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Análise geoestatística de áreas de risco de leishmaniose tegumentar no estado do 

Paraná 

 

RESUMO 

A distribuição geográfica da leishmaniose tegumentar (LT) em todos os estados mostram a 

importância desta doença no Brasil. Na região sul, o maior número de casos de LT ocorre no 

estado do Paraná. O estudo da distribuição espacial de LT neste estado, utilizando a análise 

geoestatística, facilita a determinação de áreas de maior risco e a compreensão da influência 

das ações do homem para a ocorrência da doença nestas áreas. Este estudo é composto de dois 

trabalhos. No primeiro foram utilizados o índice global de Moran, índice local de associação 

espacial (LISA) e confecção de mapas por categorias de associação direta (high-high e low-

low) e associação negativa (high-low e low-high), com dados do período de 2001 a 2015 do 

Sistema de Informação de Agravos de Notificação (SINAN) de casos autóctones de LT no 

estado do Paraná. Neste estado, de 2001 a 2015, ocorreram 4.557 casos, com média anual de 

303,8 (±135,2), o coeficiente de detecção foi 2,91 e a densidade de casos por km2 foi 0,023, em 

268 municípios. Os municípios com maior coeficiente de detecção foram Jussara (237,47), 

Adrianópolis (165,03), Cerro Azul (108,29), Ivatuba (108,11) e Japurá (89,35). O índice global 

de Moran para o coeficiente de detecção de casos autóctones de LT para cada um dos anos de 

2001 a 2015 mostra estatisticamente a existência de autocorrelação espacial (p<0,05), exceto 

no ano de 2001 (I=-0,456 e p=0,676). Os mapas de distribuição de LT no estado do Paraná 

evidenciam a existência de clusters em áreas de produção desta doença nos pólos Ivaí-Pirapó, 

Tibagi, Cinzas-Laranjinha e Ribeira. No segundo trabalho o objetivo foi avaliar a influência da 

vegetação remanescente do estado do Paraná e a ocorrência de casos de LT. Foram utilizados 

dados de casos autóctones de LT, de 2012 e 2013, segundo o SINAN, e dados de vegetação 

remanescente da Fundação SOS Mata Atlântica e Instituto Nacional de Pesquisas Espaciais 

(INPE). Foi usada a modelagem SAR (simultaneous autoregressive model), tendo como 

variável independente o coeficiente de detecção de casos autóctones de LT e as variáveis 

dependentes, no caso, a vegetação natural (km2), o percentual de vegetação natural, a altitude, 

o total de casos e a densidade de casos por km2. Em 2012 e 2013 ocorreram 513 casos de LT, 

em 85 (21,30%) de 399 municípios, no estado do Paraná. Os municípios com maiores 

coeficientes de detectação nos anos de 2012 e 2013 foram: Jussara (191,83), Japurá (113,06), 

São Tomé (109,19), Tomazina (103,48), Adrianópolis (102,39) e São Jerônimo da Serra 

(78,73). Os cálculos de regressão dos dados revelam significância somente para a densidade de 



 

casos (Z=22,1359, p=<2e-16), sugerindo que há risco da ocorrência de LT em áreas em que a 

vegetação remanescente de floresta estacional semidecidual está mediamente ou muito alterada 

nos pólos de produção Ivaí-Pirapó, Tibagi e Cinzas-Laranjinha. O uso de georreferenciamento 

espacial é útil para a determinação de áreas de risco de LT, porém não se deve subestimar o 

conhecimento das condições ambientais locais que exercem profunda influência na 

epidemiologia desta doença.  

Palavras-chave: Leishmaniose Tegumentar; Epidemiologia; Zoonose; Análise Espacial 

 

 



 

Geostatistical analysis of areas of risk of cutaneous leishmaniasis in the state of 

Paraná 

 

ABSTRACT 

The geographic distribution of cutaneous leishmaniasis (CL) has demonstrate great importance 

in all states of Brazil. The state of Paraná is responsabible for the highest number of CL cases 

in southern region. The use of the geostatical analysis for understand the spatial distribution of 

CL, facilitates to determine the high-risk areas and understand the influence of man's actions 

for occurrence of the disease in these areas. This study is composed of two works. At first, we 

used the global Moran index local index of spatial association (LISA) and making categories 

maps of direct association (high-high and low-low) and negative association (high-low and low-

high), with data for the period 2001-2015 the Sistema de Informação de Agravos de Notificação 

(Information System for Notifiable Diseases - SINAN) of autochnous cases of CL in Paraná. In 

this state, from 2001 to 2015, there were 4,557 cases with average of 303.8 (± 135.2), detection 

rate was 2.91 and spatial density per km2 was 0.023 at 268 municipalities. The municipalities 

with the highest detection coefficient were Jussara (237.47), Adrianópolis (165.03), Cerro Azul 

(108.29), Ivatuba (108.11) and Japura (89.35). Moran global index for the CL autochthonous 

case detection coefficient for each of the years 2001 to 2015 shows statistically the existence of 

spatial autocorrelation (p <0.05), except for the year 2001 (I = -0.456 e = 0.766). CL distribution 

maps in the state of Paraná show the existence of clusters in areas of production of this disease 

in the Ivaí-Pirapó, Tibagi, Cinzas-Laranjinha and Ribeira hubs. Second study was objective to 

evaluate the influence of remaining vegetation of the state of Paraná and occurrence of CL 

cases. Data from autochthonous cases of CL, 2012 and 2013, according to SINAN, and data on 

remaining vegetation of the Fundação SOS Mata Atlântica (SOS Mata Atlântica Foundation) 

and the Instituto Nacionais de Pesquisas Espaciais (INPE; National Institute of Spatial 

Research) were used. The simultaneous autoregressive model (SAR) model was used, having 

as independent variable the coefficient of detection of CL autochthonous cases and the 

dependent variables, in this case, natural vegetation (km2), percentage of natural vegetation, 

altitude, total of cases and spatial density per km2. In 2012 and 2013, 513 cases of CL occurred 

in 85 (21.30%) of 399 municipalities in Paraná state. Municipalities with the highest detection 

coefficients in 2012 and 2013 were: Jussara (191.83), Japurá (113.06), São Tomé (109.19), 

Tomazina (103.48), Adrianópolis (102.39) and São Jerônimo da Serra (78.73). Regression 

calculations of data reveal significance only for the spatial density (Z = 22,1359, p = <2e-16), 



 

suggesting that there is a risk of CL occurrence in areas where the remaining vegetation of 

semideciduous seasonal forest is moderately or much altered in the production centers Ivaí-

Pirapó, Tibagi and Cinzas-Laranjinha. The use of spatial georeferencing is useful to 

determination of areas at risk of CL, but one should not underestimate the knowledge of local 

environmental conditions that exert a profound influence on the epidemiology of this disease. 

Keywords: Cutaneous Leishmaniasis; Epidemiology; Zoonosis; Spatial Analysis. 
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CAPITULO I 

 

INTRODUÇÃO 

A leishmaniose tem três formas clínicas distintas: leishmaniose visceral (LV), que 

pode ser fatal se não tratada; leishmaniose tegumentar (LT), que é a forma mais comum e a 

leishmaniose mucocutânea (LM), que tem como característica a desfiguraração do paciente 

(OMS, 2017). A leishmaniose está amplamente distribuida no mundo, onde aproximadamente 

350 milhões de pessoas vivem em áreas risco de infecção por Leishmania (DESJEUX, 2004).  

O Brasil tem destaque na ocorrência de casos de leishmaniose, principalmente em 

relação à LT, pois de 1993 a 2012, a média anual casos autóctones notificados foi 26.965, com 

coeficiente de detecção (casos autóctones/100.000 habitantes) de 15,7 (BRASIL, 2016). A LT 

é endêmica no Brasil, com aumento de casos ao longo do período referido, destacando-se os 

anos de 1994 e 1995, com coeficientes de detecção de 22,83 e 22,94, respectivamente 

(BRASIL, 2016). Os dados mostram a expansão geográfica desta dermatose no Brasil, pois na 

década de 80 do século passado havia registro de casos em 19 estados, enquanto em 2003 

ocorreram casos em todos os estados (BRASIL, 2016).  

O estado do Paraná responde pelo maior número de casos de LT na região sul do país, 

no período de 1980 e 2014, atingindo 15.456 casos (BRASIL, 2006; 2016). Historicamente os 

casos de LT são constatados no norte, oeste e sudeste do Paraná, com casos relatados no início 

do século XX, ao lado da expansão da monocultura cafeeira (LUZ et al., 2000). As epidemias 

nos anos de 1930 a 1950 surgiram como consequência das ações humanas no processo de 

colonização do interior deste estado (LUZ et al., 2000). Cabe lembrar que as ações para o 

controle e erradicação da malária na década de 50, com o uso de inseticidas clorados, refletiram 

indiretamente no controle da LT no Paraná, diminuindo drasticamente o número de casos (LUZ 

et al., 2000). Porém, o registro de casos da doença a partir de 1980 mostra o retorno da 

enfermidade, com característica endêmica (SILVEIRA et al., 1996; SILVEIRA et al., 1999; 

LIMA et al., 2002).  

A ineficiência dos serviços de saúde pública e o despreparo de profissionais têm 

dificultado as ações de controle de vetores, que é fundamental para o controle da LT (SEN 

GUPTA, 1975; ALEXANDER, MAROLI, 2003). O que requer a sensibilização de populações 

que vivem em áreas de risco para usarem medidas baratas e práticas que venham a ser 

incorporadas na sua rotina diária para o controle da doença (ALENCAR, 1983; TOWNSON et 

al., 2005). Este foco tem sido o objetivo de trabalhos efetuados no estado do Paraná 

(TEODORO et al., 1993; 2001; 2003, 2006; LUZ et al., 2000; MEMBRIVE et al., 2004; 
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MASSAFERA et al., 2005; CELLA et al., 2011; CRUZ et al., 2013; REINHOLD-CASTRO et 

al., 2013). 

O conhecimento da distribuição geográfica da LT permite formular hipóteses sobre as 

variáveis geográficas e ambientais que influenciam a produção da doença, assim como no 

planejamento e direcionamento de políticas públicas de saúde de ações mais adequadas para o 

controle, especialmente de vetores (KING et al., 2004). O modelo de colonização das 

mesorregiões norte central, centro ocidental e noroeste do estado do Paraná, como fator de risco 

para LT, destaca que as condições necessárias à produção dessa doença foram criadas 

possivelmente no processo de ocupação e organização do espaço rural das mesorregiões 

referidas e, posteriormente, com a mudança do cultivo de café para outras culturas, provocada 

pela crise da monocultura cafeeira (MONTEIRO et al., 2008). A densidade de casos de LT 

mostra a ocorrência de dois circuitos da produção da doença no estado do Paraná, o circuito 

Paraná-Paranapanema, constituido dos pólos Cinzas-Laranjinha, Tibagi, Ivaí-Pirapó, Piquiri e 

Baixo Iguaçu, e o circuito Ribeira, representado pelo o pólo Alto Ribeira (MONTEIRO et al., 

2009). Anteriormente, Lima et al. (2002) alertaram sobre a possibilidade de ocorrência de LT 

em outras areás no estado do Paraná, com características ambientais semelhantes às dos 

municipios de Cianorte, Japúrá, Jussara e São Tomé. 

A compreensão da distribuição de agravos a saúde é importante para estabelecer ações 

de vigilância, prevenção e controle (MEDRONHO et al., 2003; EISEN, EISEN, 2008; 

MAGALHÃES, 2012). A análise estatística de dados do geoprocessamento facilita 

compreensão da distribuição de agravos e possibilita a confecção de mapas de risco de agravos 

à saúde (MAGALHÃES, 2012).  
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AGENTE ETIOLÓGICO 

A leishmaniose é causada por protozoários parasitos intracelulares do gênero 

Leishmania, transmitidos pela picada de insetos denominados flebotomíneos. Os parasitos 

apresentam-se em duas formas principais: uma flagelada ou promastigota, encontrada no 

tubo digestório do inseto vetor, e outra aflagelada ou amastigota, observada nos tecidos dos 

hospedeiros vertebrados (BRASIL, 2007, 2016). 

No Brasil, foram identificadas sete espécies do gênero Leishmania, sendo seis do 

subgênero Viannia e uma do subgênero Leishmania. As três principais espécies que causam 

leishmaniose nesse país são: Leishmania (Leishmania) amazonensis (Lainson & Shaw, 

1972); Leishmania (Viannia) guyanensis (Floch, 1954): Leishmania (Viannia) braziliensis 

(Vianna, 1911) (BRASIL, 2016). Leishmania amazonensis causa lesões cutâneas e 

eventualmente difusas (anérgicas) e ocorre desde a América Central até o norte, nordeste e 

sudeste da América do Sul; Leishmania guyanensis causa predominantemente lesões 

cutâneas e ocorre na parte da América do Sul, restrita à bacia amazônica; Leishmania 

braziliensis causa lesões cutâneas e mucosas com ampla distribuição geográfica da América 

Central ao norte da Argentina (BRASIL, 2016). 

 

VETORES 

A relação vetor-hospedeiro tem interesse epidemiológico, pois o conhecimento do 

hábito alimentar e dos animais mamíferos como fontes sanguíneas esclarece a participação 

de ambos no ciclo de Leishmania. Miranda et al. (1998) afirmam a fonte sanguínea, 

juntamente com os parâmetros ecológicos, determinam a distribuição e a possível ocorrência 

da doença. A atuação de um flebotomíneo como vetor depende do sucesso do parasito ao 

multiplicar-se no interior do seu tubo digestório, o que por sua vez está na dependência da 

habilidade do parasito em superar as barreiras, tais como a resistência à ação de enzimas 

digestivas, capacidade de atravessar a membrana peritrófica e aderir às células epiteliais no 

tubo digestório deste inseto (KILLICK-KENDRICK, 1990; PAUL READY, 2013).  

Na América existem cerca de 500 espécies de flebotomíneos conhecidos, entretanto 

apenas 30 espécies são vetores de leishmaniose. Aa fêmeas realizam a hematofagia para o 

desenvolvimento dos ovos (Figura 1). Durante esse procedimento pode ocorrer o consumo 

de sangue infectado por formas amastigotas de Leishmania sp. que após o período de quatro 

a 25 dias se modifica para as formas promastigotas que são inoculadas juntamente com a 

saliva durante o repasto sanguíneo no hospedeiro vertebrado (OMS, 2017). As espécies de 

flebotomíneos Nyssomyia neivai (Pinto), Nyssomyia whitmani (Antunes & Coutinho) e 
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Migonemyia migonei (França) foram identificadas como vetores de Leishmania (LUZ et al. 

2000; OLIVEIRA et al. 2011; NEITZKE-ABREU et al. 2014), com ampla distribuição no 

estado do Paraná (SILVA et al. 2008). 

 
 

 

 

 

 

 

 

Figura 1.  Fêmea de flebotomíneo ingurgitada durante o processo de hematofagia. Fonte: OMS (2017) 

 

Os estudos sobre a fauna e o comportamento de flebotomíneos, no Estado do Paraná, 

têm contribuido para esclarecer a epidemiologia da LT e as ações de controle desses insetos 

(TEODORO et al., 1993; 2001; 2003, 2006; LUZ et al., 2000; MEMBRIVE et al., 2004; 

MASSAFERA et al., 2005; CELLA et al., 2011; CRUZ et al., 2013; REINHOLD-CASTRO 

et al., 2013). 

 

HOSPEDEIROS VERTEBRADOS E RESERVATÓRIOS 

Na América mais de 40 espécies de mamíferos silvestres de ordens as mais distintas 

são conhecidas como reservatórios de Leishmania spp. (GRIMALDI, TESH, 1993). No 

Brasil, a infecção natural por Leishmania braziliensis foi detectada em roedores dos gêneros 

Oryzomys, Akodon, Holochilus, Proechimys, Rattus, Rhipidomys, Bolomys, Nectomys e 

marsupiais Didelphis (FORATTINI et al., 1972; LAINSON, SHAW, 1973; LAINSON, 

SHAW, 1979; LAINSON et al., 1981a; LAINSON et al. 1981b; BRANDÃO-FILHO et al., 

1994; VASCONCELLOS et al., 1994; BRANDÃO-FILHO et al., 2003).   

Infecções por Leishmania foram descritas em várias espécies de animais silvestres, 

sinantrópicos e domésticos (canídeos, felídeos e equídeos) (GRIMALDI, TESH, 1993). Nas 

primeiras décadas do século passado procurou-se descobrir em todo o mundo reservatórios 

primários de protozoários do gênero Leishmania, considerando o reservatório como um 

sistema ecológico no qual o agente infeccioso persiste indefinidamente (ASHFORD, 1996; 

ASHFORD, 2000).  

No estado do Paraná, a ocorrência de infecção de cães, equinos e animais silvestres 
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por Leishmania sp. está intimamente relacionada ao surgimento de casos em humanos 

(SILVEIRA et al. 1996; LONARDONI et al. 2006; VOLTARELLI et al. 2009; MEMBRIVE 

et al. 2012).  

As alterações do meio ambiente decorrentes das ações antrópicas para a exploração de 

recursos naturais e agricultura modificaram a epidemiologia da LT viabilizando o surgimento 

de novas áreas endêmicas (LAINSON, SHAW, 1998).  

A diversidade de parasitos e a negligência em relação as leishmanioses pelos serviços de saúde 

pública mostram a importância de estudos eco-epidemiológicos, envolvendo hospedeiros, 

reservatórios e flebotomíneos, vetores de Leishmania spp. 

 

INTERAÇÃO DE PARASITOS, VETORES E RESERVATÓRIOS EM ÁREAS 

ANTRÓPICAS 

No estado do Paraná o ciclo de Leishmania em focos naturais tem relação íntima com 

áreas florestais naturais próximas às áreas de produção agropecuária tradicional. As áreas com 

maior intensidade de casos localizam- se sobretudo nas bacias dos rios Ivaí e Pirapó, onde há 

florestas residuais nativas (LIMA et al. 2002; MONTEIRO et al. 2008; MONTEIRO et al. 2009) 

(Figura 2). Na zona urbana, a doença ocorre em áreas com fragmentos preservados de cobertura 

florestal, a exemplo dos municípios de Maringá (TEODORO et al. 1998; LIMA et al. 2002) e 

Cianorte (LIMA et al. 2002). Apesar da substituição da vegetação original de florestas pelas 

culturas de café, soja, milho, algodão, cana-de-açúcar e por pastagens, a persistência da LT no 

Paraná é fruto de adaptações bem sucedidas de vetores e reservatórios de parasitos em áreas 

antrópicas (LIMA et al. 2002). 

 

Figura 2. Bacias Hidrográficas do Paraná, Brasil. Fonte: SEMA (2007)  
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EPIDEMIOLOGIA 

LT ocorre na América, na bacia do mediterrâneo, no Oriente Médio e na Ásia Central 

(OMS, 2017). Afeganistão, Brasil e Irã são os países de maior ocorrência, com mais de dois 

terços dos casos (OMS, 2017). Em países como Argélia, Colômbia e Síria, estima-se que há de 

700 mil a 1,3 milhões de novos casos anuais (Figura 3) (OMS, 2017). Na América Latina o 

número de casos de LT se mantém elevado, especialmente no Brasil, onde foram registrados 

587.962 casos, no período de 1990 a 2011 (BRASIL, 2016).  

Figura 3.  Situação da endemia de leishmaniose tegumentar mundial, 2013. Fonte: OMS ( 2017) 

 

No Brasil, a partir da década de 80, houve crescimento extraordinário do número de 

casos com maior número de notificações em 1994 e 1995 (BRASIL, 2007) (Figura 4A). No 

período de 1985 a 2016, a média anual de casos registrados foi de 19.521, observando-se a 

estabilidade da LT como endemia até 2013, com queda brusca de casos a partir deste ano 

(Figura 4B) (BRASIL, 2016). 
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Figura 4.  Casos notificados de leishmaniose tegumentar americana, Brasil – 1980 a 2016. Fonte: BRASIL (2017) 

 

Na região sul do Brasil, de 1990 a 2011, ocorreram 13.161 casos de LT, dos quais 

94,9% no estado do Paraná (BRASIL, 2016). A incidência de casos de LT no Paraná foi 

relatada no início do século XX no norte, oeste e sudoeste deste estado (LUZ et al., 2000). 

Períodos epidêmicos da doença ocorrem entre 1930 e 1950, durante o processo de 

colonização do interior do estado em decorrência da introdução da monocultura de café (LUZ 

et al., 2000). As campanhas de controle da malaria com o uso de inseticidas clorados 

contribuiram para a diminuição de casos de LT no estado na década de 1950. Contudo, a 

doença retornou na década de 1980 e persiste de forma endêmica em áreas na zona rural e 

urbana (SILVEIRA et al., 1996; SILVEIRA et al., 1999; LIMA et al., 2002). 
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ANÁLISES ESPACIAIS 

As análises espaciais utilizadas na Saúde Pública auxiliam na compreensão dos 

padrões espaciais de risco humano para a exposição a vetores e seus patógenos associados 

(MAGALHÃES, 2012). Estas análises pressupõem que os dados mais próximos e 

espacialmente correlacionados tenham um comportamento semelhante entre si (CÂMARA 

et al., 2002). A análise geoestatística permite a confecção de mapas de risco de ocorrência 

de doenças (MAGALHÃES, 2012).  

Um dos principais testes para detectar a autocorrelação espacial é o Índice de Moran, 

definido como (ANSELIN, 2013): 
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em que: 

,i jy y  são as observações coletadas nos pontos i  e j   respectivamente; 

y  é o valor médio; 

ijw  é o componente de vizinhança espacial; 

n  é o tamanho da amostra. 

 

 Este teste permite verificar se há interferência do fator espacial em nível geral, mas não 

determina os fatores que influem na ocorrência de agravos em saúde. Após verificar a existência 

de autocorrelação espacial, determina-se com a modelagem do fenômeno em estudo com base 

no seu objetivo. 

 

INDICADORES LOCAIS DE ASSOCIAÇÃO ESPACIAL 

Mesmo que o Indice Global de Moran indique devidamente o comportamento espacial, 

ele gera apenas um valor de associação para toda a área estudada (ANSELIN, 2013). 

Quando há um número elevado de áreas, pode ser que haja a necessidade de examinar 

com mais detalhes a diferença entre elas, identicando se há locais com dependência espacial 

mais acentuada (ANSELIN, 2013). 

Os testes locais avaliam a covariância entre um determinado polígono e uma certa 

vizinhança definida em função de uma distância d (ANSELIN, 2013). 
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Dado um modelo de vizinhança pré-estabelecido, a estatístistica espacial local 

quantifica os graus de associação espacial que cada localização do conjunto amostral está 

submetida. Tal resultado é possível a partir de indicadores locais de associação espacial 

(ANSELIN, 2013). 

Segundo Anselin (2013), a soma de todos os LISAs (valores de autocorrelação local) é 

diretamente proporcional aos valores de autocorrelação global, apontando que o indicador local 

seja uma decomposição do global. 

Os LISAs permitem que os indicadores globais se decomponham em contribuições 

individuais que indicam porções territoriais de não estacionariedade e identificação de clusters, 

pois geram um índice para cada área, evidenciando as que possuem maiores semelhanças 

(ANSELIN, 2013). 

Um dos LISAs mais utilizados é o Indice Local de Moran (Ii): 

𝐼𝑖 (𝑑) =
(𝑥𝑖 − 𝑥)̅̅ ̅

𝑠2
∑ 𝑤𝑖𝑗(𝑑) (𝑥𝑖 − 𝑥)̅̅ ̅ 

 

𝑥𝑖  são as amostras coletadas nos pontos i ; 

𝑥̅  é o valor médio; 

ijw  é o componente de vizinhança espacial; 

𝑠2 é a variância 

 

O índice local de Moran determina a autocorrelação espacial a partir do produto dos 

desvios em relação à média como uma medida de covariância. Quando o cálculo resulta em um 

valor alto, interpretamos que existe alta probabilidade de existirem locais de associação espacial 

em regiões com altos ou baixos valores associados. Com essa análise podemos determinar áreas 

dentro de uma determinada região de estudo, seja município ou estado, com maiores ou menores 

risco de ocorrência de determinada doença ou agravo (ANSELIN, 2013). 

 

MODELO SIMULTÂNEO AUTOREGRESSIVO  

O modelo SAR (simultaneous autoregressive model) utiliza uma regressão de valores 

de outras áreas para modelar a dependência espacial (BIVAND et al., 2008). Isto significa que 

o erro   é modelado considerando sua dependência com os outros erros, isto é, 
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em que 

ijb   são valores que representam a dependência espacial entre áreas; 



25 
 

i  representa o erro residual que é considerado independente e identicamente distribuído 

segundo uma normal com média zero e variância constante. 

Este modelo é conhecido como modelo misto de regressão espacial, o que significa a 

possibilidade de análise de uma variável independente em relação a outras variáveis 

dependentes (ex: idade dos pacientes, condições socioeconômicas, vegetação etc.) na 

autocorrelação espacial de determinado agravo. 

 

JUSTIFICATIVA 

A dimensão da distribuição geográfica e a densidade de casos da  LT nos circuitos 

Paraná-Paranapanema e Ribeira de produção da doença, o modelo de colonização e ocupação 

do espaço rural,  são fortes argumentos para a análise ininterrupta da situação deste agravo no 

estado do Paraná. O que pode ser realizado com a incorporação de técnicas de 

geoprocessamento e análise espacial nos estudos de epidemiologia de agravos à saúde 

(MAGALHÃES, 2012). O geoprocessamento é um conjunto de técnicas de coleta, tratamento 

e manipulação de dados geográficos que exibem informações geograficamente referenciadas, 

tornando-se uma ferramenta valorosa na análise da dinâmica de agravos em saúde pública e 

suas relações com o meio ambiente (MEDRONHO et al., 2003; MAGALHÃES, 2012). 

A análise de dados de geoprocessamento de áreas de ocorrência de LT com diferentes 

graus de antropia ambiental no estado do Paraná, pode proporcionar a produção de mapas de 

risco para auxiliar de forma mais eficaz o conhecimento e  o controle desta zoonose no estado. 
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OBJETIVOS 

 
 GERAL 

Estabelecer as áreas de risco da LT associadas aos diferentes graus de antropia 

ambiental no estado do Paraná 

 

ESPECÍFICOS 

Avaliar as áreas de risco da LT no período de 2001-2015, utilizando métodos de análise 

estatística do geoprocessamento de dados; 

Analisar o risco da ocorrência de LT em áreas de vegetação remanescente, nos anos 

de 2012-2013, utilizando métodos de análise estatística do geoprocessamento de dados; 

Identificar as áreas com maior risco de ocorrência de LT no estado do Paraná. 
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Abstract 

The geographic distribution of cutaneous leishmaniasis (CL) makes it a disease of major 

clinical importance in Brazil, where it is endemic in the state of Paraná. The objective of this 

study was to analyze the spatial distribution of CL in Paraná between 2001 and 2015, based on 

data from the Sistema de Informação de Agravos de Notificação (Information System for 

Notifiable Diseases) regarding autochthonous CL cases. Spatial autocorrelation was performed 

using Moran’s Global Index and the Local Indicator of Spatial Association (LISA). The 

construction of maps was based on categories of association (high-high, low-low, high-low, 

and low-high). A total of 4,557 autochthonous cases of CL were registered in the state of 

Paraná, with an annual average of 303.8 (± 135.2) and a detection coefficient of 2.91. No 

correlation was found between global indices and their respective significance in 2001 (I = -

0.456, p = 0.676), but evidence of spatial autocorrelation was found in other years (p< 0.05). 

In the construction and analysis of the cluster maps, areas with a high-high positive association 

were found in the Ivaí-Pirapó, Tibagi, Cinzas-Laranjinha, and Ribeira areas. The state of Paraná 

should keep a constant surveillance over CL due to the prominent presence of socioeconomic 

and environmental factors such as the favorable circumstances for the vectors present in peri-

urban and agriculture áreas.  

Keywords: Leishmaniasis; Epidemiology; Zoonoses; Spatial Analysis  
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Introduction 

Leishmaniasis is a globally distributed disease. Approximately 350 million people are 

currently at risk of contracting at least one of its variants [1]. Brazil had an annual average of 

26,965 registered cases of cutaneous leishmaniasis (CL) from 1993 to 2012, with an average 

detection coefficient of 15.7 cases for every 100,000 inhabitants [2]. Throughout this period, 

an increasing trend was observed, with higher coefficients in 1994 and 1995, 22.83 and 22.94 

cases for every 100,000 inhabitants, respectively [2]. When analyzing the evolution of CL in 

Brazil, one noticeable factor is its geographical expansion. At the beginning of the 1980s, 

autochthonous cases were registered in 19 states. By 2003, every state in the country had 

registered cases of CL [2]. Since the early 1900s, human cases of CL have been registered in 

northern, western, and southeastern regions of the state of Paraná. In the northern region of 

Paraná, the disease reached epidemic proportions between the 1930s and 1950s when the area 

was experiencing significant immigration [3]. The incidence dropped drastically during the 

1950s as a direct result of public campaigns for the eradication of malaria and the use of 

insecticides [3]. However, since the 1980s, the incidence of CL has returned to endemic 

proportions in the state of Paraná [2,4]. 

In Brazil, Leishmania (Viannia) braziliensis, L. (Leishmania) amazonensis, and L. 

(V.)guyanensis have been the most frequent causes of CL in humans [2]. In Paraná, CL is 

directly linked to wild transmission cycles of the parasite in natural foci that persist in forest 

preserve areas and traditional agricultural production zones [5-7]. Cutaneous leishmaniasis 

persists in the state despite the replacement of natural vegetation with corn, cotton, and pasture 

plantings, affecting individuals of all age groups and both genders [5-7]. Anthropogenic actions 

that affected the environment and increased urbanization and socioeconomic pressure may 

have contributed to an increase in endemic areas and outbreaks in urban areas [5]. In areas that 

have been modified by human activity, CL has been found in environmental preservation areas 



36 
 

with small patches of forest, such as the cities of Maringá [5,8] and Cianorte [5]. 

Understanding spatial patterns with the use of human risk geoprocessing techniques is 

important for the proper guidance of prevention, surveillance, and control measures [9-11], 

based on the assumption that spatially related data samples within close proximity to each other 

possess similar behavior. The use of geoprocessing techniques and statistical spatial analysis 

enables the creation of maps that detail the risk of occurrence of CL. Based on these analyses, 

associations between cases of CL and different degrees of anthropogenic activity can be 

determined in areas where there is notification of the disease, with the goal of identifying 

possible patterns between such areas [10]. The aim of the present study was to use statistical 

spatial analysis in the state of Paraná to evaluate the dynamics of CL occurrence from 2001 to 

2015 in an attempt to support planning control measures that can effectively mitigate the impact 

of the disease on the population. 

 

Materials and methods 

Study area 

The state of Paraná is in southern Brazil (22º30’58” and 28º43’00” S; 48º05’37” and 

54º37’08” W). It has an area of 199,307.945 km2 and an estimated population of 11,163,018, 

with a demographic density of 52.40 inhabitants per square kilometer in 2015 [12-13]. Paraná 

has 399 municipalities that are distributed into 10 macro regions (i.e., geopolitical subdivisions 

that encompass several municipalities with economic and social similarities) and 39 micro 

regions (i.e., a group of neighboring municipalities) [12-13]. 

Paraná has three distinct climatic groups, according to the Köppen climate classification 

system: (1) Humid Subtropical Climate – Mesothermal (Cfa), with an average high temperature 

of 22ºC that can reach 40ºC in the north, west, and Ribeira river valley and an average low 
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temperature of 18ºC (this is the most widespread type of climate in the state, (2) Temperature 

Oceanic Climate – Mesothermal (Cfb), with an average temperature of 18-22ºC, and (3) 

Tropical Rainforest Climate – Megathermal (Af), which is restricted to the coastal strip and 

has an average temperature above 18ºC [14]. 

 

Data collection 

To analyze the spatial distribution of autochthonous cases of CL in the state of Paraná, 

we used data from the Sistema de Informação de Agravos de Notificação (SINAN; Information 

System for Notifiable Diseases) from January 2001 to December 2015. To calculate the 

detection coefficient (autochthonous cases per 100,000 inhabitants), we used the estimated 

annual population and the territorial area of each municipality, based on the Instituto Brasileiro 

de Geografia e Estatística (Brazilian Institute for Geography and Statistics) [12-13]. We 

gathered information on gender, age, clinical form of CL, and proportion of CL patients that 

achieved clinical cure. In the present study, we focused on municipalities with detection 

coefficients >10.0 because the highest risk for CL transmission in these areas.  

 

Statistical analysis 

The spatial analysis was conducted in three stages. In the first stage, a test was 

performed to detect spatial autocorrelation and verify global spatial dependency against the 

incidence of autochthonous cases of CL [15]. In the second stage, the Local Indicator of Spatial 

Association (LISA) was employed to analyze local spatial association, which produces a 

specific value for each municipality and allows the identification of clusters of municipalities 

with local similarities in terms of the incidence of CL [15]. In the third stage, maps were 

constructed by category, with two possible classes of direct association (high-high and low-

low) and two possible classes of negative association (high-low and low-high) [15]. 
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To detect spatial autocorrelation, Moran’s Global Index (Moran’s I) was used, defined 

as: 
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where ,i jy y are the samples collected at points i  and j , respectively, y is the mean value, 

ijw is the spatial neighboring component, and n is the size of the sample. 

 

For LISA, Moran’s Local Index was used, defined as: 

 

𝐼𝑖(𝑑) =
(𝑥𝑖 − 𝑥)̅̅ ̅

𝑠2
∑ 𝑤𝑖𝑗(𝑑) (𝑥𝑖 − 𝑥)̅̅ ̅ 

 

where 𝑥𝑖is the sample collected at point i , 𝑥̅ is the mean value, 
ijw is the spatial 

neighboring component, and 𝑠2is the variance. 

All of the statistical analyses were performed with software R environment confidence 

interval of 95% [16] and with package “spdep” [17-18]. This package provides a collection of 

functions to create spatial weights matrix objects from polygon contiguities, from point patterns 

by distance and tessellations, for summarizing these objects, and for permitting their use in 

spatial data analysis, including regional aggregation by minimum spanning tree. 

 

Results 

From 2001 to 2015, 4,557 cases of CL were diagnosed in the state of Paraná, with an 

average annual case rate of 303.8 (±135.2), a detection coefficient of 2.91, and a density of 



39 
 

0.023 cases per km2. The year with the highest number of cases was 2003 (629 cases) with a 

detection coefficient of 6.35 (Fig 1). Males between 20 and 59 years of age were most affected, 

with a predominance of the cutaneous clinical form and evolution of the majority of the treated 

cases to clinical cure (77.77%) (Table 1). 

 

Fig 1. Distribution of cutaneous leishmaniasis cases in the state of Paraná, Brazil, from 2001 to 2015.  
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TABLE 1 Demographic and clinical characteristics of cutaneous leishmaniasis cases in the state of Paraná, Brazil, from 

2001 to 2015 by the chi-squared test. 

Characteristic n % p-value 

Gender    <0.001 

Male 3,137 68.84  

Female 1,420 31.16  

Age Group (years)    <0.001 

>1 33 0.72  

1-4 76 1.67  

5-9 184 4.04  

10-14 228 5.00  

15-19 281 6.17  

20-39 1,490 32.70  

40-59 1,435 31.49  

60-64 278 6.10  

65-69 228 5.00  

70-79 246 5.40  

≥80 78 1.71  

Clinical form   <0.001  

Cutaneous 4,145 90.96  

Mucocutaneous 410 9.00  

Not informed 2 0.04  

Case outcome   <0.001 

    

Clinical cure 3,544 77.77  

Abandonment of treatment 107 2.35  

Death related to CL 7 0.15  

Death of other cause 62 1.36  

Transfer 44 0.97  

Change diagnosis 44 0.97  

Not informed 749 16.44  

 

The occurrence of CL cases was verified in 268 municipalities (61.17%); of these, eight 

municipalities (2.99%) had a detection coefficient ≥ 71.0, 35 municipalities (13.06%) had a 

detection coefficient between 10.0 and 71.0, 95 municipalities (35.45%) had a detection 

coefficient between 2.5 and 10.0, and 130 municipalities (48.51%) had a detection coefficient 

<2.5. 

Among the 268 municipalities in the state with registered cases of CL, the following 

were especially notable: 341 in Londrina (7.48%), 331 in Cianorte (7.26%), 279 in Cerro Azul 

(6.12%), 232 in Jussara (5.09%), 184 in Terra Boa (4.04%), 177 in Bandeirantes (3.88%), 158 

in Adrianópolis (3.47%), 134 in Umuarama (2.84%), 111 in Japurá (2.44%), and 86 in Maringá 
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(1.89%). Altogether, these municipalities comprised 44.61% of all cases of CL in the study 

period. The municipalities with the highest detection coefficients were Jussara (237.47), 

Adrianópolis (165.03), Cerro Azul (108.29), Ivatuba (108.11), and Japurá (89.35) (Table 2). 

 

TABLE 2 Number and detection coefficient of cases of cutaneous leishmaniasis in municipalities with a detection 

coefficient >10.0 in the state of Paraná, Brazil, from 2001 to 2015. 

Municipality No. of cases 
Detection 

coefficient* 
Municipality 

No. of 

cases 

Detection 

coefficient* 

Abatiá 22 19.13 Japurá 111 89.35 

Adrianópolis 158 165.03 Jussara 232 237.47 

Araruna 23 11.44 Lobato 10 15.29 

Ariranha do Ivaí 9 23.58 Munhoz de Melo 6 11.21 

Bandeirantes 177 35.85 Nova Tebas 11 10.58 

Cambira 13 12.17 Pinhalão 25 26.49 

Cândido de Abreu 54 20.88 Porto Rico 5 13.68 

Carlópolis 82 39.69 Prudentópolis 81 11.21 

Cerro Azul 279 108.29 Rio Bom 13 26.22 

Cianorte 331 32.89 Rio Bonito do Iguaçu 75 32.67 

Colorado 50 15.00 Sabaúdia 11 12.57 

Conselheiro Mairinck 9 16.66 Santa Amélia 9 14.84 

Corumbataí do Sul 12 19.53 São Carlos do Ivaí 12 12.65 

Cruzeiro do Sul 8 11.56 São Jerônimo da Serra 67 39.26 

Doutor Camargo 74 85.12 São Jorge do Ivaí 72 80.54 

Doutor Ulysses 37 40.48 São Jorge do Patrocínio 39 45.26 

Enéas Marques 12 13.24 São Tomé 49 61.74 

Engenheiro Beltrão 71 33.81 Terra Boa 184 79.61 

Grande Rios 14 13.01 Tomazina 47 35.25 

Icaraíma 38 28.01 Tuneiras do Oeste 66 52.08 

Itambaracá 32 32.68 Uniflor 7 19.47 

Ivatuba 48 108.11 Total 2,685 38.69 

*Cases per 100,000 inhabitants. 

The results of the global indices and their respective significance revealed no 

correlation in 2001 (I = -0.456, p = 0.676). In subsequent years, statistical evidence of a spatial 

correlation (Table 3) allowed the construction of LISA cluster maps (Fig 2). Fig 2 shows a 

high-high cluster area in municipalities in the Lower Ivaí Basin in each year from 2002 to 2015. 

High-high clusters were also observed in other basins, such as those of the Pirapó, Tibagi, and 

Ivaí Rivers. These were smaller in 2010 and 2014 and not evident in 2002. In the Ribeira River 

basin, a high-high association was found during the study years, except in 2002, 2005, 2010, 
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2011, 2012, and 2014. In 2010, Curitiba was a high-high cluster area, with a direct association 

for the occurrence of CL. In 2003, the highest number of municipalities with a direct 

association was found in the Ivaí River Basin and Pirapó River Basin. In the municipalities of 

the Lower Iguaçu River Basin, a positive association was found only in 2005 (Fig 2). 

 

TABLE 3 Detection coefficient, Global Moran Index, and respective significance of cutaneous leishmaniasis in the state of 

Paraná, Brazil, between 2001 and 2015.  

Year Detection coefficient Global Moran Index p 

2001 0.60 -0.456 0.676 

2002 1.57 3.028 <0.01  

2003 6.35 7.344 <0.01 

2004 3.49 9.276 <0.01  

2005 2.64 2.689 <0.01  

2006 2.67 4.856 <0.01  

2007 3.17 11.120 <0.01  

2008 4.03 11.145 <0.01  

2009 2.97 11.084 <0.01  

2010 1.86 9.227 <0.01  

2011 2.39 8.305 <0.01  

2012 2.90 9.272 <0.01  

2013 1.87 6.473 <0.01  

2014 3.02 11.946 <0.01  

2015 4.04 8.376 <0.01  
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Fig 2. LISA cluster maps detailing the incidence of autochthonous cases of cutaneous leishmaniasis from 2002 

to 2015. Darker areas indicate direct spatial autocorrelation. Lighter areas indicate negative autocorrelation.  
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Discussion 

The spatial distribution of CL in all Brazilian states shows the importance of this disease 

in the country [2]. The spatial distribution of CL demonstrates the significance of this disease 

throughout Brazil, with an increase in the number of cases in the 1980s and 1990s [2]. In 

Paraná, the disease has been registered in areas of ancient colonization, contrary to the 

expectation that the increase in human activities in the environment would result in the 

elimination of natural foci of CL [2]. 

The majority of infected individuals in Paraná during the study period were male and 

located in municipalities where the main economic activity is agriculture [6,7]. The most 

affected age group was 20-59 years, probably related to the agriculture work or recreational 

activities like fishing near riparian forests of rivers and streams where the enzootic cycle of 

Leishmania remains [5]. This was also observed in the municipality of Teodoro Sampaio in the 

state of São Paulo, Brazil [19], and in the country of Iran [20], which have features that are 

distinctive from Paraná, signifying that men may engage in behaviors that can lead to a higher 

risk of CL. Previous studies reported that the proportion of infected individuals is similar 

between agricultural and domestic workers [6,7]. The majority of urban residents acquired CL 

in Paraná during the study period in the rural area suggesting that pendulum migration is an 

important risk factor for CL in mesoregions north central, western center and northwest. In the 

state of Paraná [6]. The considerable number of women and children with CL that have been 

identified in studies in Paraná, including the present study, corroborate this assessment [6,7]. 

The number of female cases (31.15%), although less than males, is notable. Such cases appear 

to be more related to activities that are connected with agricultural work and the construction 

of residences and domestic animal shelters that are in close proximity to modified native forest 

where the environment is fresher and more pleasant [7]. 

Although cases of CL were registered in 268 municipalities, the municipalities with the 
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highest detection coefficients were concentrated in the Ivaí-Pirapó CL hub, which is part of the 

Paraná-Paranapanema CL production circuit [7]. Examples of this are Jussara and Cianorte, 

which have large areas of moderately or highly altered residual forest and also secondary 

forests [5-7]. In the Alto Ribeira hub within the Ribeira circuit [7], the municipalities of 

Adrianópolis and Cerro Azul had elevated CL detection coefficients. 

Londrina is part of the Ivaí-Pirapó hub. Although the municipality of Londrina had a 

detection coefficient <10 because of its larger population, it was responsible for the highest 

number of cases of CL between 2001 and 2015. A cluster of municipalities with high detection 

coefficients was identified in the Cinzas-Laranjinha area (Parana-Paranapanema circuit), one 

example of which is the municipality of Bandeirantes. Cases of CL were also registered in the 

municipalities of Cândido de Abreu and Prudentópolis in the Tibagi area (Paraná-

Paranapanema circuit). A notable occurrence of cases was observed in the municipalities of the 

Lower Iguaçu area (Paraná-Paranapanema circuit), such as Rio Bonito do Iguaçu and Enéas 

Marques. Areas of high anthropogenic impact that is related to agriculture, especially corn, 

soybeans, sugar cane, and pasture, focus cases of CL in Paraná state [5]. 

The LISA map analysis revealed that only the municipalities of Jussara and Cianorte in 

the Ivaí-Pirapó area maintained a high-high association from 2002 to 2015. These 

municipalities play a major role in the production of CL in this area [7]. Previous studies have 

investigated Leishmania infection in dogs and wild animals in these areas [21-25]. The high 

number of phlebotomine sandflies in areas of altered native forest in the Ivaí-Pirapó area [3,26-

28] may partially explain the persistence of the high-high cluster throughout the duration of the 

study period. Interestingly, the sandfly species Nyssomyia neivai (Pinto), Nyssomyia whitmani 

(Antunes & Coutinho), and Migonemyia migonei (França) were identified as Leishmania 

vectors [3,29,30], which are widely distributed in the state of Paraná [31]. In 2003, the high-

high association covered all CL production areas in Paraná, with the exception of the Lower 
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Iguaçu area. 

The spatial analysis of the SINAN data from 2001 to 2015 allowed visualization of the 

local and global distribution, cluster formation, and spatial instability and identification of 

outliers of CL throughout the state of Paraná [32]. Beyond the use of georeferencing 

instruments, it is important to further investigate the migration of human populations and local 

conditions that influence the risk for CL in the referenced areas [33]. 

The public health surveillance should take into account the differences between the 

transmission patterns of each locality and the identified high-risk cluster in developing actions 

to mitigate the properties of the zoonosis in the state of Paraná. Moreover, the disease affects 

specific areas, such as Alto Ribeira, Ivaí-Pirapó, Tibagi, and Cinzas-Laranjinha. This suggests 

that health authorities need to provide information and develop campaigns regarding the 

importance of early diagnosis and treatment of CL, with the goal of reducing the emergence of 

new cases and preventing mucocutaneous cases of the disease. Moreover, the control of 

sandflies is essential to block the spread of the disease. 

 

Conclusion 

The state of Paraná should keep a constant surveillance over cutaneous leishmaniasis 

due to the prominent presence of socioeconomic and environmental factors such as the 

favorable circumstances for the vectors present in peri-urban and agriculture areas.  

Ivaí-Pirapó, Tibagi, Cinzas-Laranjinha, and Ribeira areas form the four-major hot spot 

CL areas in the state of Paraná. 
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ABSTRACT 

Background: Cutaneous leishmaniasis (CL) is endemic in the Paraná state of Brazil. 

Anthropogenic activities, space element and the remaining forests influence the health-

disease process.  

Objective: To analyze the influence of the remaining native vegetation on the occurrence 

of CL cases in the state of Paraná, using georeferencing. 

Methods: To achieve the objectives, we used global testing for spatial autocorrelation 

with simultaneous autoregressive model (SAR). The regression was based on the CL 

coefficient (cases/100,000 inhabitants), as a function of the natural vegetation cover 

(km2), percentage of natural vegetation cover, altitude, total number of cases and spatial 

density per km2, with the location data of the Paraná state municipalities and the detection 

coefficient (cases/100,000 inhabitants) of autochthonous cases of CL obtained from the 

Sistema de Informação de Agravos de Notificação (SINAN; Information System for 



53 
 

 

Notifiable Diseases) for the years 2012 and 2013. We obtained data on the remaining 

forests from the Fundação SOS Mata Atlântica (SOS Mata Atlântica Foundation) and 

Instituto Nacionais de Pesquisas Espaciais (INPE; National Institute of Space Research). 

Findings: Spatial regression of the coefficient of detection revealed statistical significance 

only for spatial density (Z = 22,1359, p <0,05), while the results for the other variables 

were not significant.  

Main conclusions: concentration of LT cases occurs at the production poles of this 

disease, where there is also a concentration of native vegetation, represented mainly by 

riparian forests 

Keywords: Cutaneous Leishmaniasis; Zoonoses; Environmental Health; Spatial 

Analysis; Spatial Regression 

 

INTRODUCTION 

Cutaneous leishmaniasis (CL) occurs in 97 countries of America, Europe, Africa 

and Asia, with an annual registry of 0.7 to 1.3 million new cases (WHO 2017). This 

disease is one of the six most significant infectious diseases in the world, due to its high 

detection coefficient and ability to cause deformations in patients (Brazil 2016a). In 

Brazil, from 1993 to 2016, the annual average number of CL cases was 22,140, with a 

detection coefficient of 9.8 cases/100,000 inhabitants (Brazil, 2016a, Brazil 2017a). CL 

is endemic in Brazil. In the early 1980s, autochthons cases were registered in 19 states, 

while in 2003, there are registered cases in every state of the country (Brazil 2016a).  

According to Luz et al. (2000), between 1930 and 1950, CL reached epidemic 

proportions to the north of Paraná during the colonization period, due to the replacement 

of native vegetation with coffee plantations. In the 1950s, the incidence of this zoonosis 

reduced sharply, due to the indirect effect of the malaria control campaigns with 
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chlorinated insecticides (Luz et al. 2000). However, since 1980, CL has been endemic in 

Paraná (Silveira et al. 1996, Silveira et al. 1999, Lima et al. 2002). From 1980 to 2016, 

16,464 cases were reported in the northern, western and southwestern parts of the state 

(Brazil 2017a, Brazil 2017b).   

In Paraná state, the natural Leishmania cycle has an intimate relationship with 

the natural forest areas close to the traditional agricultural production areas. Areas with 

the highest intensity of cases are located in the basins of the Ivaí and Pirapó rivers, where 

there are native residual forests (Lima et al. 2002, Monteiro et al. 2008, Monteiro et al. 

2009), as well as in the urban areas of Maringá (Teodoro et al. 1998, Lima et al. 2002) 

and Cianorte (Lima et al. 2002). Despite the substitution of native forest vegetation for 

coffee, soybean, corn, cotton and pasture crops, the persistence of CL in Paraná is the 

result of the successful adaptation of vectors and reservoirs of parasites in areas to the 

effects of human activity (Lima et al. 2002). 

Data on the occupation of agrarian and urban spaces, vegetation cover and the 

geographical distribution of CL, allows the formulation of hypotheses and the planning 

of actions to be performed by the public health services towards the control of CL, 

especially its vector (Monteiro et al. 2008, King et al. 2004). Therefore, the factors that 

influence the geographical distribution of CL were submitted for statistical analysis using 

georeferencing, which will be very valuable in the planning of health initiatives 

(Medronho et al. 2003, Eisen and Eisen 2008, Magalhães 2012). The objective of this 

work was to use statistical analysis through georeferencing to evaluate the relevance of 

the association between residual native vegetation data and CL cases, as a risk factor for 

the occurrence of this disease in the state of Paraná.  
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METHODOLOGY 

Description of Paraná state  

The state of Paraná is in southern Brazil (22º30’58” and 28º43’00” S; 48º05’37” 

and 54º37’08” W). It covers an area of 199,307.945 km2, with 399 municipalities that are 

distributed across 10 macro-regions and 39 micro-regions. During the study period, the 

estimated population was 10,997,465, with a demographic density of 55.18 

inhabitants/km and a human development index (HDI) of 0.749 (Brazil 2010, Brazil 

2016b).  

Paraná has three distinct climatic groups, according to the Köppen climate 

classification system: Tropical Rainforest Climate—Megathermal (Af), which is 

restricted to the coastal strip, has an average temperature higher than 18 ºC; Humid 

Subtropical Climate—Mesothermal (Cfa) has an average high temperature of 22 ºC that 

can reach up to 40 ºC in the north, west, and the Ribeira river valley, while the average 

low temperature is 18 ºC (this is the most widespread type of climate in the state); and 

Temperature Oceanic Climate—Mesothermal (Cfb), which has an average temperature 

of 18–22 ºC (Paraná, 2002).  

 

Data collection 

For analyzing the influence of native vegetation on autochthonous cases of CL 

in the state of Paraná, data was obtained from Sistema de Informação de Agravos de 

Notificação (SINAN; Information System for Notifiable Diseases) for the period from 

January 2012 to December 2013 (Brazil, 2015). For the coefficient of detection 

calculation (autochthonous cases per 100,000 inhabitants), spatial density (cases per km2), 

altitude, and territorial area, we used population and territorial data of each municipality, 

based on the Instituto Brasileiro de Geografia e Estatística (Brazilian Institute for 
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Geography and Statistics; Brazil 2010, Brazil 2016b). Data on the residual native 

vegetation, river basins and phytogeographical regions were provided by Fundação SOS 

Mata Atlântica (SOS Mata Atlântica Foundation) and Instituto Nacionais de Pesquisas 

Espaciais (INPE; National Institute of Space Research; Atlântica & Inpe, 2013), as shown 

in Figs. 1 and 2. We gathered information on gender, age, clinical form, and proportion 

of CL patients, who achieved clinical cure. In the present study, we focused on 

municipalities with values of spatial density ≥0.010, which were considered to be areas 

with higher risk of transmission of the disease. 

 

Geographical and statistical analysis  

The geographical analysis was made using the SAR model (simultaneous 

autoregressive model; Bivand et al. 2008), that calculates the regression of values from 

several areas to model spatial dependence. Regression was carried out based on the 

coefficient of detection of CL (cases/100,000 inhabitants), as a function of the natural 

vegetation (km2), percentage of natural vegetation, altitude, total number of cases and 

spatial density (cases per km2). This means that the error is modeled based on its 

dependence on other errors. It is defined as: 
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where ijb  represents the values of spatial dependence between the areas; i  represents 

the residual error that is considered independent and identically distributed according to 

a normal with zero mean and constant variance. 
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All statistical analyses were carried out in the R environment (Team 2014). 

 

RESULTS 

Data on the native vegetation in the state of Paraná during 2012–2013 reveal that 

only 14% of the original vegetation cover remains (Fig. 2). Spatial regression of DC 

revealed statistical significance only for SD (Z=22.1359, p<0.05), while the values of 

other variables were: natural vegetation cover (km2; Z=1.0884, p>0.05), percentage of 

natural vegetation cover (Z=0.2303, p>0.05), altitude (Z=-0.8456, p>0.05) and total 

number of cases (Z=-1.3821, p>0.05). 

During 2012–2013, there were 513 reported cases of CL in the state of Paraná, 

across 85 municipalities (21.30%). Among these, six municipalities (7.06%) showed DC 

≥71.0, 29 municipalities (34.12%) showed DC≥10.0<71.0, while 31 (36.47%) showed 

DC ≥2.5<10.0, and 19 (22.35%) showed DC <2.5. The municipalities with the highest 

number of cases were: Umuarama (64), Cianorte (43), Londrina (34), Bandeirantes (29) 

and Jussara (26). Together, these municipalities reported 38.20% of the CL cases in 2012 

and 2013 (Table 1). The municipalities with the highest CD were: Jussara (191.83), 

Japurá (113.06), São Tomé (109.19), Tomazina (103.48), Adrianópolis (102.39) and São 

Jerônimo da Serra (78.73; Table 1), while 29 other municipalities had a detection 

coefficient ≥ 10.0, characterizing areas of high or very high transmission potential of CL. 

The SD analysis identified the prominent municipalities of Jussara (0.123), Japurá (0.121) 

and Bandeirantes (0.065; Table 1).  

 

DISCUSSION 

Despite the significance of CL based on the expressive number of cases reported 

annually and its occurrence in all Brazilian states, this disease continues to be neglected 
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(Monteiro et al. 2008, Brazil, 2016a). The extinction of the natural foci of CL due to the 

increase of human intervention did not occur, because this zoonosis has been identified 

in rural and urban zones in recent and past colonization (Lima et al. 2002, Brazil, 2016a). 

Regression calculations show statistical significance (p<0.05) only for SD data 

in the municipalities of Cianorte, Corumbataí do Sul, Doutor Camargo, Japurá, Jussara, 

Lunardelli, Mandaguaçu, Maringá, Moreira Sale, Paraíso do Norte, São Tomé, Terra Boa, 

Tuneiras do Oeste and Umuarama, all of which are located in the CL generation hub, 

called the Ivaí-Pirapó hub by Monteiro et al. (2009). The semi-deciduous forest areas in 

these municipalities are represented by fragments of natural vegetation cover that are 

moderately or severely altered (Lima et al. 2002, Monteiro et al., 2008, Monteiro et al., 

2009). No statistical significance (p> 0.05) was observed for the vegetation factor per km2 

and the percentage. Table 1 shows that Adrianópolis has 36% residual vegetation, with 

high DC (102.39), while the municipality of Jussara has only 10%, with high DC 

(191.83). Therefore, the Leishmania cycle is sustained, irrespective of the vegetation area 

in both the municipalities.  

Though the municipalities of Bandeirantes, Pinhalão and Tomazina, included in 

the Cinzas-Laranjinha CL hub, have statistically significant (p<0.05) SD data, with 

statistically insignificant (p>0.05) natural vegetation cover (percentage and km2), these 

municipalities are located in the hydrography corridors of areas covered with semi-

deciduous forest remnants, where conditions suitable for the wild transmission cycle of 

Leishmania exist (Monteiro et al. 2009). The situation is similar in the Tibagi hub, where 

the municipalities of Londrina and São Gerônimo da Serra had statistically significant 

(p<0.05) SD data, with statistically insignificant (p>0.05) natural vegetation cover factor 

(km2 and percentage). 

In the Alto Ribeira hub, the municipalities of Adrianópolis and Cerro Azul had 
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statistically significant (p <0.05) SD data, with statistically insignificant (p> 0.05) 

vegetation factor (per km2 and percentage), where the hydrography corridors exist. These 

corridors are covered by the Atlantic forest, which allows the coexistence of Leishmania, 

vectors and reservoirs. The Leishmania cycle is sustained irrespective of the size of the 

natural vegetation covers of the municipalities.  

Although municipalities with less than 0.010 have not been mentioned, it is 

important to note that, overall, all municipalities contribute to forming the Paraná-

Paranapanema and Ribeira circuits. 

In the areas of the state of Paraná where the native vegetation was replaced by 

coffee crops in the 1930s and 1950s, as well as by soy, maize, or pasture more recently 

(Lima et al. 2002, Monteiro et al. 2008, Monteiro et al., 2009), the infection of domestic 

and wild animals by Leishmania sp. (Lonardoni et al. 2006, Membrive et al. 2012, 

Truppel et al. 2014), the collection of sandflies in the residual forest areas (Luz et al. 2000, 

Teodoro et al. 2001, Cella et al. 2011, Massafera et al. 2005, Cruz et al. 2013) and 

recreational fishing activities (Lima et al. 2002) partly explain the higher density of CL 

cases in these areas. These studies in loco provide significant details about CL 

epidemiology. However, these are not detectable by the methodology used in this work. 

The SINAN data used in geostatistics provide a broad coverage of the population 

of 399 municipalities in the state, facilitating the future continuity of the longitudinal 

study of CL epidemiology in Paraná, in order to assist with the health surveillance. 

However, the georeferencing instruments must be used with care, because in case of 

multifactorial diseases (CL, for instance), the enforcement of variables alone, and other 

computational models, without considering the local factors of exposed population and 

their habitat, and the interaction between them, can lead technicians, managers and 

researchers to incorrect findings (Lovelock 2010). Therefore, it is important to investigate 
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other local factors, such as the influence of the occupation of agrarian and urban spaces, 

migratory behavior, and vegetation cover, that may influence the risk factors for CL 

occurrence. These factors can determine spatial distribution, contributing to the 

occurrence of this disease in endemic areas (Monteiro et al. 2009).  

 

CONCLUSION 

Vegetation areas exert a strong influence on the occurrence of CL cases, because these 

are closely related to the ecology of vectors and reservoirs of the disease. So, 

concentration of LT cases occurs at the production hubs of this disease, where there is 

also a concentration of native vegetation, represented mainly by riparian forests 
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FIGURE CAPTIONS 

Fig. 1: Phytogeographical regions and river basins in the state of Paraná, Brazil (Maack, 

1968) 

Fig. 2: Residual vegetation cover in the state of Paraná, 2012–2013 (INPE, 2013) 
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Fig. 1: Phytogeographical regions and river basins in the state of Paraná, Brazil (Maack, 1968) 
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Fig. 2: Residual vegetation cover in the state of Paraná, 2012–2013 (INPE, 2013) 
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TABLE I 

Number, spatial density and detection coefficient of cases of cutaneous leishmaniasis, natural vegetation covers in 

municipalities with spatial density ≥ 0.010, in the state of Paraná, Brazil 2012–2013 

Municipality NC SD DC V Municipality  NC SD DC V 

Adrianópolis 13 0.010 102.39 36 Londrina 34 0.021 3.23 11 

Apucarana 8 0.014 3.19 10 Lunardelli 3 0.015 29.19 14 

Arapongas 5 0.013 2.28 8 Mandaguaçu 3 0.010 7.25 4 

Bandeirantes 29 0.065 44.79 3 Maringá 8 0.016 1.06 3 

Cambira 2 0.012 13.40 8 Moreira Sales 4 0.011 15.82 2 

Carlópolis 11 0.024 39.28 2 Paraíso do Norte 2 0.010 8.08 3 

Cerro Azul 24 0.018 69.27 6 Pinhalão 6 0.027 47.53 6 

Cianorte 43 0.053 29.21 9 São Carlos do Ivaí 4 0.018 30.56 2 

Corumbataí do Sul 2 0.012 25.82 6 São Jerônimo da Serra 18 0.022 78.73 12 

Doutor Camargo 7 0.059 59.02 2 São Tomé 12 0.055 109.19 12 

Guaíra 9 0.016 14.24 12 Terra Boa 15 0.047 46.14 16 

Itambaracá 9 0.043 66.19 2 Tomazina 18 0.030 103.48 4 

Ivaiporã 5 0.012 7.76 3 Tuneiras do Oeste 7 0.010 39.92 15 

Japurá 20 0.121 113.06 5 Umuarama 64 0.052 30.68 6 

Jussara 26 0.123 191.83 10 Total 411 0.028 12.81 10 

NC = Number of cases, SD = spatial density (cases per km2); DC = detection coefficient (cases per 100,000 

inhabitants); V = Natural Vegetation Covers (%) 
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CAPÍTULO III 

CONCLUSÕES 

Os casos de LT no estado do Paraná estão concentrados nas bacias do Ivaí-Pirapó, Tibagi, 

Cinzas-Laranjinha e Ribeira, onde é intense a exploração agrícola, especialmente nas três 

primeiras bacias. A análise estatística de dados georreferenciados para determiner a distribuição 

e as áreas de risco de LT pode ser utilizado como uma técnica de análise preliminar, pois a 

dimensão de qualquer agravo sem o conhecimento da situação da população e do ambiente pode 

resultar na visão virtual do problema e no planejamento de ações inadequadas para o seu controle. 

As áreas de vegetação exercem forte influência na ocorrência de casos de LT, pois está 

intimamente relacionada à ecologia de vetores e reservatórios da doença, assim, a concentração 

de casos de LT ocorre nos pólos de produção desta doença, onde também há uma concentração 

de vegetação nativa, representada principalmente por florestas ciliares. 
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PERSPECTIVAS FUTURAS 

O uso de técnicas com o uso de dados georreferenciados tem maior espaço na análise de 

dados nas áreas de saúde. Os achados encontrados durante a realização deste estudo mostram que 

o uso de dados dessas técnicas auxiliam no entendimento da distribuição de LT no estado do 

Paraná, servem como ferramenta de triagem para a análise adequada dos dados e direcionam o 

serviço público de saúde às ações de prevenção da doença. Há a necessidade de manter próximos 

estudos semelhantes a esse descrito para que se tenha um correto entendimento da epidemiologia 

da doença.  
 












































