneira
rapida, possibilitando melhor visualizacdo e direcionamento das atividades de controle
da dengue. E, assim, politicas publicas eficientes e planejamento urbano adequado

podem reduzir o impacto desta doenca.
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Um olhar sobre o ambiente e a dengue
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Abstract — Dengue fever is a serious vector-borne disease which affects millions of
people and its high incidence is manifested especially in tropical countries, where
environmental conditions favour the development and proliferation of Aedes mosquito.
Year after year Minas Gerais state has been record in dengue cases and Coronel
Fabriciano Municipality, the most significant. Temperature and precipitation are
amongst the most included variables in statistical models to predict dengue transmission
and the time-lag between the rise of temperature and rainfall and the beginning of
epidemics is of great concern when considering dengue transmission models. It was
applied a distributed lag non-linear model (DLNM), a modelling framework that can
simultaneously represent non-linear exposure—response dependencies and delayed
effects, to establish the association between dengue incidence in a mid-size city in
Brazil and weather predictors, taking into account the delayed effects of exposure. For
analysis were used the weekly number of notified dengue cases during the period 2004-
2009 from Epidemiological Surveillance Division, Coronel Fabriciano. When
considering the rainfall, the highest relative risk (1.2) was observed for Lag 10.
Observing the cumulative effect of the precipitation, the relative risk for 12th and 13th
week was RR = 4. The highest risk, 1.25 was observed at 25°C, denoting that the risk of
dengue transmission increases with temperature. Provisions are needed even greater
control in warmer regions, according to the data produced with this study.

Keywords — Dengue fever, Lag non-linear model, Environmental conditions, Coronel
Fabriciano, Brazil.
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Introduction

This paper is about the applying a lag-time series model in order to establish the
association between dengue incidence and weather predictors taking into account the
delayed effects of exposure.

Dengue fever (DF) is a serious and potentially life-threatening infection caused by
one of four closely related dengue viruses [1]. DF is transmitted by the bite of an Aedes
mosquito infected with a dengue virus [1,2]. Common symptoms, which usually begin
four to six days after infection and last for up to 10 days, include high fever, headaches,
pain behind the eyes, severe joint and muscle pain, nausea, vomiting, skin rash, which
appears three to four days after the onset of fever [2]. Dengue infection can present a
more complicated symptom that include dengue haemorrhagic fever, characterized by
high fever, damage to lymph and blood vessels, failure of the circulatory system or the
dengue shock syndrome characterized by massive bleeding, shock, and death [3]. Each
year, approximately 100 million cases of DF occurs worldwide [2].

In Brazil, DF is endemic, with periods of high incidence in the wet and warm season
which depends on the circulating virus, the susceptible population and other factors that
include socio-economic and environmental conditions [4]. Currently there are no
vaccines available for the four serotypes. Systematically are increasing efforts on public
management to avoid focus for dengue vector, aside the awareness campaigns onto the
population to not leave stagnant water in their houses, since these can serve as potential
breeding sites.

DF epidemiology in Brazil follows periods of low and high incidences over the last
decades [5]. Large epidemics of DF caused by one of the four serotypes were common

in the most populated cities during the last years and with the arrival of DEN-4 in Brazil



new outbreaks couldn’t be avoided. In many countries of South America such as Brazil,
Colombia, Venezuela, there is a hyperendemic circulation of four serotypes of dengue
virus [6], causing epidemics that affect thousands of people and huge economic impacts.
Four factors can be cited as responsible for the increased incidence and spread of
dengue in these countries: lack of effective mosquito control, the change in lifestyle of
the urban population, unplanned urbanization, and globalization [7,8]. Urban growth has
provided ecological conditions that allow populations of Aedes aegypti to breed in close
association with human populations, creating ideal conditions for dengue transmission
[5,7].

Dengue has spread as a result of rapid urbanization [1,3], and its high incidence is
manifested especially in tropical countries, where environmental conditions favour the
development and proliferation of Ae. aegypti mosquito, principal vector of DF [4].
Several environmental and social factors are associated with DF epidemics and the
expansion of the vector like population growth, urban crowding, the precariousness of
public health services and a lack of public awareness [3]. Outbreaks often cause chaos
in the communities, resulting in considerable social upheaval and economic loss, both of
which are difficult to measure due to the paucity of reliable disease burden data [7]. The
vector constant presence in urban areas shows that this species has developed
significantly in environments artificially created by man to better ensure their survival
[9,10]. This vector is adapted to breed in domestic and peridomestic environments, and
proliferation often occurs in places with poor urban infrastructure and inadequate water
supply. This structure forces people to store water in tanks that become potential
breeding sites of Ae. Aegypti [11-14]. The mosquitoes are particularly successful at

spreading dengue because they feed almost exclusively on humans, are active during the
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day, and are found primarily in urban areas, where they breed in any container holding
water, like planters or waste tires [15].

Risk factors for DF include presence of vector, susceptible human population,
circulating virus serotype, health status of the patient, socio-economic conditions, and
environmental factors. Amongst the environmental factors, the temperature and
precipitation are the most cited and included in statistical models to determine and
predict dengue transmission in several parts of the world [16]. The time-lag between the
rise of temperature and rainfall and the beginning of an epidemic event is of great
concern when considering dengue transmission models. Studies have shown that the
dynamics of dengue is affected by many factors, including environmental and climate
factors, host-vector interactions and the herd immunity [17-19]. Temperature, relative
humidity and rainfall systems may directly or indirectly affect the breeding, survival,
development, reproductive rates and abundance of these Aedes mosquitoes by providing
suitable conditions for its survival, and could influence dengue spatial-temporal
distributions [20-22]. Those factors together could influence the risk of DF outbreaks
once this illness is sensitive to weather. The biological characteristic of Aedes mosquito
is directly influenced by the temperature and the amount of rainfall. Warmer
temperatures increase the chances that the vector and the virus will thrive. In raining
season, the heavy rain flushes away the egg, larvae, and pupae of Aedes mosquitoes in
the short term but it creates huge breeding habitat for mosquito in the long run [20].
Links between dengue and weather or climate data suggest the feasibility of predicting

DF [23-25].
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1. Subjects and Methods

1.1. Description of the study area

This study was conducted at Coronel Fabriciano Municipality (19°31'07" S and
42°37'44" W) which is located in Rio Doce Valley, eastern part of Minas Gerais State,
Brazil (Fig. 1). The city has a total area of 221.7 m? measuring 16km North-South and
12km East-West, with 104,173.00 inhabitants [26]. The urban area is surrounded by
peripheral areas with expressive populational growth in the last years. Is situated in a
large valley known as the valley of steel due to the large companies that explore and
produce stainless steel. This valley annually registers the highest incidences of dengue
in the Minas Gerais state. While the average elevation in Minas Gerais state is around
700 meters, Coronel Fabriciano has an average height of 250 meters, producing a micro
climate with high temperatures, excellent conditions for the proliferation of mosquitoes

and the subsequent disease transmission.

Brazil

Figurel. Study area: Coronel Fabriciano, MG, Brazil

1.2. Data collection

Data collection was performed in the Information System for Notifiable Diseases
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(SINAN), accessed through weekly number of notified dengue cases during the period
2004-2010 at the Municipal Health Department of Coronel Fabriciano. The population
data used was obtained from the Brazilian Institute of Geography and Statistics (IBGE),
based on the 2010 Census. For calculate the cumulative dengue incidence was
elaborated time series of the mean, minimum and maximum temperature, humidity and
precipitation, for the period studied (2004-2009), including five daily readings obtained

by local meteorological station coverage.

1.3. Statistical Analysis

It was used non-parametric Spearman Index to verify possible correlations among
meteorological data and number of cases of dengue fever [2,4]. So, was quantified the
association between weekly dengue cases and temperature across geographic regions by
correlating the mean temperature at week i with the number of dengue cases by date of
symptoms onset at week i+t where t is the natural time lag (in weeks) for changes in
temperature to be reflected on dengue activity.

Related to the temporal relationship between environmental factors and the
occurrence of DF cases, firstly were tested the correlation between peak rainfall and
peak discharge, which varied 0-20, with DF cases occurrence. Secondly, were used the
distributed lag non-linear models (DLNMs) which represent a modelling framework to
flexibly describe associations showing potentially non-linear and delayed effects in time
series data [27,28]. These models assumed that existent a temporal dependency between
exposure and outcome on the scale of lag, which represents the time interval between
the exposure event and the outcome when evaluating the delay effect. DLNMs allow for
delayed effects of linear relationships using a function, describing the dependency

between the outcome and lagged exposures.
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The main advantage of this method is the possibility to depict a detailed description
of the time-course of the relationship. Originally developed in econometrics [28], this
method has recently been used to quantify the health effect in studies on environmental
factors [28]. For this model, it was assumed that data had an overdispersion, a situation
where the variance of the response variable exceeds the mean. Var (Y i) > E (Yi), where
Var= variance of response variable and E (Yi) = mean of response variable. The model
was adjusted using the number of dengue cases as variable dependent and rainfall as
independent .Other environmental variables such as average temperature for each
epidemiological week and humidity of the same period were used as adjustment
variables. For all analysis, results were considered statistically significant with p-value
<0.05. Lag terms ranging from 1 to 20 weeks for temperature and precipitation were
created to analyse relative risks (RR) between weather predictors and dengue with effect
of different time lag. Cross-correlation coefficients of each weather variable and dengue
cases were examined to estimate maximum lag terms.

The main feature of DLNMs is their bi-dimensional structure: the model describes
simultaneously the potentially non-linear relationship in the space of the predictor and

along the new temporal dimension [27], as in eq. (1):

glu) = a+ §=1 Se Xx¢:By + K=1V kuck (1)

where put = E(Yt), g is a monotonic link function and Yt is a series of outcomes with t =
1, ..., n, implicit to arise from a distribution belonging to the exponential family.
Assuming that Y is affected by X with a time lag finite, that means, the influence of X
on Yt is exhausted after k periods of time at earlier, as in eq. (2) is possible define the

lag model finite of k periods of time.
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1.4. Ethical considerartions

Ethical clearance was obtained from the Ethical Committee in Research from the

Oswaldo Cruz Foundation, Ministry of Health, Brazil.

2. Results

During the period studied, 6,761 dengue cases were reported by Epidemiological
Surveillance Division. DF incidence strongly fluctuated from year to year, and between
months within a year (Fig. 2). There was a rise in DF notifications in 2008-2009 that
accounted for 74.8% of cases. DF cases decreased significantly between 2004 and 2007,
being considered as an inter-epidemic period. In South-eastern Brazil, DF cases occur in
the first months of the year, a period of warm temperatures and rainy season. From 2007
through 2009, a period of rise in dengue notifications, the total number of dengue cases
accounted for 64.1% of total cases for the whole period of study. DF cases reduced from
1406 cases in year 2002 to 123 cases in 2006 and then increased again after 2007 and
peaked in year 2009 with 3,389 cases. Cumulative incidence presented high levels in
this study. It decreased to 117.3 cases per 100,000 inhabitants in 2006 and raised again
in 2007, 2008 and 2009, which peaked to 3271.22 cases per 100,000 habitants. The year

of 2006 presented a low number of DF cases.
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Figure 2. Temporal series of dengue cases (black line), rainfall (grey bars, y-axis in
mm), mean, maximum and minimum temperature (three lines above, z axis in °C) and

relative humidity (gray line)

The largest volume of rain was recorded in 2004 with 112.7 mm. In the subsequent
years (2005-2007) there was reduction in the volume of rain (Tab. 1). The highest
average temperatures recorded were in 2007 (23.88°C), and in 2009 (23.87 °C). The
lowest average temperatures recorded were in 2009 (19.18 °C), and in 2005 (19.48°C).
The maximum average temperatures were recorded in 2007 and 2009, with 31.10 °C and
30.92°C, respectively. The increase in data of dengue cases occurred between 2006 and
2009 (123, 495, 1570 and 3389), but wasn’t necessarily accompanied by increase in
temperature; albeit there was a gradual increase of precipitation (52, 59 and 67.14 mm
between 2007 and 2009). In 2004-2006 were observed low values for the relative
humidity, and in 2007-2009, the relative humidity stayed at 87.65, 90.31 and 87.0,

however not following the increase in dengue cases recorded for this period.
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Tablel. Results obtained of environmental variables and Dengue fever cases during the

period studied

Period Rainfall Mean temperature Humidity DF
(mm) (o) cases
2004 112.70 22.99 9.67 431
2005 74.15 23.31 26.75 755
2006 68.70 23.38 19.32 123
2007 52.00 23.88 87.65 495
2008 59.00 23.452 90.31 1,570
2009 67.14 23.87 87.00 3,389

The highest correlation between dengue cases and periods of lag (in weeks) was

observed between lag 9 and10 (rho = 0.5008, rho = 0.5021, respectively) (Tab. 2).The

same results were observed by fitted DLNM application. The association between lag

and dengue cases shows an increase in value of the correlation between weeks 7 and 9,

stabilization in the correlation between weeks 9 and 10, and a reduction of correlation

between weeks 10 and 12.

Table 2. Values of the correlations observed by distributed lag non-linear model and

dengue fever cases

Lags Correlation values P-value
(week) (rho)

7 0.42 <0.005
8 0.46 <0.005
9 0.50 <0.005
10 0.50 <0.005
11 0.48 <0.005
12 0.46 <0.005
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The Fig. 3 shows the relationship between lag (weeks after rainfalls) and the relative
risk (RR) for dengue infection. The highest relative risk (above 1.2) was observed for

Lag 10, with a reduced risk after the 10" week.

Relative Risk
(

Lag

Figure 3. Relationship between lag (weeks after rainfalls) and the relative risk (RR) for

dengue infection

The Fig. 4 shows a cumulative effect of the mount of rainfall on Relative Risk for DF
infection, along lags. The average amount of precipitation was estimated in 80 mm?® per
week. When observing the cumulative effect of the precipitation, the relative risk is

shifted to the 12" and 13" week, with the value peaking RR = 4.
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Figure 4. Cumulative effect of the average amount of rainfall on Relative Risk for

dengue fever along lags.

The risk of dengue transmission increases with temperature. The risk to contract
dengue fever increases following an increase in temperature after 23.7° C
approximately (Fig. 5). The highest risk (1.25) was observed at 25.5°C approximately.
It can be observed from Figure 5 that low temperatures (under 23°C) could exert a
protective effect on dengue transmission, since the model indicated a risk value below
1. Relative humidity presented an almost linear relationship with the outcome variable,
the number of dengue cases. As increases the humidity, increases the occurrence of

cases of dengue, but not significantly.
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Figure 5. Effect of temperature on Relative Risk of dengue fever

3. Discussion

Our results showed that increasing mean temperature produced a direct effect by
increasing relative risk in dengue incidence significantly at lag strata 9 12; while
relative risk in dengue decreased minimally when mean temperature was above 27°C at
the same strata. Dengue incidence was associated with cumulative precipitation at lag
strata 12 _14. The impact of cumulative precipitation on dengue incidence was negative
at lag strata 1_2 as decreasing precipitation corresponded to increasing relative risk with
maximum effect at zero weekly cumulative precipitation. Nevertheless, relative risk of
dengue increased linearly with weekly cumulative precipitation at lag strata 5 8 and
9 12 and peaked at about 80 mm at lag 14 before declining. Increase in cumulative
precipitation showed highest relative risk of dengue incidence at lag strata 13_14. Risk
function of dengue and precipitation (weeks after rainfall) (Fig. 2) was shown as a
‘different’ shape at lag strata 0_20. The relative risk of dengue indicated opposite effect
as precipitation lag was between 1 and 2 and after 15. Post estimation plots indicated

good fit of model for the analysis.
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Studies have demonstrated a clear seasonal pattern of dengue occurrence influenced
by elevated temperature, relative humidity and duration of sunshine [20]. Brazil has
been suffering from dengue epidemics in recent decades. Further to this the fact, this
disease has well-defined seasonal cycles that vary with some regions [2]. In the present
study, we demonstrated the delayed effect of temperature and rainfall over the DF cases
in an urban setting, by using DLNM models. The temporal sequence of dengue in
Coronel Fabriciano, marked by clear patterns of precipitation, followed by an increase
in the number of dengue cases, is similar to patterns previously seen by other authors [2-
6]. A number of natural factors play a significant role in the strength of an epidemic,
especially temperature and precipitation but with a delayed effect. This delayed effect of
climatic variables on dengue incidence might be explained by climatic factors, which do
not influence directly the incidence of dengue but indirectly through their effect on the
life-cycle dynamics of both vector and virus. From beginning of the rainy season where
water accumulates and temperature rises to human case appearance, successive phases

occurs resulting in global cumulative lags [16].

In Minas Gerais state, rainfall, temperature and relative humidity start to increase in
December, following a rise in DF notifications during the next weeks. We observed that
the number of dengue cases is synchronized and correlated with the delayed rainfall and
temperature. The data show the number of dengue cases very low during the dry season
(from June to October) and presenting a peak during the summer and rainy season,
indicating the onset of transmission. Authors have shown that DF incidence was
associated with weekly cumulative precipitation where the relative risk of dengue
increased linearly with weekly cumulative precipitation at lag 5-8 and 9-12 [11,13,14].

Increase in cumulative precipitation showed highest relative risk of dengue incidence at
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lag 13-16 with a plateau effect when cumulative precipitation was between 75 and 150
mm [30].

Multivariate models that take into account the lag factor can provide better prediction
and might be implemented in routine for dengue surveillance, mainly in endemic
countries. This model has potentially and might be useful for the evaluation of new
intervention strategies introduced into cities which are affected with DF every year.
Gharbi et al. [16], using time series analysis, showed that the predictions over a period
of 3 months were the best way to implement appropriate prevention programs. This
study demonstrated a positive correlation between dengue incidence and climatic
variables such as relative humidity, minimum temperature and average temperature. The
predominant effect of these variables was observed after a 7 weeks-lag for the relative
humidity, 5 weeks-lags for the minimum temperature, and 11 weeks-lags for the
average temperature.

In order to minimize some limits founded DLNM model is important observed that
the time series analysis requires homogeneous data over long periods, and sometimes
are often difficult to obtain. Another point, the crude relationship between dengue
incidence and climatic variables shows that modification of the weather does not
necessarily affect dengue epidemics. Additionally, other variables including
socioeconomic should be incorporated in these lag-models in order to better predict

dengue transmission.

Others limitations encountered in dengue incidence studies are related to
asymptomatic and unreported cases that lead to underreported dengue cases.

Asymptomatic cases could be several times higher than reported cases.

The results presented here are consistent with previous studies which found that the

majority of dengue cases occurred in months with higher rainfall [20]. In South-eastern
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Brazil, the dengue season occurs in the rainy season, between December and April. The
analysis of cases of dengue and climate variables showed a positive correlation between
the disease and the maximum and minimum temperatures [31]. The relationship
between rainfall and dengue lies in the fact that rainfall affects adult female mosquito.
Density, as an increase in amount of rainfall, leads to more breeding sites which, in turn,
lead to an increase in the number of mosquitoes. The mosquito density is an important
variable measured by surveillance services in Brazil as a predictor of dengue incidences
in the urban centers. A high number of adult female mosquitoes would, in turn, increase
the probability of viral transmission and the elevated temperature would be associated
with an increased incidence of DF due to accelerated development rate of the virus and
increased mosquito biting rate, as well as, increased development rate of different
mosquito life stages and dengue virus replication. Higher temperatures enhance virus
replication and shorten the extrinsic incubation period in the vector whereas higher
relative humidity decreases adult mosquito mortality [20]. Also, the World Health
Organization consistently reports unrealistically low estimates of disease burden for
dengue. Moreover, most dengue endemic countries have only passive surveillance
systems that consistently underestimate the amount of dengue disease, especially mild
illness, atypical severe disease and deaths. Recent studies, however, have tried to more

accurately measure the actual disease burden and cost of dengue.

Weekly precipitation was associated with dengue incidence at lag of 7_12 weeks.
Increasing weekly cumulative precipitation posed increasing risk on dengue outbreak
until time lag of 14 weeks; whereas highest relative risk for weeks after rainfall peaked
at time-lag 10. Considering the findings, the seasonality of the mosquito population is
likely to be driven by temperature and precipitation [27]. Nevertheless, determinants of

the dengue incidence has not been addressed in this study, but were likely attribute to
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multiple factors such as vector control capacity, surveillance emphasis, herd immunity,
socioeconomic, environment, change of dengue serotypes, etc. The high DF incidences
reported in epidemic events in Brazil in the last decades may be due to a change in
dengue serotype from DENV-1 to DENV-2; from DENV-2 to DENV-3 and from
DENV-3 to DENV-4 in 2012. Also, serotypes prevalence change with region in Brazil
territory. The high number of susceptible population is one of the reasons for resurgence

of dengue incidence every year in different places of this country.

Climate variability between years may have direct impact on dengue incidence in
current and subsequent year. Inter-annual climate variability can be influenced by local
weather and EI Nino Southern Oscillation or ENSO phenomenon. In order to avoid
camouflage of temporal variations of weather, it is also essential to interpret the
associations by analysing both short and long-term weather variations [30]. Moreover,
as a 100,000 inhabitants urbanized city, Coronel Fabriciano faces threat of urban heat
island effect along with extreme temperature and precipitation events which may
compound the exponential increase in dengue cases. Given that temperature and
precipitation are important for increasing vector population size and consequently the
DF transmission rate and that silent transmission may occur in the cities, strong health
policies that support active dengue surveillance and regular breeding source reduction
exercises are vital for effectiveness and sustainability of dengue prevention efforts.
Further studies concerning impact of climate factors on both regional and local dengue
incidence are essential for analysis of geographical dengue distribution and transmission
patterns so as to facilitate formulation of regional adaptation and prevention strategies
accordingly. One factor that can reduce dengue incidences in Brazil is the vector

surveillance during inter-epidemic periods and inter-sectorial collaborations to conduct
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systematic source reduction. These measures might, to certain extend, contribute to

reduce of dengue cases in the next years.
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A transmissibilidade da dengue
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Estimating the dengue fever transmission in a mid-size city in Brazil
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INTRODUCTION

Increased urbanization, economic development, and the expansion in the number
of water-storage locations has allowed Aedes aegypti to reinvade South America since
the 70’s, increasing the incidence of dengue fever (DF) and dengue hemorrhagic fever
(DHF) (Halstead, 2008). DF is responsible for more deaths worldwide than any other
arthropod-transmitted human viral disease, and is emerging as a major problem in
tropical and subtropical areas (Pham et al., 2011). Dengue is endemic in Brazil with all
four serotypes of dengue viruses and it was first reported in the middle 1980s (Flauzino
et al., 2009), then re-emerged in the 1990s with increasing incidence rate throughout the
country. Vector control and DF surveillance programmes including public education by

law enforcement has shown to be ineffective since then.

Many social and climatic determinants are associated with dengue transmission
in local or regional scale, short or long-term, including factors that promote vector
proliferation like environmental conditions (temperature, humidity, rainfall system)
(Brunkard et al., 2008; Yang et al., 2009; Lambrechts et al., 2011; Hashizume et al.,
2012), socioeconomic conditions (Hu et al., 2012; Sommerfeld & Kroeger 2012;
Dickin, 2013), and those factors related to the movement and dynamics of the hosts in

an epidemic episode (Jeefo et al., 2011; Cuong et al., 2013; Stoddart et al., 2013). This
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transmissibility has been studied considering the development of mathematical models
that explicitly describe the mechanisms involved in the transmission of the pathogen
between host and vectors (Coelho et al., 2008). For directly transmitted infectious
diseases, the basic reproduction number (Ro) is the number of secondary infections that
results from a single infected human during its period of infectiousness in an entirely
susceptible population (Fouque et al., 2006). For vector-borne diseases the Ry is the
number of secondary cases generated by a primary infection via the vectors in an
entirely susceptible population (Chowell et al., 2007). An epidemic will not occur if Rg
is < 1 but when Ry > 1, an epidemic is likely to occur and the larger the reproduction
number, the higher the required efficacy of public health interventions to control the

disease (Boelle et al., 2009).

Several studies have used R, estimates to measure the potential reproductive
success of dengue infection and its probability to invade susceptible populations and to
quantify the intensity of control interventions necessary to contain an outbreak
(Anderson & May, 1991; Marques et al., 1994; Favier 2006; Cruz-Pacheco, 2009;
Massad et al., 2010). Recent estimations of the basic reproduction number R, have been
made using one of three approaches: a) final size equation estimated from a serological
measurement of an epidemic; b) initial intrinsic growth rate using data from the
epidemic curve at the initial stage, and c) age distribution of antibodies (Fouque et al.,
2006). In this paper, we estimated the transmissibility of dengue fever during the period
of 2002-2009 in Coronel Fabriciano city, Brazil, using two different methods based on
the initial growth rate from the epidemic curve fitted to exponential model to provide

estimates of Ry.
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METHODS

This study was conducted in Coronel Fabriciano city (19°31'07" S and 42°37'44"
W), which is located in the eastern part of Minas Gerais State, Brazil (Fig. 1). The city
has a total area of 221.7 m?, with 104,173 inhabitants. Coronel Fabriciano is situated in
a large valley that registers some of the highest incidences of dengue in Brazil in the last
years. The average temperature in recent years is around 23°C.

The dengue cases and their respective addresses from 2002 to 2009 were
obtained from the National System of Reportable Diseases (SINAN), part of the
Brazilian dengue surveillance system that all health practitioners report each patient
who meets the diagnostic criteria of dengue fever as defined by the World Health
Organization (WHO, 1997). This criteria includes the presence of acute fever plus at
least two of the following clinical symptoms: high fever, severe headache, back-eye
pain, muscle pain, positive tourniquet test, and a white blood cell count of <5,000/ul of
blood. For each year we obtained the total number of DF cases and the respective
incidence using annual population counts as available by the Brazilian Institute of
Geography and Statistics (www. ibge.br). Two different approaches were used to
estimate R, from the initial phase of intrinsic growth.

Method | — the number of dengue cases were fitted using the simple exponential
function y = bo . e "*. The basic reproduction number is most often estimated from data
in the early epidemic phase, that is, prior to introduction of mitigate interventions.
Massad et al. (2001) and Coelho et al. (2008) derived an estimation of the basic

reproduction number that assumes exponential initial epidemic growth. We can assume
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a formula to be applied at the beginning of an outbreak. This formula includes the initial
growth rate of the epidemic (A) an indicator of the force of infection; the recovery rate
in infected people (y), which can be calculated as 1/mean host infectious period; and the
mortality rate in mosquitoes (u), calculated as 1/mean adult mosquito lifespan. Their

expression is:

Ro=1+A+A(u+y)
Y

The values of these parameters were = 0.156/week and y =1/week =°. By fitting
the number of new cases to an exponential curve, we could estimate Ro. The initial
exponential-growth phase of the epidemic corresponds to the “free-course” state of the

epidemic in the absence of control interventions.

Method Il — Favier et al (2006) proposed a model where from the same force of
infection (L) calculated above, the reproductive number is estimated taking into account
the virus incubation period for host and vector. The intrinsic incubation period (t;) in
human hosts has a detectable viremia lasting for 4 to 5 days. The extrinsic incubation
period (te) for vectors is assumed to vary with the external temperature according to the

relation proposed by Focks et al (1995). The proposed formula is:
Ro=(1+A/y)(L+A/u)e™r™

We also estimated R, after the period when the epidemic control interventions
for adults and larvae carried out during the epidemic outbreak effects. By the year 2006,

the Coronel Fabriciano health service, as part of the national anti-dengue, performed

118



three to five yearly inspections on homes in an active search for Aedes larvae, which
was obtained from the larval index, calculated as the number of positive x 100
residences. At each inspection, chemical control was performed, which was reflected in
the index of the next larval sampling. From 2007, the larval index was performed three
times a year for 5% of the property of the municipality, called LIRA. This period is also
characterized by a reduction in local average temperatures, causing a consequent
reduction in the extrinsic incubation period of the mosquito. For this period, the basic
reproduction number is the product of the number of infectious mosquitoes generated
during the infectious period of a primary infectious human (mCp / y) and the number of
infectious humans generated by the proportion of infectious mosquitoes surviving the
extrinsic incubation period (CPe ™ ™ / p). Parameter distributions are summarized in

table 1.

Table 1. Model parameter definitions and estimated values used in the models.

Parameter Definition Value Source

A Initial epidemic growth rate estimated Present study

Tj Intrinsic incubation period 5 days Favier et al * (2006)

y host recovery rate 1/week Massad et al ™ (2001)
M Mosquito mortality rate 0.156/week  Massad et al ** (2001)
Te Extrinsic incubation period 10.5 days Favier et al ? (2006)
RESULTS

Between 2002 and 2009 two major peaks of dengue occurred. We also observed
an increase in reports of dengue fever, especially after 2006. This year of 2006 has

shown few cases and can be considered as an inter-epidemic period (Figure 1).
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Figure 1. Weekly number of dengue cases during the period of 2002 to 2009 in the city of
Coronel Fabriciano, Brazil.

Wizekly number of dengue cases

When data for dengue notifications were plotted as cumulative number during
the weeks, the result is an indicative of how many weeks could be considered as the
epidemic period to be used in the exponential fitting for obtaining the force of infection,
the main parameter to calculate the reproductive number in the initial phase of the
dengue infection (Figure 2). The week of epidemic onset (for the year of 2002 to 2009)
ranged from 10 to 16 weeks. The number of dengue cases tended to increase until weeks
6 to 8 when we observe an establishment in notifications but also tending to increase in

lower levels. Epidemic week peaks occurred between week 14 and 15.
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Figure 2. Cumulative number of dengue notifications to the initial epidemic phase of dengue
fever for the different periods in logarithmic scale.

To estimate the values of RO, the initial growth rate of the epidemic (1), an
indicator of the force of infection, was calculated by adjusting the growth curve of
dengue cases to the equation of exponential growth. The years showed different curves,
all of which were adjusted significantly to the exponential growth curve, with the

exception of 2006, the year with the lowest number of cases (Figure 3).
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Figure 3. Epidemic curve for dengue fever in Coronel Fabriciano, Brazil. Number of dengue cases per week and fitted exponential growth in the period from

2002-2005 (top) and 2006-to 2009 (below).
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Estimates of Ry are summarized in table 2. Using method I, we estimate a Ry that
ranged from 1.31 to 3.21, where the year of 2004 produced the higher values for all R

models calculated.

Table 2. Estimates of the reproduction number using three different models.

Year *wks A R’ p cases Ryl  Rgll Incidence**

2002 12 0.308 0.833 <0.05 1406 3.89 7.66 1389.1
2003 11 0319 0.79 <0.05 339 401 810 339.0
2004 10 0.443  0.88 <0.05 431 554 14.68 420.25
2005 15 0.289 0.812 <0.05 754 367 694 739.21
2006 15 0.0621 0.285 >0.05 123 148 170 1173
2007 15 0.259  0.837 <0.05 494 334 592 4750
2008 15 0.247  0.713 <0.05 1570 3.22 554 1520.95
2009 16 0.322  0.896 <0.05 3389 4.05 8.22 3271.22

* wks. Number of epidemic weeks used in the estimation of R,
** per 100,000 habitants for the whole period
Li- Larval index measured after control intervention after

Also, Ro models tended to increase its values as the complexity of the models
increased by adding new parameters, being the model 111 the one with the highest values
(Figure 3). Variations in incidence rate did not correspond to variations in Ry values for
the different studied periods. Although the low number of cases notified for the year of
2006 and a non-fit for exponential curve as expressed by the non-significant value of p,
all models produced R, values above 1. To consider this result of 2006 as a possible
bias of the estimator method, we applied a linearizing method to calculate Ro when Ry is
< 1 and the initial phase of the epidemic curve is concave down and it tends to zero *°.
When R, for 2006 was recalculated, we obtained a value of 0.51. Ry values for the three
models were not found to be correlated with the incidence rates (R=0.03; 0.04; 0.007;

p<0.05) (Figure 4).
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Figure 4. Variation in R, values from 2002 to 2009 in the city of Coronel Fabriciano using
estimation method | (bottom line) and method Il (upper line).

DISCUSSION

The predominant virus strain in Brazil in the last years is DEN-3. However the
notification system (SINAN) fed by Coronel Fabriciano Health Service has shown an
increase in DEN-1 cases what might be explaining the increasing number of
notifications in this city. The fact that a great number of susceptible to DEN-1 is
available might increase all the estimators of intensity of transmission. When we
compare the two methods, the more complex produced higher estimates of Ry, a result
opposed to the pattern observed by Chowell et al. (2007) who compared methods | and
another more complex method and they obtained significantly lower estimates of the
reproduction number for this last one. Favier et al. (2006), also comparing methods 11
and Il argued that when comparing these methods to estimate Ry from the force of
infection, method Il failed in obtain reliable estimates of Ry because they failed to take

into account the incubation period. Coelho et al. (2008) argued that model I is based on
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known cases and the equations system is scale-invariant, that is, it could be expressed in
terms of proportions or absolute numbers in an approximately homogeneous area where

the cases are happening.

In this work we have carried out an analysis of the dengue epidemic from 2002
to 2009 at Coronel Fabriciano that included the estimation of the reproduction numbers
using two different methods. Method | uses only two parameters, the force of infection
and the host infective period while the method Il also uses recovery rate in infected
people and it incorporates an entomological parameter, the mosquito mortality rate.
Other methods use a standard model described by Anderson and May (1995) for the
transmission dynamics of malaria with fixed incubation periods in both hosts and
vectors and an exponentially distributed infectious period in hosts and assumes an initial
exponential epidemic growth phase. This model has been used to estimate the
reproduction number of dengue epidemics in Brazil (Favier et al., 2006). Chowell et al.
(2007) point out that estimates of the reproduction number obtained using methods with
parameters that do not take into account more realistic incubation and infectious period
may overestimate the intensity of interventions and associated costs for epidemic

control.

When considering model I and 11, estimates of the reproduction number might be
affected by a source of bias: the formula of R, used was derived under the assumption
of a pure exponential growth phase during the epidemic take-off and the mathematical
Model used in these methods makes the assumptions of fixed incubation periods in
hosts and vectors and the exponentially distributed infectious period in hosts. However,
when compared the methods, the pure exponential initial growth assumption was a good
approximation to estimate the reproduction number and to provide an adequate estimate

of the transmissibility in the city. When we tested the association of the reproductive
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number with the incidence of dengue, we couldn’t find it to be significantly correlated.
Coelho et al. (2008) observed that both A and Rq are far from being reliable predictors of
incidence, however they are clear indicators of the intensity of outbreaks and relatively
easy to calculate in the particular situation in which the number of cases start to increase
after a relatively long period with very small number of cases.. The authors also
emphasize that when we consider the large number of variables associated with dengue
transmission one should expect a poor association between parameters used in the
models and the dengue incidence and the authors conclude that A and Rg are better
predictors of the total number of cases than the larval indexes currently used, what
might be explained because A and Ry are related to human dengue epidemiological
factors, such as previous dengue outbreaks and herd immunity effects, in addition to the

entomological parameters.

Epidemic events of dengue fever often occur in several Brazilian states
following climatic conditions that favour mosquito reproduction in wet and humid
season (Almeida et al., 2005). However not only climatic conditions can provide clues
for the high transmission of dengue fever in cities like Coronel Fabriciano, which is
located in a region of high mean temperatures and humidity. Population susceptibility is
another key feature that must be explored in models transmissibility models used to
calculate Ry. Although we have not explored relationships between dengue notifications
and weekly and monthly precipitation, presumably such variable would not respond for
the low number of cases in 2006 and the increasing number of cases between 2007 and
2009. Also, the survival of mosquitoes may depend on many factors, including age,
genetics and extrinsic factors such as larval nutrition, climatic conditions, predation and
insecticide treatment. Survival rates of the dengue vector may influence dengue

transmission except during episodes of heavy rain that may lower female survival rates
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(Fouque et al., 2006). Coelho et al, (2008) defined outbreak as the sudden exponential
rise in the number of cases in the beginning of the transmission season. A limitation
arises from which part of the epidemic curve displayed exponential growth with a
minimum duration, a starting and ending date (Boelle et al., 2009). In this present work,
an effort was made to reduce such bias by obtaining the curve of cumulative number of
dengue cases as displayed in figure 3. Changes in the force of infection obtained by
exponential growth may lead to significant changes in Ry estimates, yielding smaller or
higher estimates. After comparing the three methods used in this work one can see that
the three estimates followed a pattern for the observed years in which reductions in Ro
estimate for one method is followed by a reduction in the other methods. A second
limitation may arise when calculations of Ro made by counting reported cases are likely
to be biased by underreporting and by an unknown fraction of silent infections. Even
DEN-1, a virus that produces a high rate of clinically apparent disease in adults, results
in mild and unapparent infections in children (Halsted 2008). DEN-1 infections are

possibly responsible for the majority of the new cases in the last two studied years.

In order to interpret changes in the frequency of dengue fever outbreaks since
the 80’s, serological data provide important clues and the frequency of the viral types
circulating in the populations may determine the force of infection mainly as a function
of the number of susceptible people in a region. The serotype 3 dengue viruses
predominated in most states in Brazil between 2002 and 2006 (Araujo et al., 2009).
Between 2007 and 2009, we observed a change in the predominant serotype, with the
replacement of the DENV-3 by the DENV-2. This change led to the occurrence of
epidemics in a number of federal units, with a displacement of serious cases to people
under 15 years. Monitoring of circulating serotypes during 2009 pointed to a new

change in the predominant serotype, with a significant recirculation of DENV-1. The
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recirculation of DENV-1 increases the possibility of outbreaks in regions where the
population has not been in contact with the virus since the 80"s. As the circulation of
DENV-2 has already been shown to increase the proportion of severe disease,
particularly in children and adolescents, including increased demand for hospital
admissions. The effect of recirculation of DENV-1 must be closely monitored by the
dengue surveillance service in all levels of the system, since it can lead to a similar
pattern of cases in children, because of low circulation of this serotype during the last
decade. As the monitoring of the circulation of dengue virus in the country in 2010
show a higher proportion of isolation of DENV-1 serotype, and this may be associated
with increased transmission in some states, the serotype 4 may be entering in Brazil.
Most of the Brazilian population does not have immunity against this virus type, which
increases the chances of an epidemic. The virus circulates in ten countries in the
Americas, including Venezuela, which borders the Roraima state and where this type of

dengue virus may have entered Brazil.

In Coronel Fabriciano, the urban areas throughout the municipality are divided
into districts, each with different population size and a chance of infection that can
differ among these districts that are subject to different environmental conditions.
Dengue fever has heterogeneous spatial distribution over the affected areas. This would
theoretically underestimate the incidence, A and R estimates (Coelho et al 2008). In
addition, those regions with the higher R are those likely to experience major impact of
future outbreaks, especially when a new serotype starts to circulate. In order to interpret
the dynamics of climate sensitive diseases such as dengue fever, we need to adopt
approaches that fit models that explicitly include immunity and climate variability

(Chowell et al., 2007). A better knowledge of the epidemiological dengue system,
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through the development of mathematical models and the simulation of dengue

transmission is necessary to identify the driving forces of its dynamics.
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Indicadores sociais e dengue: um estudo de caso
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Abstract

Background

Many social indicators have been proposed as potential determinants or risk factors of
dengue fever (DF) transmission in several recent studies. Along with these social
factors, geospatial modeling has provided an added dimension to better understanding
and interpreting the complex eco-social-health factors involved in dengue transmission.
However, the dengue transmission ecosystem is a complex combination not only of
these social factors, which represent economic, sanitation and presence of high-risk
environmental locations but also the implementation of preventative dengue control
measures and thus human behavior.

Methodology/Principal Findings

We used spatial analysis to differentiate areas for the years 2008 and 2009 of increasing
incidence of dengue fever (Group A) and areas of decreasing incidence (Group B) in the
city of Coronel Fabriciano, Brazil. For each district we obtained information regarding
patient residence (latitude and longitude), date of onset of symptoms, and related social
indicators at the district level related to income, dependents, sewage and water systems,
and education. The two regions were found to be statistically different in LISA and one-
way ANOVA test and varied significantly in various social factors: percentage of
households with garbage collection (F=5.36; p=0.02), dependency ratio (F=3.80;
p=0.05), poverty index (F=28.46; p<0.001) and life condition index (F=8.95; p=0.003).
The districts in group B showed higher values of population density, poverty index and
dependency ratio, with less children and a lower dependency ratio.

Conclusions/Significance

While social factors were found to be significantly associated with either increasing or
decreasing trends of dengue incidence, our results indicate several implications for the
human behavior associated with preventative dengue control measures as those indices
which indicated or factors associated with a “caretaker’s presence” offered a factor of
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protection. Further refinement of geospatial modeling may be useful to better capture
the complex nature of dengue transmission.

Author Summary

Dengue, the tropical disease transmitted by the bite of the mosquito Aedes aegypti
affecting millions of people annually worldwide was investigated in a spatial and
temporal evaluation of increasing and decreasing dengue incidence in a highly endemic
region of Brazil. Among the complex web of factors mediating the disease burden,
social determinants have been suggested to influence the risk of dengue infection in
factors such as the presence of piped water supply, population density, frequency of
waste removal, and sewage system, and as such may have a bearing on the focus of
prevention campaigns. Upon the comparison of two different years 2008 and 2009,
trends were found with increasing incidence associated with less children, lower poverty
index (better economic situation) and higher life condition index. Discussion of our
results implies that several indexes may be inappropriate to evaluate dengue incidence
and prevention campaigns and should be reevaluated with factors such as “presence of
caregiver” and participation of the prevention measures with more individual social
factors gathered to provide a better interpretation of geo-spatial modeling to the dengue
epidemiological situation.

Introduction

Dengue fever (DF) is considered the fastest advancing vector-borne arboviral
disease whose importance is linked not only to terms of morbidity and mortality but also
its economic impact [1,2]. The principal vector of DF, Aedes aegypti mosquito, has
increasingly manifested in tropical countries where environmental conditions along with
conditions of rapid urbanization, population growth, urban crowding, and the
precariousness of public health services has caused global incidence levels to rise to
close to 230 million infections every year, of which 25,000 are fatal [3].

A growing number of investigations have explored the eco-bio-social aspects of
dengue incidence and until now, nearly all research efforts had focused on the multiple
social and environmental determinants that might explain the rise in dengue
transmission including population density, density ratio; urban infrastructure attributes
like water supply, sewage and waste disposal; and other socio-economic features that

constitute a complex web that determines the chance of reproduction of the vector and

the rates of infection in a region [4]. Representative statistical models for determinants
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in DF transmission consider this set of variables acting in group or separately, taking
into account the association between DF risk and a number of social-environmental
factors [5] such as water storage containers [6], shorter distance to urban area [7],
smaller family size [7], population density [8], general sanitation network [9], number
of children and socio-economic factors [10,11]. However, some authors argue that the
different complex epidemiological settings, for each region or locality will determine
which factors will influence dengue transmission dynamics and influence their spatio-
temporal distribution at household or individual level [12]. Major factors like unplanned
urbanization and inadequate public health conditions are considered as driving forces
that promote dengue transmission [13].

Recent developments in spatial mapping have thus extended the epidemiological
analysis of dengue aiding in detection of hotspots [3,14,15]. Refined spatial analysis has
allowed for overall spatial distribution [16,17], spatial tracking of epidemics [18,19] and
socioecological drivers [13]. Contributions have also been vast in the area of risk
stratification [20] higher risk areas (behind highway access routes) [21], mapped risk
based on socioeconomic and environmental variables [4,22], relationships between
immature mosquitos and human densities [23], and impact with climate change [10,11].

These advancements have led to several preventative control measures based
upon regional findings. However, this study extends the current literature by evaluating
the geo spatial relationship of the areas with rising numbers of dengue incidence and
those regions, which are decreasing. Our analysis extends to the social factors that are
driving these trends and discuss the social implication of these in the context of current

literature findings and preventative measures.
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Methods

Study area

This study was conducted in Coronel Fabriciano city (19°31'07" S and 42°37'44"
W), which is located in the eastern part of Minas Gerais State, Brazil (Fig. 1). The city
has a total area of 221.7 m?, measuring 16km North-South and 12km East-West, with
104,173 inhabitants (IBGE 2012) with the urban area in the south portion. Coronel
Fabriciano is situated in a large valley that registers some of the highest incidences of
dengue in Brazil in the last years. The average temperature in recent years is around

23°C.
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Database sources

The dengue cases and their respective addresses from 2008 to 2009 were

obtained from the National System of Reportable Diseases (SINAN), part of the
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Brazilian dengue surveillance system that all health practitioners report each patient
who meets the diagnostic criteria of dengue fever as defined by the World Health
Organization (WHO, 1997). This criteria includes the presence of acute fever plus at
least two of the following clinical symptoms: high fever, severe headache, back-eye
pain, muscle pain, positive tourniquet test, and a white blood cell count of <5,000/ul of
blood. Population census, district limits and shapefiles of the urban portion of Coronel
Fabriciano were gathered from the Brazilian Institute of Geography and Statistics
website (www.ibge.br) in 2011 for the years 2008-2009. Addresses of residents in
Coronel Fabriciano who were reported as having DF in the years 2008-2009 were geo-
referenced utilizing the latitude and longitude coordinates from a geographical data
system (gpsvisualizer.com) using the Google™ geographic database. Only coordinates
with a precision above 8 were used. This study was approved by the Ethics Committee
and the Institutional Review Board at the National School of Public Health, at Oswaldo
Cruz Foundation. Anonymised data were used for this analysis.

Analysis included data regarding patient residence (latitude and longitude), date
of onset of symptoms, and related census data of the population and area including: %
households with water supply, with sewage system, with garbage collection, with
garbage dumped on vacant land, whose head has no income, average number of
residents per household, average income per district, % households with more than 8
people, % illiterate household heads, % of children (0-14 years), % illiterate population.
In addition, we applied an index developed by Machado et al. [21], which takes into
account the Life Conditions Index for each district, calculated from the indicators
dependency ratio, poverty index, population density, % households with water supply

and with garbage collection.
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Data Analysis.
Descriptive Analysis

The ArcGIS™ 9.3 software program was used to plot DF cases geographically
around the Coronel Fabriciano region and produce choroplath maps to perform the

descriptive analysis.

Spatial-temporal dynamic of DF

Dengue cases were mapped sequentially according to epidemiological week for
the years 2008-2009, thereby permitting the pattern of spread of the disease to be
identified in time and space. The spread pattern of the epidemic was represented
graphically using the Kernel density estimation method where simulations were
produced to test different bandwidths. A bandwidth of 262 meters was found to be the
most adequate to illustrate the progression of the epidemic wave. A series of 52 Kernel
maps for each year were produced, corresponding to each of the epidemiological weeks,
with the distribution of the absolute number of notified dengue cases that occurred in
each census area during this unit of time. These were used to construct the dispersion

pattern of the epidemic.

Spatial Autocorrelation

Using the dengue cases and the population information for each district,
incidence maps were produced, given as cases per 100,000 inhabitants. The overall
dengue incidence was evaluated by local Moran’s value (LISA) aiming to detect the
local level of spatial autocorrelation in order to identify those districts where values of

incidence were both extreme and geographically homogeneous. The values of Moran's
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is ranked between +1 (positive autocorrelation) and —1 (negative autocorrelation), with
the expected value in the absence of autocorrelation was (—1)/(n—1).
Pattern of Dengue Incidence

Dengue incidences for the years 2008 and 2009 were separated into two different
patterns and applied to each district. The first pattern (A) included those districts whose
incidence of dengue had increased from 2008 to 2009, and the second pattern (B)
included those districts whose incidence decreased from 2008 to 2009. We performed a
one-way Anova to test the difference between the groups concerning the social variables
listed above. We also applied local Moran’s index (LISA) to the incidence pattern

produced for the years 2008-20009.

Spatial Regression

We tested the effects of social features on the dengue incidence at the district
level for the years of 2008 and 2009. Ordinary Linear regression (OLS) was applied to
investigate the global relations between dependent (incidence 2008-2009) and

independent variables (social factors). The regression model formula used:

In(Y) = o+ B1X1 + B2X2 + ...+ PnXn + &,

where, Y is the cumulative dengue incidence in the city,p1 regression coefficients of the

social variables X ande the error term.

In the multiple regression analysis, the socioeconomic variables were included in
the maximum model. A stepwise technique was used to select an adequate model with

the smallest Akaike’s information criterion (AIC) value, with P values of 0.20 as the
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entry criteria and 0.05 as the removal criteria. The selected model identified the
multicollinearity by examining the variance inflation factor (VIF), with a VIF value
near 1 indicating absence of multicollinearity. A spatially lagged term was then applied

to this model with the formula:

In(Y)=a+BIX1 + B2X2 + ...+ BnXn + pwijY + g,

where Y is the cumulative dengue incidence in the city, B1 regression coefficients of the
social variables X, wij the spatial weight matrix between census district i and j, p the
coefficient of spatial dependence and ¢ the spatial autoregressive error term. LISA, the
spatial autocorrelation coefficient, was used to test the spatial independence of
residuals. ArcGis 9.3, GeoDa 1.4.0 and R 2.15.3 were used to analyze and generate

maps.

Results
Descriptive results

There were a total of 5,399 reported cases of dengue to the department of health
in the city of Coronel Fabriciano for the years 2008 and 2009. For the year of 2008,
1,470 cases of 1,510 (96,17%) and 3,203 cases (94,5%) of 3,889 in 2009, were feasible
to be georeferenced. Only in cases whose address had been left blank, coordinates could
not be found. The time-distribution of DF cases for the years of 2008-2009 are shown
in Figure 2. Two peaks indicating week 11-29 in the year 2008 and 52-79 for 2009, with
the apex at week 63 with 304 reported cases. Seasonal distribution of DF fell within

December —August.
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Analysis of the effects of social features on the dengue incidence at the district
level for the years of 2008 and 2009 using the ordinary linear and spatial regression
model explained only 30% of the variation in our study. As such, its significance was

considered unreliable, results not shown.

Spatial-temporal dynamic of DF

The spatial-temporal dynamic for years 2008 and 2009 is demonstrated in Figure
3. During the 2-year period, notifications were recorded in almost every district of the
city, with the exception of four districts in 2008 and one in 2009. The first cases of
dengue notified in Coronel Fabriciano in 2008 occurred in the first epidemiological
week in the central region of the city, and during the following weeks cases emerged in
geographically distant districts. From week 13, epidemic waves begin to spread
throughout the city, affecting a large number of districts, with higher concentration of

cases occurring in the central and southern region of the city peaking in week 19. From
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week 22 onwards, reported cases decline uniformly across the city. In 2009, the process

took place in waves originating mainly from the northern districts, rapidly irradiating to

the central areas of the city, with the southern districts less affected.

Incidence pattern

Figure 4 shows the geographic distribution of the raw incidence of notified
dengue cases in Coronel Fabriciano in the two periods. Dengue incidence ranged from
zero to 15,315/100 000 in 2008 and from zero to 20,823/100 000 in 2009. Moran’s 1
index presented a non-significant positive spatial autocorrelation of dengue incidence
for the two periods of 0.12 (p=0.398) and 0.12 (p=0.145) for 2008 and 2009,
respectively. However, LISA’s index presented one significant adjacent areas with
similar values in the southern region in 2008 and in the northern region in 2009. This
means that the proximity of these districts had greater similarity at baseline incidence

rates than those farther apart.
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When mapping according to increase (group A) or reduction (group B) of
dengue incidence by district, two regions were identified over the urban area of the city.
Region A includes 97 districts grouped in the central and northern urban perimeter.
Region B consisted of 24 districts primarily in the eastern areas of the urban perimeter
with a few districts sparsely distributed. This distribution and grouping can be seen in
Figure 5. A positive spatial autocorrelation was identified by LISA based upon this
grouping with DF incidence in 2008-2009. LISA similar values tended to occur in
adjacent districts of the eastern areas of the map showing a significant local
autocorrelation and a significant clustered distribution. Moran’s global index presented
a value of 0.42. In 2008, the incidence of dengue was higher in group B than in group
A, with a value of 2755 and 1347/100, 000 inhabitants, respectively. In 2009, group A
dengue incidence was higher with a value of 3563, compared to group B with 1686/100,

000 inhabitants.
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These groups demonstrated significant differences in social factors when we
performed Anova test in the following variables: percentage of households with garbage
collection (F=5.36; p=0.02), dependency ratio (F=3.80; p=0.05), poverty index
(F=28.46; p<0.001) and life condition index (F=8.95; p=0.003) (Tab. 1). The number of
households and the percentage of households whose head had no income showed a p
value close to significance (p=0.08). Other social variables showed no significance
when comparing the two groups.

When comparing the mean values of each variable, the districts in group B
showed worse living conditions, considering the higher values of population density,
poverty index and dependency ratio, with less percentage of children and expectedly a
lower dependency ratio, and with a slightly greater less percentage of households with
water supply. The life condition index, ranging from -1 to 1 (with -1 worse conditions

and 1 better conditions), had a mean value 0.25 for group A and 0.02 for group B.
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Figure 5 represents the significantly distinct group A (increasing incidence) and group B
(decreasing incidence) with the significantly different social determinants highest and

lowest rankings represented in the correlating districts.

Table 1. Descriptive statistics (mean values and standard deviation) and Anova results
for socioeconomic determinants surveyed in area A and area B from Coronel

Fabriciano, Brazil.

Variables A B F p value
Number of households 235.1+61.44 209.0 £ 78.61 3.01 0.08
% Households with water supply 80.16 + 22.17 81.15+20.83 0.03 0.84
% Households with sewage system 80.92 +24.54 72.62 £27.31 2.05 0.15
% Households with garbage collection 92.87 +11.38 85.7119.43 5.36 0.02
% Households with garbage dumped on vacant land 1.55 +4.38 3.13+ 454 241 0.12
% Households whose head has no income 8.24 £4.73 10.26 £5.81 3.10 0.08
Average number of residents per household 3.75+028 3.78 £0.29 0.25 0.61
% Average income per district 1.26 +3.36 0.76 +.40 0.53 0.46
% Illiterate household heads 11.88 +8.67 13.92 £9.43 1.01 0.31
Mean population 875.25 £24.51 782.25 £29.41 2.64 0.10
% Households with more than 8 people 2.77 +1.88 3.01+£1.99 0.29 0.58
% Children 27.49+4.72 29.21+5.08 2.41 0.29
% Illiterate population 18.37 +6.78 21.08 £8.22 2.73 0.10
Dependency Ratio 0.54 +0.36 0.39 +0.22 3.80 0.05
Poverty Index 0.17 +0.12 0.41+0.34 28.46 0.00
Population Density 1.5x10* 1.3 x10* 1.6 x10* #1.2 x10*  0.007 0.93
Life Condition Index 0.25 +0.33 0.02 +0.27 8.95 0.003
Discussion

Our results indicate two spatially distinct groups one of which represents those
districts who had either a reduction or an increase of dengue incidence from the year
2008 to the year 2009. These groups were different on several social factors with those
districts who had an reduction of dengue incidence from 2008 to 2009 having
statistically less percentage of households with garbage collection (p=0.02), a higher

poverty index (p<0.0001), a lower dependency ratio (p=0.05) and life condition index

145



(p=0.003) than those found in the districts who had an increase in dengue incidence
from one year to the next. The significance of dengue incidence increasing and
decreasing based upon social factors has several implications for the preventative
campaigns that are conducted within regions. Those districts that are improving in
relation to dengue incidence have less garbage collection services, have lower economic
conditions, a lower life condition index and a greater number of dependents in relation
to those districts that have increasing levels of dengue incidence.

The importance of evaluating the increasing and decreasing tendencies of
dengue incidence relates to the vector-control measures that are implemented by
different regions and the “pushing” of mosquito breeding from one site to another [4].
In endemic regions, the ‘eco-health approach’ has been recommended with judicious
use or no use of insecticides according to IVM principles (integrated vector
management) [24], to avoid this very issue. While the measures used in this region for
dengue prevention are beyond the scope of our study our results offers an interpretation
of the end results of those measures. Recent measures implemented in Thailand, have
shown rather than a “pushing” dengue incidence, an overall decline with the
implementation of nation-wide dengue preventative measures, reinforcing the
effectiveness of universal dengue protective measures in reducing dengue incidence.
Also, the authors found knowledge of dengue transmitting mosquitos was associated
with reduced mosquito breeding and production [4]. Unfortunately, these measures are
difficult to enforce universally and as such our results illustrate the “pushing” of dengue
incidence to particular regions with distinctive social characteristics, most likely
representative of the preventative measures being followed more prevalent in particular
regions. Therefore, preventative measures have been a point a discussion regarding the

drivers in dengue virus transmission [25].
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In our results, we highlight several points that we consider may not be fully
representative of the epidemiological sample and profile per se of those in the
improving districts. Of our results, the lower life condition index and more children
were obvious factors not normally associated with improved conditions, however in the
case of dengue transmission there are several probable explanations. Several factors that
become apparently associated in our study is the dependency ratio, which serves as an
indicator of the number of dependents in a household, more specifically those under the
age of 15 and over the age of 70 years. However, while in most models or indices this
would indicate a negative factor, we argue that in the case of dengue transmission and
incidence this may be an indirect factor of protection for several reasons. Dependency
ratio would likely be associated with those living in a family type environment rather
than an individual who is single, implying that there would be a greater number of
individuals who must be in a “caretaker” role. With campaigns conducted in schools as
well as individuals who are living in a family type environment would most likely be
more conscious and aware of the protective measures that needed to be taken versus
individuals not living in a family style environment who would likely have a lifestyle
that would revolve around work and less around a scheduled or routine care of the home
environment, and most likely less active with dengue protective measures. We then
explored the life condition index, which is calculated by several different factors
including dependency ratio, illiterate heads, poverty index, population density, water
supply, and garbage collection. When we adjusted the life condition index to reflect
dependency ratio as a positive or protective factor, the mean value of the life condition
index moved from 0.25 to 0.44 for the increasing dengue incidence group and 0.02 to
0.24, which reduced the significance to p=0.05, bringing the two groups closer. While

appearing something more logical, we explored the life condition index and also
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questioned the poverty index which would as well most likely be confounded with this
same factor of caretakers in the home, which as well has a factor of number of
dependents being calculated by the number of heads in the household earning a
minimum salary divided by the number of total “heads of households”, thus creating a
lower poverty index for those families that would have a “stay at home” parent or
caretaker who would most likely be the individuals who would be primarily responsible
for the household duties. As such, both the dependency ratio and the poverty index
would pull down the life condition index, thus unable to reflect the epidemiological
population conditions.

Thus, while we believe our study indicates clear tendencies as to districts that are
increasing and decreasing in dengue incidence related to social factors we also believe
that it illustrates some of the difficulties and limitations in not only our study, but also
this type of methodology. The social factors are represented in districts rather than
individual characteristics and thus become more diluted and less specific in making
inferences to the epidemiological populations. As discussed above, the indices used
such as poverty index and life condition index are not necessarily able to aptly capture
the factors that are important in dengue transmission and incidence. However, this may
be improved if more individual social data was collected in connection to the incidences
of dengue. Another limitation is the clinical-epidemiological criteria used for the
reporting of dengue cases rather than through a blood test, which is used by the
Secretaries of Health in Brazil during the periods of epidemics as the number of patients
seeking health facilities makes it impossible for all these patients to be subjected to
blood tests for viral detection and the clinical test is used as a quick and available
confirmation of a DF case. As well, the possible underreporting of cases may give a

biased estimative of real DF incidences as asymptomatic or milder forms of the disease
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induces the patient to not seek attention from a health unit and consequently not
identified as a DF case.

This study offers a new perspective to evaluate dengue incidence from regions
that are either increasing or decreasing in dengue incidence. This grouping we believe
offers a unique way to review the dengue preventive campaigns that are conducted and
the populations in which these campaigns are not reaching. This is a critical element in
the work of epidemiological interventions and evaluation to strengthen areas that are
ineffective or are overlooking disease specific factors that should be considered. The
recent developments in spatial mapping have offered several new tools to be utilized in
a variety of areas; however, it is important that these tools become more refined with
more appropriate indices and factors to be evaluated if they are to offer useful
information and interpretation for the area of epidemiology [26]. As such, our study
evaluates our results drawing attention to the limitations of certain indices and
methodological considerations that should be made such as individual-related social
data in combination with district level to better indicate the social characteristics and
factors that are playing a role. As several studies do indicate that social factors do play a
role in dengue incidence [8, 26] we see a strong indication that social factors as well
play a role in the areas that are reducing their dengue incidence or are responding to the
current dengue prevention campaigns. The study is the first to our knowledge that offers
this strategy to evaluate spatial mapping with reduction or increase of dengue incidence
by social factors and critically evaluating the method and the possible features that must
be considered when utilizing this method when applying it to epidemiological studies of
dengue. Our study also supports other findings of which suggest the use of integrated
vector management principles for overall reduction of DF incidence rather than

“pushing” DF incidence to other regions [24].
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Figure legends

Figure 1. Location of the study site.

Figure 2. Dengue weekly notifications during study period.

Figure 3. Spatial pattern of dengue fever spread in 2008 (left) and 2009 (right) in

the city of Coronel Fabriciano, Brazil.

Figure 4. Dengue fever incidences in 2008 and 2009.

Figure 5. Spatial distribution of dengue fever incidences according to pattern A

(high incidence, blue) and B (low incidence, red).
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CONSIDERACOES FINAIS

A dengue € uma doenc¢a multifacetada, com uma complexa interacdo entre seus
atores: 0 homem, 0 mosquito e o virus. A inter-relacdo entre esses componentes € ainda
dependente dos variantes ambientais que podem influenciar as taxas de transmissao em
uma escala local ou regional. Este estudo mostra que os indices pluviométricos, a
temperatura ambiente e seu lag-temporal podem determinar o periodo de transmisséo e
0 risco da dengue. Associado a isso, as caracteristicas socioecondmicas das areas de
transmissdo podem influenciar as &reas de aumento ou reducédo da incidéncia ou ainda a
chance de ocorréncia de maior ou menor incidéncia da mesma.

Pode-se evidenciar que 0s novos meios de vida, a globalizagdo e a urbanizacao
estdo entre os principais fatores para a crescente transmissao da dengue no mundo. Os
artigos incluidos neste manuscrito tentam, de forma sistematica, listar e testar os efeitos
das variantes que determinam a chance de dengue no municipio de Coronel Fabriciano,
uma das regides com as maiores incidéncias de dengue em Minas e no Brasil. Para isso,
baseamos o trabalho em tres principais vertentes: a) os efeitos ambientais sobre as taxas
de dengue; b) o potencial de transmissibilidade da doenca e c) os efeitos dos
determinantes socioeconomicos sobre a incidéncia e a distribuicdo da doenca. Neste
estudo, por meio dos fatores listados acima, podemos concluir que:

a) Existe uma gama de estudos que buscam entender a relacdo entre as variaveis
socioecondmicas e a dengue, entretanto muito dessas relagdes possuem o efeito
imensuravel da realidade local, que muitas vezes ndo pode ser repetido ou
incluido em modelos que sdo aplicados para o entendimento das relagdes em

outras regides geogréficas;
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b) O espago geografico sobre qual se distribuem os casos de dengue ao longo de
anos estd em constante alteragdo. A expansdo urbana pode exercer um efeito
sobre as taxas de dengue na regido, de modo que aqueles locais com crescimento
recente e desordenado, sem ainda condicOes ideais de infraestrutura urbana,
podem se tornar hotspots de distribuicdo de casos, aumentando assim o risco de
novas epidemias.

c) Os regimes pluviométricos e de temperatura da regido podem determinar o risco
de dengue uma vez que as chuvas propiciam condigdes ideais para a formacéao
de criadouros para 0 mosquito vetor Aedes aegypti. Uma vez estabelecido estas
condigOes, os resultados aqui mostram que existe um periodo de tempo 6timo
até a aparecimento da epidemia, dado que a chuva e a temperatura infuenciam
diretamente o periodo de incubacéo intrinseca e extrinseca do virus da dengue.

d) As epidemias de dengue verificadas ao longo dos anos se fazem de modo
exponencial, com um grande aumento no nimero de casos em um breve periodo
de tempo. Esse crescimento pode influenciar a forca de infeccdo da doenca, ou
seja, a taxa com que o virus é passado das pessoas susceptiveis para o vetor, e
novamente para a populacao susceptivel, sustentando assim a epidemia.

e) Os dados sugerem o efeito de variaveis socioeconémicas sobre as taxas de
incidéncia de dengue e sua distribuicdo no espaco, além de encontrar relacdes

com aqueles locais que experimentou aumento ou reducdo da doenca.

Também, € necessario informar que os dados e resultados apresentados aqui estdo
sujeitos a viéses de selecdo e informacdo. Entre estes, podemos listar a) os dados
secundarios obtidos a partir de extensos bancos de dados estdo propicios a erros de

digitacdo e outros tipos de informacdo. Além disso, 0s casos foram georeferenciados
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baseados em uma base de informagGes do Google, que, da mesma forma, esta
susceptivel a erros de localizagdo de coordenadas. Para minimizar estes efeitos, os casos
de dengue neste estudo foram submetidos a uma analise de resolucdo, conforme descrito
no Capitulo 6, onde as coordenadas que foram ranqueadas abaixo do valor de 6 (escala
de 2, 4, 6, 8 e 10) tiveram seus enderecos manualmente conferidos e consertados, uma
vez que a maioria possuia erros de digitagdo. Além disso, as duplicidades foram
tambem buscadas manualmente; b) os dados apresentados aqui carecem de analises que
misturem todos estes determinantes fisicos, bioldgicos e sociai em modelos Unicos, de
forma a ajustar melhor os efeitos sobre as taxas de dengue. Os conjuntos de variaveis
neste estudo foram tratados separadamente sem modelos que as incluam conjuntamente;
c) neste estudo, a variavel desfecho foi a taxa de incidéncia de dengue, entretanto este
pode ndo ser necessariamente o indicador perfeito que melhor traduz os efeitos da
dengue na populagdo e no espacgo. Outras varidveis sdo utilizadas em estudos diversos,
como o numero bruto de casos, as taxas de hospitalizacdo, a soroprevaléncia na
populagdo dos tipos virais. Obviamente, estes indicadores possuem vantagens e
desvantagens e podem subestimar ou superestimar a realidade da doenga na populagéo.
Dentre todos os fatores vistos, ainda se torna necessario que novas articulacoes
nas politicas de satde e um novo modelo de gestdo e vigilancia para doengas infecciosas

seja implantado nos diversos paises onde a dengue € presente.
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