
 

UNIVERSIDADE DE TRÁS-OS-MONTES E ALTO DOURO 

 
 
 
 

ANALYSIS AND PREDICTION OF THE OCCURRENCE OF 

LEPTOSPIROSIS IN WILD BOARS (Sus scrofa Linnaeus, 1758) OF THE 

TRÁS-OS-MONTES REGION 

 

 

ANÁLISE E PREVISÃO DA OCORRÊNCIA DA LEPTOSPIROSE EM 

JAVALIS (Sus scrofa Linnaeus, 1758) NA REGIÃO DE TRÁS-OS-

MONTES 
 

 

 
 

 

 

 

 

Dissertação de Mestrado em Biologia Clínica Laboratorial 

 

 

 

Hélia Marisa do Vale Gonçalves 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VILA REAL, ABRIL DE 2014 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

UNIVERSIDADE DE TRÁS-OS-MONTES E ALTO DOURO 

 
 
 
 

ANALYSIS AND PREDICTION OF THE OCCURRENCE OF 

LEPTOSPIROSIS IN WILD BOARS (Sus scrofa Linnaeus, 1758) OF THE 

TRÁS-OS-MONTES REGION 

 

ANÁLISE E PREVISÃO DA OCORRÊNCIA DA LEPTOSPIROSE EM 

JAVALIS (Sus scrofa Linnaeus, 1758) NA REGIÃO DE TRÁS-OS-

MONTES 
 

 

 

Dissertação de Mestrado em Biologia Clínica Laboratorial 

 

 

 

Hélia Marisa do Vale Gonçalves 

 

Orientador: Profª. Doutora Maria das Neves Mitelo Morão de Paiva Cardoso 

Universidade de Trás-os-Montes e Alto Douro, Escola de Ciências Agrárias e Veterinárias, 

Departamento de Ciências Veterinárias, Vila Real, Portugal 

 

Co-Orientador: Prof. Doutor João Alexandre Cabral 

Universidade de Trás-os-Montes e Alto Douro, Escola de Ciências da Vida e do Ambiente, 

Departamento de Biologia e Ambiente, Vila Real, Portugal 

 

 

 

 

Composição do Júri:  

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

 

 

VILA REAL, ABRIL DE 2014 



 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Aos meus pais 

Ao meu irmão 

Ao Rafael 

Ao Edu 

 

 



 

 

 

 

 

 

 

 

 

 

 
 



 

Analysis and prediction of the occurrence of leptospirosis in wild boars (Sus scrofa) of the 

Trás-os-Montes region 

 

 

 
i 

ACKNOWLEDGEMENTS/AGRADECIMENTOS 

Foi graças ao apoio de muitas pessoas que a realização deste trabalho se tornou possível. A 

todos o meu muito obrigada! 

À Universidade de Trás-os-Montes e Alto Douro (UTAD), na pessoa do seu Magnifico 

Reitor, Professor Catedrático António Fontaínhas Fernandes, manifesto o meu maior 

reconhecimento por todo o apoio concedido na realização deste trabalho. 

À Direção do Mestrado em Biologia Clínica Laboratorial, agradeço a possibilidade de 

adquirir novos conhecimentos em novas áreas de investigação e todo o apoio durante a 

realização deste trabalho. 

À Prof.ª Doutora Maria das Neves Paiva Cardoso, orientadora desta Dissertação de Mestrado, 

agradeço todos os ensinamentos, desde o processo de recolha das amostras, preparação de 

meios, tratamento dos dados, revisão científica e sugestões, apoio e também pelo entusiasmo 

que sempre demonstrou com este trabalho, o que sempre me motivou bastante. 

Ao Prof. Doutor João Cabral, por ter aceite a co-orientação desta Dissertação, agradeço todo o 

apoio que sempre demonstrou desde a sua ideia inicial à recolha das amostras, modelação 

ecológica e componente escrita, especialmente o meu muito obrigada por todos os 

ensinamentos transmitidos e simpatia que sempre demonstrou sempre que surgia uma dúvida.  

À Prof.ª Doutora Madalena Vieira-Pinto, por toda a ajuda durante a recolha das amostras, mas 

principalmente pela oportunidade de poder participar neste projeto, sem o qual este trabalho 

seria possível. 

À Inv.ª Doutora Maria Luísa Vieira, Unidade de Ensino e Investigação de Microbiologia 

Médica - Grupo de Leptospirose e Borreliose de Lyme, Instituto de Higiene e Medicina 

Tropical, a cedência das estirpes de referência e isolados nacionais, sem as quais não teria 

sido possível fazer um tratamento das amostras tão abrangente e adaptado à realidade nacional 

e Europeia. Quero também sublinhar a sua simpatia, o seu apoio e conselhos valiosos como 

reputada especialista da área do conhecimento em que se insere este meu trabalho. 

À Teresa Carreira e Mónica Nunes, Grupo de Leptospirose e Borreliose de Lyme, Instituto de 

Higiene e Medicina Tropical, todo o apoio e ajuda. 

 



 

Analysis and prediction of the occurrence of leptospirosis in wild boars (Sus scrofa) of the 

Trás-os-Montes region 

 

 

 
ii 

Ao Prof. Doutor Mário Santos, o apoio, a ajuda e os contributos que permitiram enriquecer 

este trabalho. 

À Prof.ª Doutora Estela Bastos, por ter aceite este novo desafio e todo o apoio que sempre 

demonstrou. 

Ao Prof. Doutor Paulo Fernandes, agradeço a ajuda, a bibliografia e os contributos valiosos. 

Ao Prof. Doutor José Aranha, agradeço a cedência de algumas shapes das manchas de caça. 

Ao trio feminino fantástico, Catarina Coelho, Octávia Veloso e Ana Sofia Faria, não foi fácil 

a recolha das amostras no campo nem posteriormente o seu acondicionamento (passámos 

muitas horinhas na sala de necropsias) agradeço-vos o apoio e as palavras de optimismo. 

À Rita Bastos (Ritinha), além de seres uma excelente colega de trabalho és uma pessoa que 

estimo muito e que respeito bastante, vais para sempre ficar no meu coração, o meu muito 

obrigada (mesmo muito) pela tua amizade, e ajuda na cartografia e modelação ecológica, foste 

o meu “balão de oxigénio”. 

Ao Francisco Morinha, obrigada por teres aceite este desafio e por toda a tua ajuda e 

paciência durante a componente molecular. 

Às meninas das leptospiras, Márcia Faria e Margarida Pereira, obrigada pela simpatia, 

disponibilidade e ajuda no laboratório. 

A todas as técnicas do Laboratório de Microbiologia Médica, Parasitologia e Bioquímica, do 

Departamento de Ciências Veterinárias, agradeço a atenção e a ajuda que sempre 

demonstraram. 

Aos meus colegas de trabalho do Laboratório de Ecologia, agradeço todo o apoio e ajuda que 

sempre demonstraram. 

Ao Fernando Correia, agradeço a simpatia e a cedência da ilustração científica dos javalis. 

A todos os caçadores e gestores de zonas de caça, agradeço a simpatia e ajuda com que 

sempre me receberam nas montarias, como também a cedência da cartografia, sem a qual não 

seria possível concluir este trabalho. 

À minha família (tios e primos, ao meu afilhado lindo Rafael peço desculpa a falta de atenção, 

a madrinha andava a correr atrás do javali) por todo o apoio e amizade. 

 



 

Analysis and prediction of the occurrence of leptospirosis in wild boars (Sus scrofa) of the 

Trás-os-Montes region 

 

 

 
iii 

A todos os meus amigos, por toda a força e amizade (não vos vou enumerar, vocês estarão 

sempre no meu coração). 

Aos meus pais, porque a eles tudo é devido e a eles tudo é dedicado e porque souberam 

aturar-me como mais ninguém seria capaz de o fazer. 

Ao meu irmão Daniel por todo o carinho e preocupação manifestados durante todas as etapas 

deste trabalho. 

Ao Edu, um companheiro incondicional, obrigada pelo teu amor, apoio, paciência e palavras 

de incentivo nas fases mais difíceis, e sobretudo por teres sempre acreditado que eu 

conseguia, e consegui. 

 

 

A todos aqueles que de algum modo contribuíram para este trabalho, aqui fica a minha 

gratidão. 

 

 

 

 

 

 

 

 

 

 

  



 

Analysis and prediction of the occurrence of leptospirosis in wild boars (Sus scrofa) of the 

Trás-os-Montes region 

 

 

 
iv 

SUMMARY 

Leptospirosis is a zoonotic disease of global importance that is caused by pathogenic 

spirochetes of the genus Leptospira, maintained in nature by numerous wild and domestic 

reservoirs, which constitute a potential source of infection for humans and other susceptible 

hosts. 

The wild boar (Sus scrofa) is widely distributed in Europe and represents an important 

hunting species. The wild boar populations have increased in the last two decades, and there is 

growing evidence that species can act as a reservoir for some infectious diseases of 

importance in public and animal health. Increased population density in Europe, as well as its 

high-dispersion, raise questions about the potential role in the transmission of pathogenic 

Leptospira to agents involved in hunting, hunters and dogs in particular, due the direct 

exposure to tissues, blood and urine. 

The transmission of the infection to humans and animals (wild and domestic) usually 

occurs by direct or indirect contact with the urine of infected animals. The kidney is the 

natural habitat of pathogenic leptospires and these are eliminated through the urine to the 

environment. Pathogenic leptospires hosts carried the agent for long periods in kidneys, and 

many times throughout their entire life.  

This study aimed to search anti-Leptospira interrogans sensu lato (s.l.) agglutinins, and 

detection of leptospiral DNA in the kidney of hunted wild boars in Trás-os-Montes region, 

during the hunting seasons of 2011/2012 and 2012/2013. 

The leptospirosis diagnosis was made by microscopic agglutination test (MAT) 

(serological gold standard test) with 16 live antigens of Leptospira (reference and local 

isolated strains). Of the 101 serum samples tested by MAT, 54.5% (55/101) showed anti-

Leptospira interrogans s.l. antibodies at a titre of 1:50 or higher. Antibodies against Tarassovi 

(41.8%), Autumnalis (14.6%) and Bratislava (12.7%) were the most frequently detected. The 

Polymerase Chain Reaction (PCR) method was amplified leptospiral DNA in three kidney 

samples (3/43). 

Based on data obtained in the previous laboratorial tests, the Stochastic Dynamic 

Methodology (StDM) was applied in order to predict the presence of the wild boars (by using 

a relative abundance index, the WBindex) and the occurrence of positives to leptospirosis 



 

Analysis and prediction of the occurrence of leptospirosis in wild boars (Sus scrofa) of the 

Trás-os-Montes region 

 

 

 
v 

(OPL, expressed in percentage) in the region.  

The obtained simulation results are encouraging since they seem to represent a useful 

contribution to capture the key changes in the WBindex and in the OPL under very complex 

and variable environmental scenarios. Since the WBindex and OPL are holistically 

determined by the habitat structure, the StDM simulations allowed a better perception of the 

influences of land cover dynamics on the spatial patterns of Leptospira antibodies occurrence. 

These results reinforce the previously known suspicion that the wild boar is a potential 

reservoir host for some Leptospira serovars, and they can represent one of the potential 

sources of leptospirosis for humans and especially for hunters and hunting dog´s during the 

hunting practice (through direct contact with the tissue, blood or urine). 

 

 

Keywords: Leptospirosis; Wild boar (Sus scrofa); Hunts; Microscopic agglutination test 

(MAT); Polymerase Chain Reaction (PCR); Stochastic Dynamic Methodology (StDM). 
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RESUMO 

A leptospirose é uma zoonose (re) emergente com importância mundial, causada por 

espiroquetas patogénicas do género Leptospira, mantidas no meio ambiente por vários 

reservatórios selvagens e domésticos, os quais representam a principal fonte de infeção para 

os humanos e outros hospedeiros suscetíveis. 

O javali (Sus scrofa) é o ungulado de caça maior com maior importância em termos 

cinegéticos em Portugal. Apresenta uma das distribuições geográficas mais amplas e na 

Europa as suas densidades populacionais têm aumentado, havendo uma crescente evidência 

de que o javali pode atuar como reservatório para algumas doenças infeciosas com 

importância na Saúde Pública e sanidade animal. O aumento da sua densidade populacional 

no espaço europeu, bem como a sua elevada capacidade de dispersão, levantam interrogações 

sobre o potencial papel desempenhado na transmissão de leptospiras patogénicas aos agentes 

envolvidos na caça, nomeadamente caçadores e cães, dada a sua direta exposição aos tecidos, 

sangue e urina. 

A transmissão da infeção ao homem e animais (selvagens e domésticos) ocorre 

geralmente por contato direto ou indireto com a urina de animais infetados. O rim é o habitat 

natural das leptospiras patogénicas e estas são eliminadas através da urina para o meio 

ambiente. Um bom reservatório de Leptospira carateriza-se pela presença do agente no rim 

por períodos prolongados, muitas vezes durante toda a vida do animal. 

Este trabalho teve como objetivo a pesquisa de aglutininas anti-Leptospira interrogans 

s.l. e a deteção de DNA leptospírico no tecido renal de javalis abatidos em montarias 

realizadas na região de Trás-os-Montes, durante as épocas venatórias de 2011/2012 e 

2012/2013. 

Foram analisados 101 soros pela técnica serológica de referência para o diagnóstico da 

leptospirose, o teste de aglutinação microscópica (TAM), frente a uma bateria de antigénios 

constituída por 16 estirpes vivas de Leptospira (estirpes de referência e também isolados 

nacionais). A sero-ocorrência de animais positivos para um “cut-off” de 1:50 foi de 54.5% 

(55/101) e os serogrupos mais prevalentes foram Tarassovi (41.8%), Autumnalis (14.6%) e 

Australis (12.7%). Através do método molecular de diagnóstico, a reação em cadeia da 

polimerase (PCR), foi possível confirmar a presença de DNA leptospírico em 3 animais 
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(3/43).  

Para prever a presença do javali (através de um índice de abundância relativo, o 

WBindex) e a ocorrência de animais positivos à leptospirose (OPL, expresso em 

percentagem) na região, foi utilizada a metodologia estocástico dinâmica (StDM).  

Os resultados obtidos parecem representar uma contribuição útil para capturar 

diferenças do WBindex e OPL em cenários ambientais complexos e variáveis. Os padrões 

espaciais obtidos foram holisticamente determinados pela estrutura do habitat, e as simulações 

permitiram uma melhor percepção das influências da dinâmica da ocupação dos usos solo 

sobre os padrões espaciais de ocorrência da leptospirose. 

Os resultados sugerem que o javali poderá representar um importante reservatório da 

leptospirose no ecossistema, sendo uma fonte potencial de transmissão da doença ao homem e 

animais (selvagens e domésticos) na região de Trás-os-Montes, em particular aos agentes 

envolvidos nas atividades venatórias. 

 

 

Palavras-chave: Leptospirose; Javali (Sus scrofa); Montaria; Teste de aglutinação 

microscópica (TAM); Reação em cadeia da polimerase (PCR); Metodologia estocástico 

dinâmica (StDM).  
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1. INTRODUCTION 

Leptospirosis is a zoonotic disease of global importance that is caused by pathogenic 

spirochetes of the genus Leptospira, which are maintained in nature by numerous wild and 

domestic reservoirs, constituting a potential source of infection for humans and other 

susceptible hosts (Turner 1967, Little 1986, Paiva-Cardoso 2009, Espí et al. 2010). 

Leptospires are thin spirochetes, tightly coiled that are characterized by very active motility, 

both rotating (“spinning”) and bending (Hovind-Hougen 1986, Prescott & Zuerner 1993, Holt 

et al. 1994, Faine et al. 1999). Most species of mammals can be considered as potential 

reservoirs and shedders of pathogenic leptospires to the environment, and transmission can 

occur by direct or indirect contact between animals of the same or different species, including 

man (Little 1986, Ellis & McDonald 1995, Faine et al. 1999, Paiva-Cardoso 2009). 

Leptospirosis is a zoonosis (re-) emerging, with worldwide dispersion (Faine et al. 

1999, Higgins 2004). The pathogenic leptospires can survive for long periods in warm and 

humid environments, which is one of the reasons why the prevalence of leptospirosis is higher 

in tropical and subtropical regions (Faine 1982, Gavier-Widén et al. 2012). Nevertheless, 

disease remains to occur in developed countries (Bharti et al. 2003). 

Leptospirosis is often unrecognized and therefore severely neglected (Adler & 

Moctezuma 2010, Gavier-Widén et al. 2012). The clinical diagnosis is difficult because there 

are no pathognomonic signs (Paiva-Cardoso 2009) and laboratory diagnostics are very 

laborious and costly. Leptospirosis can lead to severe clinical signs, reproductive disorders in 

domestic animals and severe clinical conditions in man, particularly haemorrhages and renal 

failure (Faine et al. 1999). 

In Portugal, human leptospirosis was first described in 1931 (Figueira 1931). The initial 

serosurveys were done by Azevedo & Palmeiro (1972) and Azevedo (1996) (Paiva-Cardoso 

2009), and showed a low prevalence of antibodies against Leptospira in livestock. However, 

later Collares-Pereira & Rocha (1991) found high prevalence in Trás-os-Montes, and Paiva-

Cardoso et al. (2000) reported highest seropositivity rate to Alentejo and Trás-os-Montes 

regions. Studies carried by Collares-Pereira & Rocha (1991) and Rocha (1988) in the Azores 

islands enabled the first detection of bovine leptospirosis. Concerning to small mammals, 

Collares-Pereira et al. (2000b) detected an infection rate of 62.8% in the Azores islands, and 
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Paiva-Cardoso (2009) detected the presence of leptospiral DNA in 54% of rodents trapped in 

the Trás-os-Montes region. The first isolation of a strain (i.e. sv. Hardjo) from a bovine was 

conducted for Collares-Pereira (1991). Mozdok strains were first isolated from swine aborted 

foetuses (Rocha 1990, 2004), and after from small mammals (Crocidura russula and Mus 

spretus) (Collares-Pereira et al. 2000a). Serovar Pomona strains were isolated from cattle 

(Rocha 1998), sheep (Azevedo & Palmeiro 1943), horses (Rocha 2004) and rodents (Mus 

musculus, Mus spretus and Apodemus sylvaticus) (Azevedo & Palmeiro 1964, 1969). 

Collares-Pereira et al. (1997, 2000a) and Paiva-Cardoso (2009) reported the isolation of 

several strains belonging to serogroup Ballum from small mammals (Mus musculus, Rattus 

norvegicus and Rattus rattus) in the Azores Islands and mainland Portugal (Pancas and Trás-

os-Montes region). A new Leptospira serovar belonging to the serogroup Pomona was 

isolated from Mus musculus, and denominated of serovar Altodouro (Paiva-Cardoso et al. 

2013). These bacteriological data confirm the widespread occurrence of Leptospira infection 

in the analysed rodents populations, and anticipate the dramatic importance of these animals 

in the transmission of Leptospira spp. to domestic and wild animals, in particular in the case 

of accidental infection (Paiva-Cardoso 2009). 

The wild boar (Sus scrofa Linnaeus, 1758) is widely distributed in Europe and 

represents an important hunting species (Vicente et al. 2002, Fernández-Llario & Mateos-

Quesada 2003, Fonseca et al. 2004, Acevedo et al. 2007, Barrios-Garcia & Ballari 2012). 

Their populations have increased in the last two decades, and this wild species can leave its 

natural habitat to come into contact with domestic animals. For this reason, it is a potential 

source of infectious diseases for domestic animals that share the same geographical areas 

(Ebani et al. 2003, Boadella et al. 2012, Wu et al. 2012), playing an important role in the 

epidemiology of several diseases, which affects humans, livestock and wild species (Vicente 

et al. 2002, Boadella et al. 2012, Billinis 2012). 

However, little information on occurrence and distribution of the most important 

infectious agents among wild boar population in Portugal is available. The presence of 

antibodies against Leptospira interrogans senso latum (s.l.) in wild boar was not investigated 

previously in Portugal, which makes this research of extremely importance in the 

epidemiological context of this zoonosis. Even through, leptospirosis infection data in wild 

boars are not very profuse, from where several studies were done in recent years (Firinu et al. 
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2000, Vicente et al. 2002, Cvetnic et al. 2003, Ebani et al. 2003, Treml et al. 2003, Slavica et 

al. 2008, Vengust et al. 2008, Koizumi et al. 2009, Espí et al. 2010, Fornazari et al. 2011). 

Acknowledge of the prevalent serovars and their carriers are essential to understanding the 

epidemiology of the disease in the Trás-os-Montes region.  

For adequate leptospirosis diagnosis, the availability of laboratory tests is crucial. The 

leptospirosis diagnosis can be made through the microscopic agglutination test (MAT), that 

detect anti-Leptospira antibodies (Adler et al. 1980, Levett et al. 2001, Levett 2003), or by 

molecular diagnosis (Smythe et al. 2002), or by the isolation of the agent. Isolation cultures 

require several weeks of incubation, and even under optimum conditions leptospires grow 

slowly (Levett 2003).  

In the present study, the presence of leptospiral antibodies in wild boar populations was 

assessed by MAT, the reference standard test, recognised by its high sensitivity and 

specificity (Cole et al. 1973, Cumberland et al. 1999), and leptospiral DNA by Polymerase 

Chain Reaction (PCR) methods (Merien et al. 1992, Branger et al. 2005, Levett et al. 2005b, 

Palaniappan et al. 2005, Picardeau et al. 2008). 

Based on data obtained in the previous laboratorial tests, the Stochastic Dynamic 

Methodology (StDM) was applied in order to predict the presence of the wild boars (by using 

a relative abundance index, the WBindex) and the occurrence of positives to leptospirosis 

(OPL, expressed in percentage) in the region. This methodology can simulate changes for 

specified ecosystems, in a dynamic and interactive way, and forecasting responses for 

pertinent ecological indicators (Santos & Cabral 2004). Since models with fixed parameters 

are unable to estimate structural changes in fast changing habitat conditions (Jørgensen 1994, 

1999, 2001, Jørgensen & Bernardi 1997, Chaloupka 2002), the main vocation of the StDM is 

a mechanistic understanding of the holistic ecological dynamics, based on statistical 

parameter estimation methods and taking into account stochastic/random phenomena that 

characterize the real ecological processes (Santos & Cabral 2004, Cabral et al. 2008). Because 

statistical analyses that precede the model construction are static, the dataset recorded should 

include relevant gradients of habitat changes, so the factors time and space are implicit in the 

respective treatment. Such a procedure gives credibility to the parameters included in the 

dynamic model construction. Therefore, the StDM methodology is a sequential modelling 
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process to predict the ecological status of changing ecosystems, from which management 

strategies can be designed (Cabral et al. 2007).  
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2. OBJECTIVES 

The main goals of this study were to detect antibodies against Leptospira interrogans 

s.l. complex in serum samples and leptospiral DNA in kidney tissue of wild boars hunted in 

the Trás-os-Montes region, in order to contribute to the understanding of the eco-

epidemiological role of these ungulates in the cycle of leptospiral infection. 

This was accomplished under the following specific objectives:  

- To determine the seropositivity rate in serum samples of wild boars by the gold 

standard technique, the microscopic agglutination test (MAT), using a large battery 

of Leptospira antigens; 

- To detect leptospiral DNA in kidney tissue of wild boars by Polymerase Chain 

Reaction (PCR) methods;  

- To determine variables which can constitute risk factors associated to the disease in 

wild boar; 

- To develop a model based in the Stochastic Dynamic Methodology (StDM) to 

predict the relative abundance of the wild boars and the occurrence of positives to 

leptospirosis in the Trás-os-Montes region, facing different regional gradients of 

change. 
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3. REVIEW OF THE LITERATURE 

3.1. LEPTOSPIROSIS 

3.1.1. HISTORICAL PERSPECTIVE 

In 1860, Adolph Weil, professor of Medicine at the University of Heidelberg 

(Germany), published his description of an “infectious disease accompanied by splenomegaly, 

jaundice and nephritis”, the most severe form of leptospirosis (Levett 2001, Adler & Faine 

2006). 

Stimson (1907) made the first visual observations and description of pathogenic 

leptospires (Adler & Faine 2006), and demonstrated by silver staining the presence of clumps 

of spirochetes in kidney tubules of a patient who reportedly died of yellow fever (Levett 

2001). The bacterium observed was denominated as Spirochaeta interrogans (Inada et al. 

1916). In 1914, Inada and colleagues (Japan) isolated pure culture from the liver of a guinea 

pig injected with the blood of a patient suffering from Weil´s disease, only a short time before 

the German researchers (Inada et al. 1916). Wolbach and Binger (1914) provided the first 

valid description of saprophytic leptospires and Inada et al. (1916) from the pathogenic strains 

(Cerqueira & Picardeau 2009). The role of the rat as a source of human infection was 

discovered in 1917 (Levett 2001). 

Human leptospirosis was first described in mainland Portugal in 1931 (Figueira 1931), 

but only in 1986 in the Azores islands (Collares-Pereira et al. 2000b). The study of animal 

leptospirosis was neglected in Portugal for several years after the inquiries made by Azevedo 

in 1966 and Azevedo and Palmeiro in 1972. In 1985, the National Veterinary Research 

Laboratory (LNIV) with collaboration of the Institute of Hygiene and Tropical Medicine 

established a new section for the diagnosis of leptospirosis (Rocha 1998). The status of 

notifiable disease was attributed in 1987 for all leptospirosis types of clinical presentations 

(Icteric and non-icteric leptospirosis), despite Icterohaemorrhagiae cases have been notifiable 

since 1950 (Luisa-Vieira et al. 2006). Human leptospirosis is of mandatory declaration since 

1999 (Portaria nº 1071/98 de 31 de Dezembro Diário da República Nº 301, Série 1-B, 1998). 
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3.1.2. EPIDEMIOLOGY AND GEOGRAPHICAL DISTRIBUTION 

Studies on zoonotic diseases revealed the importance of wildlife species as hosts of 

infectious pathogens, and approximately 75% of all diseases, including zoonoses, which have 

emerged in the last few decades, are of wildlife origin (Cleaveland et al. 2001, Vicente et al. 

2002, Jones et al. 2008, Boadella et al. 2012). A close interaction between humans, livestock 

and wild animals has led to an increased frequency of zoonotic and epizootic infections 

(Cleaveland et al. 2001, Bengis et al. 2004, Jones et al. 2008, Cutler et al. 2010). 

The World Health Organization (W.H.O.) defines an emerging disease as that which has 

recently been recognized or has occurred previously but shows an increase of incidence, 

prevalence or enlarged disease geographical distribution, as well as rise in hosts or vectors 

populations susceptible of contribute to the disease spread, in recent years. Nevertheless, the 

increased incidence of emerging diseases may result from improved knowledge or 

strengthening of epidemiological surveillance. Research studies suggest that epidemics in 

wildlife are an issue of growing importance and urgent response (W.H.O. 2001, 2003). The 

biodiversity of leptospires in the environment is affected by geographical, climatic and biotic 

interactions, and also anthropogenic activities. Environmental conditions strongly affect the 

survival outside the host and also transmission of leptospirosis by modifying the population 

biology, behaviour, or community ecology of spirochetes and their hosts (Hovind-Hougen 

1986, Faine 1992, Prescott & Zuerner 1993, Faine et al. 1999). 

Leptospirosis has a worldwide distribution, and the incidence of human infection is 

higher in warm climate countries than in temperate regions, due mainly to longer survival of 

leptospires in the environment under warm and humid conditions (Faine et al. 1999, Levett 

2001). Leptospirosis infection can occur in any month of the year, but the frequency of cases 

usually fluctuates with season (Faine 1992). The peak incidence occurs during rainy seasons 

in warm climate countries (since rapid desiccation is a limiting factor in leptospires survival) 

and in summer or autumn in temperate zones, where the limiting factor is the temperature 

(Faine 1992, Levett 2001). Survival of pathogenic leptospires outside the host, being a unique 

feature within spirochetes, contributes to the maintenance of infection cycles in reservoirs and 

to an increased infection risk for accidental hosts (Faine et al. 1999, Levett 2001). 

An international survey conducted by the International Leptospirosis Society (ILS) 

reported ≥350,000 cases of severe human leptospirosis annually, which indicated an average 
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global incidence rate of 5 cases/100,000 inhabitants (Goris et al. 2013), with case fatality rates 

ranging from 3% to 70%, depending on the severity of clinical manifestations (Ahmed et al. 

2009). The incidences in warm regions are >10 cases/100,000 inhabitants/year and in 

temperate regions of 0.1-1 cases/100,000 inhabitants/year (Hartskeerl et al. 2011). 

Leptospirosis is considered an occupational disease, associated with activities such as 

mining, sewer maintenance, animal husbandry, veterinary medicine, farming, slaughterhouse 

work, pet trading, and military manoeuvres, among others. The relative importance of 

occupational activities in risk of contracting leptospirosis has decreased in recent decades, and 

many cases have been associated with marginal living conditions, or recreational activities, 

such as water sports in fresh water collections (swimming, rafting, canoeing), camping, 

caving, agritourism and wildlife contact (Gillespie & Ryno 1963, Levett 2001, Adler et al. 

2002). The warm climate countries benefit from an increasing popularity as holiday 

destinations, often in association with adventure tourism activities, representing a high risk of 

infection (Brandling-Bennett & Pinheiro 1996, McCurry 2009, Hartskeerl et al. 2011) and 

this exposures have become relatively more important (Levett & Haake 2010). 

Leptospirosis is (re-)emerging globally and numerous outbreaks have occurred 

worldwide during the past decade. The most recent examples are the epidemics in Nicaragua 

(Zaki et al. 1996), Sri Lanka (Agampodi et al. 2009) and Philippines (Brandling-Bennett & 

Pinheiro 1996, McCurry 2009), each affecting several thousands of people and causing 

hundreds of deaths. However, the true spread and increase of leptospirosis remains unknown, 

as the quality and availability of diagnostic tests, testing facilities and surveillance systems are 

highly variable and frequently absent (Levett 2001, Hartskeerl et al. 2011, Picardeau et al. 

2014). 

In Portugal, between 2001 and 2008 have been reported 378 cases, with a minimum 

incidence rate of 0.19 cases/100,000 inhabitants in 2008 and a maximum of 0.39 

cases/100,000 inhabitants in 2006 (DGS 2007, 2008, 2010). The number of cases officially 

reported has been low in mainland Portugal, when compared with the increasing number of 

notified cases in São Miguel and Terceira islands (Azores) (Collares-Pereira et al. 2000a, 

Collares-Pereira et al. 2000b, W.H.O. 2001, Luisa-Vieira et al. 2006). 
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3.1.3. TAXONOMY 

The Leptospira genus is a member of the family Leptospiraceae, which belongs to the 

order Spirochaetales (Nascimento et al. 2004), a unique group of bacteria in terms of their 

evolution and which include pathogens with medical importance, such as the causal agents of 

Lyme disease, syphilis and leptospirosis (Cerqueira & Picardeau 2009). The family 

Leptospiraceae includes three genus: Leptospira, Leptonema and Turneriella (Figure 1) 

(Brenner et al. 1999, Levett et al. 2005a, Levett & Smythe 2006, Morey et al. 2006, 

Stackebrandt et al. 2013). The term leptospires is used to refer to any members of the family 

Leptospiraceae (Figure 1). 

In 1989, the genus Leptospira 

was divided into two groups, 

Leptospira interrogans s.l. (pathogenic 

strains) and L. biflexa s.l. (saprophytic 

strains) (Brenner et al. 1999, Levett 

2001, Cerqueira & Picardeau 2009). To 

date, the genus Leptospira comprises 

20 species, grouped in pathogenic, 

intermediate, and saprophytic species 

(Table 1) (Morey et al. 2006, 

Cerqueira & Picardeau 2009, Xue et al. 

2009, Ahmed et al. 2011, Bourhy et al. 2011). Intermediate species are that which of unclear 

pathogenicity, forming a group distinct from pathogens and saprophytes by 16S rRNA 

sequence analysis (Ramadass et al. 1990, Hookey et al. 1993, Perolat et. 1998, Morey et al. 

2006). The main agents of leptospirosis are L. interrogans, L. borgpetersenii, L. santarosai, L. 

noguchii, L. weilii, L. kirschneri and L. alexanderi (Table 1) (Ahmed et al. 2006). 

The primers described by Merien et al. (1992) amplify both pathogenic and non-

pathogenic strains, while the G1/G2 primers described by Gravekamp et al. (1993) do not 

amplify L. kirschneri serovars. Several primer pairs have been developed from genes that 

have confined to the pathogenic strains (Picardeau et al. 2008), and targets comprised the 

genes lig (Palaniappan et al. 2005, Vinodh et al. 2008), hap1 (Branger et al. 2005), and 

lipoproteins LipL32 (Haake et al. 2000, Levett et al. 2005b, Paiva-Cardoso 2009), LipL21 

Figure 1 - The family Leptospiraceae (adapted from Levett 

& Haake 2010). 
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(Cheemaa et al. 2007, Paiva-Cardoso 2009, Chandan et al. 2011) and LipL41 (Theodoridis et 

al. 2005), but only few have been subjected to clinical evaluation at a limited scale (Ahmed et 

al. 2011). The LipL32 (i.e. the LipL32F and LipL32R) target was amplified from pathogenic 

leptospires belonging to L. alexanderi, L. borgpetersenii, L. interrogans, L. kirschneri, L. 

noguchii and L. santarosai, but was not amplified from any strains of the non-pathogenic 

species L. biflexa, L. meyeri and L. parva, or from the intermediate species L. inadai, L. fainei 

and Leptonema illini (Levett et al. 2005b).  

The leptospiral genome comprises two circular chromosomes and presents 

approximately 5,000kb in size (Levett 2001, Bharti et al. 2003). This size is large compared 

with other spirochetes genomes, such as Treponema spp. (Fraser et al. 1998) and Borrelia 

spp. (Fraser et al. 1997), which may explain the ability of Leptospira species to live within 

diverse environments, such as in animal bodies and freely in the environment (Kirschner & 

Maguire 1957, Wilson et al. 1983, Faine et al. 1999). The genome size of L. interrogans has 

been determined to be 4,659Mb (Levett et al. 2005b). Leptospires contain two sets of 16S and 

23S rRNA genes (Levett 2001) but only pathogenic strains contained a highly conserved 5S 

rRNA gene (Adler & Faine 2006). The full-length 16S rRNA gene sequences ranged from 

1,422 to 1,432bp for Leptospira spp. and 1,428 to 1,440bp for Leptonema illini and 

Turneriella parva (Morey et al. 2006). 

 

Table 1 - Classification of the genus Leptospira according to pathogenic, intermediate or saprophytic 

species (adapted from Levett & Smythe 2008, Adler & Moctezuma 2010, Ahmed et al. 2011, Bourhy 

et al. 2011). 

Pathogenic Intermediate Saprophytic 

L. interrogans L. inadai L. biflexa 

L. santarosai  L. fainei  L. wolbachii  

L. weilii L. broomii L. vanthielii 

L. borgpetersenii L. wolffii L. terpstrae 

L. noguchii L. licerasiae  L. yanagawae 

L. kirschneri   L. meyeri 

L. alexanderi   

L. alstonii    

L. kmetyi   
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The serovar is the basic taxon used to classify leptospires and is defined by serological 

criteria, where differences in agglutinating antigens are used as the basis for identification and 

classification (Adler & Faine 2006, Ahmed et al. 2006, Cerqueira & Picardeau 2009). 

Antigenically, related serovars were placed together in serogroups. To date, nearly 300 

serovars have been identified and divided in 25 different serogroups of antigenically similar 

serovars (Gravekamp et al. 1993, Ahmed et al. 2006, Paiva-Cardoso et al. 2013). The 

nomenclature described in this document follows the standards approved by the 

Subcommittee on the Taxonomy of Leptospiracea (Levett & Smythe 2006). 

In general, each serovar is adapted to a particular mammalian host such as rodents 

(Hartskeerl & Terpstra 1996, Collares-Pereira et al. 1997, 2000a, Paiva-Cardoso et al. 2013), 

insectivores (Collares-Pereira et al. 1997, 2000a), dogs (Vinetz et al. 1996, Ko et al. 1999, 

Arent et al. 2013), pigs (Rocha 1990, Rocha et al. 2004) and cattle (Ellis et al. 1985, Collares-

Pereira 1991, Ellis 1994, Rocha 1998). Serovars can be adapted to several hosts, while one 

host might carry several distinct serovars. In addition, serovars continue to adapt to new hosts 

because the cycle is complex and dynamic (Cerqueira & Picardeau 2009, Hartskeerl et al. 

2011). 

 

3.1.4. ETIOLOGICAL AGENT CHARACTERIZATION 

In 1914, the etiology of leptospirosis was demonstrated independently and 

simultaneously by two different groups of researchers, from Japan and Germany (Inada et al. 

1916, Levett 2001, Adler & Faine 2006) by the isolation of a bacterium with a helicoidal form 

denominated as Spirochaeta interrogans, nowadays denominated of leptospire. 

Leptospires are flexible, Gram-negative bacteria, tightly coiled spirochetes with very 

active motility, both rotating (“spinning”) and bending highly motile (Figure 2) (Inada et al. 

1916, Prescott & Zuerner 1993, Levett 2001). They are thin, measuring 0.1µm in diameter 

(able to pass through filters with a diameter of 0.22μm). Their length can vary between 3-

20μm. The helical amplitude is approximately 0.1-0.15µm and the wavelength ranges 

between 0.3-0.6μm. One or both ends are typically hook-shaped (Inada et al. 1916, Faine et 

al. 1999, Paiva-Cardoso 2009). 
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The aspect and motility of leptospires varies with the nature of the medium. In liquid 

media, cells appear bent or hooked at one or both ends. The spherical shapes are present 

particularly in older cultures, or when cells are exposed to adverse conditions, for example in 

hypertonic media (Johnson & Faine 1984, Levett 2001, Paiva-Cardoso 2009). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Darkfield or phase-contrast microscopy of wet preparations is required for direct 

visualisation of leptospires, since the spirochete stain poorly. Electron microscopy shows a 

cylindrical cell body (protoplasmic cylinder) wound helically around an axistyle, which 

comprises two axial filaments (a spirochetal form of a modified flagellum) inserted 

subterminally at extremities of the cell body, with their free ends directed towards the middle 

of the cell. An external sheath envelops the axistyle and protoplasmic cylinder, which is 

delimited by a cytoplasmic membrane. The axial filament is thought to be a cytoskeletal 

element that enables movement. It is attached to the inner surface of the membrane and 

periodically contracts, causing rotation of the spiral and thus movement (Hovind-Hougen et 

al. 1976, Faine et al. 1999, Charon & Goldstein 2002). 

Leptospires are obligate aerobes, and saprophytic can be distinguished by their ability to 

grow at 11-13 °C, whereas pathogens have an optimum growth temperature between 28-30 °C 

a 
b 

Figure 2 - Observation of Leptospira spp. (a) darkfield (adapted from Adler & 

Moctezuma 2010), (b) scanning electron micrograph (adapted from Levett 2001). 
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(Wilson et al. 1983, Holt et al. 1994). They produce both catalase and oxidase, and are 

cultivated in artificial media containing 10% rabbit serum or 1% bovine serum albumin plus 

long-chain fatty acids at pH 6.8-7.4 (Wilson et al. 1983, Holt et al. 1994). The nutritional 

requirements of Leptospira are unique although simple. Vitamins B1 and B12 and long-chain 

fatty acids are the only organic compounds that are known to be required. Fatty acids are their 

major source of energy and carbon, and are also required as a source of cellular lipids since 

Leptospira cannot synthesize fatty acids de novo (Wilson et al. 1983, Prescott & Zuerner 

1993). The most widely used medium in current practice is based on the oleic acid-albumin 

medium EMJH (Ellinghausen-McCullough-Johnson-Harris), which contains 1% bovine 

serum albumin and Tween 80 (source of long-chain fatty acids) (Wilson et al. 1983, Ellis et 

al. 1985). 

Media are made selective by the addition of several antimicrobial agents, being the most 

common 5-fluorouracil and neomycin sulphate, although polymyxin B, rifampicin, and 

vancomycin have been used. Serum-containing liquid or semisolid media include Korthof´s 

and Fletcher´s (Ellis et al. 1976, Wilson et al. 1983). Leptospires incorporate purine but not 

pyrimidine bases into their nucleic acids. The antimetabolite 5-fluorouracil is used in selective 

media for the isolation of leptospires from contaminated sources (Adler & Faine 2006). 

Cultures should be checked for the presence of contaminating bacteria after 3-4 days and 

subcultured after 7-21 days, although leptospires can survive in undisturbed liquid culture for 

months, and in semisolid media for years (Faine et al. 1999). 

The EMJH medium is widely used for the maintenance of Leptospira strains and it is 

commercially available. Some strains of Leptospira do not grow well in this medium, what 

can be countered with addition of 2-3% of rabbit serum (Paiva-Cardoso 2009). In the semi-

solid medium is easily visualized the multiplication of leptospires, showing one or more 

horizontal turbidity rings below the surface (1-3cm), called “Dinger`s rings”, where 

leptospires found optimal levels of oxygen. This medium is favourable to the initial isolation 

of leptospires and conservation for long periods. Liquid medium is converted into semi-solid 

by the addition of 0.2-0.5% of agar-agar (w/v). The presence of the leptospires in the liquid 

medium is detected by turbidity, when the tube is slightly agitated, and the liquid shows the 

appearance of "tobacco smoke”. This medium is important for the growing of the antigens 

and classification of the isolates (Wilson et al. 1983, Levett 2001, Paiva-Cardoso 2009). 
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The microscopic agglutination test (MAT), first named as “agglutination lysis reaction” 

is the gold standard and remains the reference test for the immunologic diagnosis of 

leptospirosis, the procedure more widely used. Generally provides an indication of the 

presumptive serovar or serogroup that cause the infection, but rarely identifies it (Cole et al. 

1973, Cumberland et al. 1999, Levett 2001). According to the Taxonomic Subcommittee on 

Leptospira, the end point is the highest dilution of serum at which 50% agglutination occurs 

and approximately 50% free cells, compared to the control suspension, diluted 1:2 in 

phosphate-buffered saline (PBS). The MAT detected both IgM and IgG class antibodies and 

should be made with leptospiral cultures in EMJH liquid medium as live antigens. However, 

the MAT can only confirm the disease at a later acute phase because anti-Leptospira 

antibodies normally become detectable only 5 to 7 days after onset of illness (Weyant et al. 

1999, Levett et al. 2003, Paiva-Cardoso 2009). 

MAT remains the reference test despite presenting some disadvantages, such as: i) 

difficult of standardizing live antigens; ii) laborious and time consuming; iii) biohazards for 

operators; iv) expensive. Age and density of the antigen culture can influence the 

agglutination titre. High dense antigens will make this technique less sensitive, while low 

densities tend to provide higher titres. The interpretation of MAT’ results is complicated by 

the high degree of cross-reaction that occurs between strains from different serogroups, 

especially in samples collected in acute-phase of the disease (Levett 2001, Paiva-Cardoso 

2009). 

 

3.1.5. TRANSMISSION AND HOSTS 

Leptospirosis is a bacterial zoonotic disease of global distribution and importance 

(Faine et al. 1999). The disease is caused by spirochetes of the genus Leptospira (Figure 2) 

and the transmission can occur directly or indirectly between individuals of the same species, 

as well as, to any other mammal, including humans (Little 1986). Leptospires are maintained 

by the persistent colonisation of proximal renal tubules (their natural habitat) of maintenance 

hosts, from where they excreted in urine into the environment (Ellis & Michna 1977, 

Thiermann 1982, Grégoire et al. 1987, Leonard et al. 1992, Faine et al. 1999). In addition, the 

genital tract of domestic animals acts as sites of persistence (Ellis et al. 1985, Ellis 1994). 
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Most mammalian species can be considered potential reservoirs and shedders of 

pathogenic leptospires (Figure 3), and the risk of acquiring leptospirosis is associated with 

contact with animals (Meyer at al. 1939, Gillespie & Ryno 1963, Hathaway & Little 1981, 

Little 1986). 

In the epidemiological chain of leptospirosis are involved different types of carriers, 

maintenance and accidental hosts. Maintenance hosts are 

defined as the animal species where a pathogenic leptospire 

is able for the continued survival in any given ecosystem, in 

which the infection is endemic in the host’s population of a 

certain geographical area, being the intra-specific 

transmission very favoured. In contrast, accidental hosts 

(such as humans) are infected by contact with environmental 

contamination with urine of infected animals (Figure 3) 

(Hathaway et al. 1982, Ellis 1984, Little 1986). The 

transmission occurs through the ingestion of contaminated 

food and water or by contact with the skin or mucous 

membranes (Ellis 1984). However, it is important to note that 

animals may be maintenance hosts for serovars and 

incidental to some other, in which the infection can cause 

severe or fatal disease (Ellis 1984, Little 1986, Pritchard 

1986). 

Maintenance host infection is usually acquired at an early age and the prevalence of 

chronic leptospires excretion in urine increases with age. Other animal species may become 

infected by direct or indirect contact with the maintenance host excretions. The disease could 

remain asymptomatic in chronically infected animals, and they will continue shedding 

leptospires in urine during their entire lifetime (Faine 1982, Ellis 1984). Leptospires are 

present in the blood during the first days of illness, and in urine after the second week of 

illness in acute cases and over prolonged periods (up to a year or more) in maintenance hosts 

(Weyant et al. 1999, Levett et al. 2003). 

Acute disease is more common in accidental hosts, which generally present severe 

clinical manifestations and pathological damage in their internal organs. The most important 

Figure 3 - Epidemiology of 

leptospirosis in animals and 

humans (adapted from Adler & 

Moctezuma, 2010). 
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species which constitute maintenance hosts for leptospires are small mammals, mainly 

rodents, which transmit the infection to wild and domestic animals, and man (Ellis 1984, 

Hartskeerl & Terpstra 1996, Luisa-Vieira et al. 2006, Arent et al. 2013, Paiva-Cardoso et al. 

2013). 

Leptospirosis is an important disease in many professional groups, particularly affecting 

farmers, miners, slaughterhouse workers, food inspectors, veterinarians, pest control and 

sewage personnel, hunters, fishermen and biologists (Collares-Pereira et al. 2000, Levett 

2001, Bharti et al. 2003, Adler & Moctezuma 2010, Hartskeerl et al. 2011). Also affects other 

risk groups, such as outdoors and adventure sports fans (camping, rafting and canoeing) and 

nature watchers (Paiva-Cardoso 2009). 

Several species of rodents and other small mammals are natural hosts of pathogenic 

leptospires and their local abundance can be an indicator of the potential transmission risk of 

Leptospira to humans and domestic animals (Little 1986, Collares-Pereira et al. 2000b). Some 

host-serovar associations seem to be ubiquitous, for example Rattus species and serovars 

Icterohaemorrhagiae/Copenhageni (Webster et al. 1995, Bharti et al. 2003), mice and 

serogroup Pomona/Ballum serovars (Collares-Pereira et al. 2000b, Paiva-Cardoso et al. 

2013), voles and serovar Grippotyphosa (Hartskeerl & Terpstra 1996), shrews and sv. Poi 

(Hartskeerl & Terpstra 1996), dogs and sv. Canicola (Levett et al. 2001), pigs and Australis, 

Pomona and Tarassovi serogroups (Rocha 1998, Levett 2001), cattle and sv. Hardjo (Ellis et 

al. 1985), Pomona and Grippotyphosa (Gillespie & Ryno 1963, Hartskeerl & Terpstra 1996, 

Collares-Pereira et al. 1997, Levett 2001), horses and sv. Bratislava (Rocha et al. 2004), and 

sheep and sv. Hardjo (Gerritsen et al. 1994, Gordon 1980).  

Moreover, a single species may carry different serovars in geographically distinct 

populations, as exemplified by the small Indian mongoose (Herpestes auropunctatus), which 

maintains sv. Sejroe and Icterohaemorrhagiae in Hawaii (Tomich 1979), sv. 

Icterohaemorrhagiae and Djatzi in Puerto Rico (Alexander et al. 1963), sv. 

Icterohaemorrhagiae and Jules in Jamaica (Sulzer 1975), serovars Icterohaemorrhagiae and 

Brasiliensis in Grenada (Everard et al. 1980), and sv. Canicola in Trinidad (Everard et al. 

1976) (Bharti et al. 2003). 

Pathogenic mechanisms of leptospires are still not very well understood (Prescott & 

Zuerner 1993, Levett 2001). One mechanism of virulence is motility of leptospirosis, that may 
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play a role in the initial infection and dissemination of leptospires from the local of entry to 

end-organs, such as lung, liver, kidney, eye, and brain (Charon & Goldstein 2002, 

Nascimento et al. 2004, Faine 1982, Hartskeerl et al. 2011). Of the 4,768 predicted genes 

identified in the genome sequence, at least 50 are related to motility. Consistent with the 

predicted ability to migrate through host tissues, the leptospires have a range of potential 

virulence factors that may facilitate this process (Bharti et al. 2003). 

 

3.1.6. CLINICAL SYMPTOMS 

Leptospirosis has protean manifestations, and mimics the clinical presentations of many 

other diseases, leading to an ineffective clinical diagnosis (Bharti et al. 2003, Adler & 

Moctezuma 2010, Hartskeerl et al. 2011). 

In humans, the severity of disease varies from mild to severe, depending on a number of 

known and unknown factors, including infective serovar and host immune status. Human 

mortality rates due to leptospirosis vary from 3% over 50% (Adler & Moctezuma 2010, 

Hartskeerl et al. 2011). Clinical manifestations of leptospirosis are very variable and can 

include fever, myalgia, severe headache, chills, diarrhea, nausea and vomiting, 

oliguria/anuria, jaundice, conjunctival suffusion, aseptic meningitis, bleeding, joint pain, skin 

rashes, cough, cardiac arrhythmias, psychosis and/or delirium (W.H.O. 2001, 2003, 

Hartskeerl et al. 2011). In acute illness, early manifestations in humans are nonspecific 

symptoms such as myalgia, fever and headache, compatible with most infectious diseases 

known. Because of its unspecific signs, leptospirosis presents differential diagnoses as 

influenza, pneumonia, hepatitis, dengue, hantavirosis or other viral haemorrhagic fevers, 

yellow fever, malaria, brucellosis, Lyme disease, typhoid fever and other enteric diseases 

(Faine 1982, Bharti et al. 2003, Adler & Moctezuma 2010, Hartskeerl et al. 2011). 

In animals, the clinical signs of leptospiral infection include abortion, low fertility rates, 

birth of weak calves, mastitis, eye disorders and deaths. The acute phase usually begins with 

fever and anorexia, depression, vomiting, abdominal pain, dehydration and can be followed 

by mucosal bleeding, jaundice and reddish urine (due to lysis of red blood cells) when 

infected by certain serovares (Ellis & Michna 1976, Faine 1982, Peñuela et al. 2011). In 
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pregnant animals, the fetus or fetuses may be infected during leptospiraemic phase (Faine 

1982). 

 

3.2. WILD BOAR (SUS SCROFA) 

The wild boar (Sus scrofa Linnaeus, 1758) is a member of the family Suidae, which 

belongs to the order Artiodactyla (Jedrzejewska et al. 1997, Rosell et al. 2001, Calado 2009). 

This family comprises eight genera, with four main groups based on the morphology and size 

of the canines teeth. The peccaries, babirrussas, hiloceros, warthogs and wild pigs constitute 

the main group of swine (Figure 4) (Acevedo et al. 2006, Fernández-Llario 2008, Calado 

2009). 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2.1. DIVERSITY AND GEOGRAPHICAL DISTRIBUTION 

The genus Sus includes eight species, located mainly in Asia, although the distribution 

of native wild boar covers also Europe and north of Africa (Figure 5) (Rosell et al. 2001, 

Figure 4 - Diversity and phylogenetic relationship between the species of 

the family Suidae (adapted from Chen et al. 2007, reproduced with journal 

permissions). 
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Acevedo et al. 2006, Fernández-Llario 2008, Wasinski & Pejsak 2010). In Europe, the 

expansion of the wild boars distribution began in the 1960s (Sáez-Royuela & Tellería 1986, 

Fernández-Llario 2008, Bosch et al. 2012, Casas-Díaz et al. 2013), and like in Portugal, this 

species is very common and widespread (Fonseca et al. 2004) and according the Portuguese 

Red Data Book presents the status of “least concern” (LC) (Cabral et al. 2005). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The wild boar is an ungulate, and presents in Europe several subspecies, such as Sus 

scrofa scrofa Linnaeus, 1758, Sus scrofa meridionalis Major, 1882, Sus scrofa attila Thomas, 

1912, among others (Rosell et al. 2001, Fernández-Llario 2008). The subspecies present in 

Portugal is Sus scrofa castilianus Thomas, 1912 (Figure 6), which occupies almost the entire 

Iberian Peninsula, with the exception of the south (Fernández-Llario 2008, Calado 2009). 

Figure 5 - Worldwide distribution of Sus scrofa. The species native range is demarked in black 

and introduced range in gray. Gray circles indicate the islands where S. scrofa have been 

introduced and (?) denotes occurrence but unknown distribution (adapted from Barrios-Garcia 

& Ballari 2012, reproduced with author’s permission). 
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3.2.2. LEPTOSPIROSIS IN WILD BOAR POPULATIONS 

The wild boar is the most important big game species in Portugal, and its population 

density has greatly increased in the last decades (Rossell 1995, Spitz 1999, Fernández-Llario 

& Mateos-Quesada 2003, Fonseca et al. 2004, Acevedo et al. 2007). The species growth has 

been linked to socio-economic changes (disappearance of traditional agriculture due to 

emigration from rural areas), which have improved the environmental conditions necessary 

for the species, namely with variations in the type of dominant crops (Baettig 1980, Sáez-

Royuela & Tellería 1983, Sáenz de Buruaga 1995), reintroductions (Bouldoire 1984), lack of 

predators and limited hunting and additional food suply, a remarkable adaptability to diverse 

environments (Boitani et al. 1994, Acevedo et al. 2007, Jansen et al. 2007), great tendency to 

move (Andrzejewski & Jezierski 1978, Baettig 1980) and high reproductive rates (Rosell et 

al. 2001, Fonseca et al. 2004). However, this rapidly increasing resulted in severe economic 

problems, as enormous damages in crop fields and forest (Bratton 1975). 

Wild boar can act as a reservoir for some infectious diseases, which affect domestic 

pigs, and their movements can potentially result in the spread of diseases (Ebani et al. 2003, 

Vengust et al. 2008, Casas-Díaz et al. 2013). However, little information is available about 

the prevalence and distribution of infectious agents in wild boar populations (Vicente et al. 

2002, Ebani et al. 2003, Calado 2009, Espí et al. 2010, Boadella et al. 2011, Casas-Díaz et al. 

2013). 

 

Figure 6 - The wild boar (Sus scrofa): in the left is represented the familiar group, composed only by adult 

females, piglets and yearlings; and in the right the adult male (scientific illustration by ©Fernando Correia, 

www.efecorreia-artstudio.com). 
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In the Iberian Peninsula, hunting is an important business since the managers of hunting 

areas get high yields through hunting licenses, compared to agriculture or livestock. The 

hunting areas tend to maintain high densities of wild boar to maximize the return. The density 

of animals is maintained by intensive management, including water points in summer and 

artificial alimentation throughout the year (Boadella et al. 2011, Bosch et al. 2012). 

In the last decade, several studies have been shown the presence of antibodies anti-

Leptospira in wild boar, namely in Austria (Deutz et al. 2002), Spain (Vicente et al. 2002, 

Espí et al. 2010), Italy (Ebani et al. 2003), Croatia (Cvetnic et al. 2003, Slavica et al. 2008), 

Czech Republic (Treml et al. 2003), Germany (Jansen et al. 2006, Jansen et al. 2007), 

Slovenia (Vengust et al. 2008), Japan (Koizumi et al. 2009), Poland (Wasinski & Pejsak 

2010), Brazil (Fornazari et al. 2011) and Sweden (Boqvist et al. 2012). Table 2 presents 

seropositive rate results obtained worldwide, serovars potentially involved in infection and 

serological titres obtained. 

In Trás-os-Montes region, the wild boar meat is well appreciated for consumption, and 

during hunting practice, the manipulation of dead animals may contribute to the the spread of 

infectious diseases.  

In fact, the problem of emerging and re-emerging zoonoses is transversal to all 

susceptible hosts that inhabit in the same ecosystem, like domestic animals, wildlife or 

humans. Therefore, only a multidisciplinary perspective and integrated surveillance may 

contribute to understanding the epidemiology of this disease, allowing an appropriate control 

of some infectious diseases (Paiva-Cardoso 2009). To understand the epidemiology of 

leptospirosis in the region is important to identify the dominant serovars and their hosts. 
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Table 2 - Worldwide serological data from several studies in wild boar. 

Country 
Collecting 

Years 

Samples 

tested  

Nº 

Positive(%) 

Nº Positive by 

serovar(%) 
Titres (n) Serovar References 

Spain 1999 to 2000 78 9 (11.54) 9 (11.54) 1:400 (9) Pomona Vicente et al. (2002) 

Croatia 2000 to 2002 154 40 (25.97) 

1 (2.50) 1:100 (1) Icterohaemorrhagiae  

19 (47.50) 

1:100 (8) 1:200 (5) 

1:400 (1) 1:800 (3) 

1:3200 (1) 1:6400 

(1) 

Pomona 

Cvetnic et al. (2003) 
4 (10.00) 

1:100 (3) 1:1600 

(1) 
Grippotyphosa 

16 (40.00) 

1:100 (7) 1:200 (6) 

1:400 (1) 1:800 (1) 

1:1600 (1) 

Australis 

Italy 1997 to 2000 562 34 (6.05) 
29 (5.10) 

1:100 (20) 

Bratislava 
Ebani et al. (2003) 

1:200 (5) 

1:400 (4) 

5 (0.90) 1:100 (5) Icterohaemorrhagiae 

Czech Republic 1999 to 2003 307 52 (16.94) 

27 (51.90) 1:100 (27) 

Grippotyphosa Treml et al. (2003) 

10 (19.40) 1:200 (10) 

4 (7.60) 1:400 (4) 

4 (7.60) 1:800 (4) 

5 (9.70) 1:1600 (5) 

2 (3.80) 1:3200 (2) 

Croatia  1996 to 2005 431 151 (35.03) 

92 (21.35) NI Australis 

Slavica et al. (2008) 
43 (9.98) NI Pomona 

16 (3.71) NI Sejroe 

10 (2.32) NI Icterohaemorrhagiae 
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Country 
Collecting 

Years 

Samples 

tested  

Nº 

Positive(%) 

Nº Positive by 

serovar(%) 
Titres (n) Serovar References 

8 (1.86) NI Ballum 

10 (2.32) NI Grippotyphosa 

6 (1.39) NI Tarassovi 

3 (0.70) NI Bataviae 

1 (0.23) NI Hardjo 

Slovenia 2004 to 2005 437 200 (45.77) 

25 (5.72) 

1:100 (15) 1:200 

(4) 1:400 (3) 1:800 

(2) 1:1600 (1) 

Grippotyphosa 

Vengust et al. (2008) 

10 (2.19) 
1:100 (9) 1:1600 

(1) 
Sejroe 

14 (3.20) 
1:100 (9) 1:200 (1) 

1:400 (3) 1:800 (1) 
Pomona 

107 (24.48) 

1:100 (79) 1:200 

(7) 1:400 (7) 1:800 

(7) 1:1600 (6) 

1:3200 (1) 

Tarassovi 

19 (4.35) 

1:100 (10) 1:200 

(3) 1:400 (3) 1:800 

(2) 1:3200 (1) 

Icterohaemorrhagiae 

16 (3.66) 
1:100 (14) 1:200 

(2) 
Canicola 

43 (9.84) 

1:100 (33) 1:200 

(4) 1:400 (3) 

1:1600 (1) 

Australis 

9 (2.06) 1:100 (8) 1:200 (1)  Bataviae 

46 (10.53) 
1:100 (45) 1:400 

(1) 
Saxkoebing 

62 (14.19) 1:100 (24) 1:200 Bratislava 
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Country 
Collecting 

Years 

Samples 

tested  

Nº 

Positive(%) 

Nº Positive by 

serovar(%) 
Titres (n) Serovar References 

(25) 1:400 (4) 

1:800 (5) 1:1600 

(3) 1:3200 (1) 

25 (5.72) 
1:100 (22) 1:200 

(2) 1:800 (1) 
Hardjo 

Japan 2005 to 2008 145 22 (15.17) 22 (15.17) NI NI Koizumi et al. (2009) 

Spain 2004 to 2005 174 25 (14.37) 

9 (5.20) 

1:80 (3) 1:160 (2) 

1:640 (2) 1:1280 

(2) 

Pomona 

Espí et al. (2010) 

8 (4.70) 
1:80 (3) 1:160 (4) 

1:1280 (1) 
Bratislava 

3 (1.70) 1:80 (3) Grippotyphosa 

2 (1.20) 1:80 (2) Pyrogenes 

1 (0.60) 1:1280 (1) Copenhageni 

1 (0.60) 1:80 (1) Autumnalis 

1 (0.60) 1:160 (1) Icterohaemorrhagiae 

Brazil NI 308 63 (20.45) 

29 (46.00) 

1:100 to 1:400 

Hardjo 

Fornazari et al. (2011) 

11 (17.40) Copenhageni 

8 (12.70) Pomona 

4 (6.30) Pyrogenes 

4 (6.30) Wolfii 

3 (4.70) Autumnalis 

2 (3.10) Icterohaemorrhagiae  

1 (1.50) Hardjo-miniswajezak 

Sweden 2005 to 2007 386 12 (3.11) 

9 (2.30) 1:100 (4) 1:200 (5) Bratislava 

Boqvist et al. (2012) 
3 (0.80) 

1:400 (1) 1:800 (1) 

1:1600 (1) 
Icterohaemorrhagiae 
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4. MATERIAL AND METHODS 

4.1. STUDY AREA 

The study was carried out in the Trás-os-Montes region (40º55‘-42º00‘N and 6º12‘-

7º55‘W) located in the northeastern of Portugal. This area is placed in the Carpetan-Iberian-

Leonese Province of the 

Mediterranean biogeographic 

region (Figure 7) (Costa et al. 

1998, Monzón & Bento 2004). 

The climate is essentially 

Mediterranean, with an 

influence of the Atlantic 

climate. This combination 

creates hot and dry short 

summers and cold long winters. 

The mean annual temperature is 

13.1 ºC and the average annual 

rainfall ranges from 361 to 

2012mm (Fonseca et al. 2004). 

The Mediterranean landscape is heterogeneous, and includes forestry patches with 

agricultural land. Forests occupy 26% of the area and are diversified due to the presence of 

Quercus rotundifolia (holm oak), Q. suber (cork oak), Q. robur (english oak), Q. pyrenaica 

(pyrenean oak), Juniperus oxycedrus (prickly juniper), Castanea sativa (chestnut), Pinus 

pinaster (maritime pine) and Eucalyptus globulus (tasmanian blue gum) (Boitani et al. 1994, 

Fonseca et al. 2004, Monzón & Bento 2004, LPN 2007). Shrubs associations are 

characterized by the presence of Genistello tridentatae-Ericetum aragonesis, Genisto 

falcatae-Ericetum arborea, Cytiso scoparii-Genistetum polygaliphyllae, Cytiso striati-

Genistetum polygaliphylla, Lavandulo sampaionae-Cytisetum multiflori and Erico scopariae-

Arbutetum unedonis (Fonseca et al. 2004, Monzón & Bento 2004). 

 

 

Figure 7 - Study area. 
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4.2. FIELD WORK 

The target populations for this study were the wild boars harvest during the hunting 

seasons of 2011/2012 and 2012/2013. The best hunting method selected for collecting 

samples of these animals was the organized hunts (called as “montarias” in Portuguese), 

which is a typical way of big game hunting in Europe. Hunting take place through the 

afternoon (from 12:00 to 15:00), mainly between October to February, and the animals were 

attracted to the hunting bags by laying out additional supplies of food (maize, potato, 

chestnut). During the hunting practice, several hunters were positioned at a different fixed 

points inside the hunting bag, and with the help of different breeds of dogs, the wild boars 

were chased towards the hunters, who can shoot only the yearlings and adults, without a 

minimum number of animals (Fernández-Llario et al. 2003, Fonseca et al. 2004).  

The hunts were selected from a list of scheduled hunts in the districts of Vila Real and 

Bragança, according to the hunting season defined by law (Portaria n.º 147/2011 de 7 de 

Abril, Diário da República Nº 69, Série I, 2011 e Portaria n.º 137/2012 de 11 de Maio, Diário 

da República Nº 29, Série I, 2012). Members of the organization of the hunts were contacted 

and permission was requested to collect samples, while trying to cover as many different 

municipalities as possible. 

Several variables were included in the field form, namely related with the climate 

conditions and characteristics of the animal from which the samples were collected. All the 

members of the organization of the hunts provided a map of the hunting bag. The animal 

gender was determined by visual inspection of genitalia and age by means of tooth eruption 

patterns according three age classes, piglets (6-14 months), yearlings (14-25 months) and 

adults (>23 months) (Sáenz de Buruaga et al. 1991) (see APPENDIX I). 

Other data were taken into account, namely the county and place of the hunt, climate 

conditions at the time of sample collection, the map of hunting bag, time of death and 

evisceration of the animal, reproductive status of females (pregnant or non-pregnant), number 

of shot and sampled animals, number of hunters and hounds per pack, and other information 

such as artificial feeding and repopulation actions, as well as other information’s collected 

during the field work. 
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4.2.1. COLLECTION OF KIDNEYS AND BLOOD FROM WILD BOARS SHOT DOWN DURING THE 

HUNTS 

After each hunt, the harvested animals were brought to a collection point. The animal 

was placed in dorsal decubitus position and an incision was made from trachea to external 

genital organs. Blood samples were collected into a properly labeled test tube with disposable 

plastic pipettes. Kidneys were removed, washed with sterile saline solution and placed in 

sterile bags (Figure 8). Blood from the chest cavity was preferred, because it was likely to be 

less contaminated with digestive contents, than abdominal cavity that is frequently ruptured 

by the shot, or dogs' mandibles. 

If the animal was completely bled out before being brought for sample collection, the 

heart was cut open (Figure 8) and blood or blood clots were collected to a tube for later 

processing. 

The blood was centrifuged for 15 

minutes at 1,500 G to extract the serum. 

This was done as soon as possible in order 

to ensure the quality of the biological 

material. Serum samples were stored at -20 

ºC until being tested by the microscopic 

agglutination test (MAT). The kidneys were 

placed in plastic sterile bags, properly 

labeled and transported to the necropsy 

room at the UTAD’s Veterinary Hospital, 

where 1g samples were taken into cryovial 

tubes with Tris-EDTA buffer (TE). 

Samples were kept at -80 ºC until being 

tested by DNA extraction. 

 

4.3. LABORATORY WORK 

The laboratory work was carried out at the Laboratory of Medical Microbiology and at 

the Laboratory of Molecular Genetic of UTAD, between January and September 2013. 

 

Figure 8 - Collection of blood sample from wild boar. 
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4.3.1. PREPARATION OF EMJH LIQUID MEDIUM 

The EMJH liquid medium was prepared by the dissolution of 2.3g of EMJH base 

medium (BD Difco)
TM

 in 900mL of distilled water. The pH was adjusted to 7.4±0.2. The 

medium was placed in a sterile glass with a capacity of 1L and autoclaved at 121-124 °C for 

15min. Aseptically 100mL of albumin solution and 20mL of rabbit serum was added, 

previously inactivated at 56 °C for 30 min. The prepared medium was distributed into sterile 

tubes (7.5mL in each tube) to the flame and in a laminar flow cabinet. 

 

4.3.2. SELECTION OF LEPTOSPIRA STRAINS 

The antigens used in this work were live strains of Leptospira, which makes the 

technique more sensitive but requires extremely careful in maintaining the strains, making the 

procedure more complex and time consuming (Levett 2001, Branger et al. 2005, Cerqueira & 

Picardeau 2009, Paiva-Cardoso 2009). The selection of strains was made taking into account 

the representative serogroups recommended by OIE, the previous epidemiological data of the 

region and the species analysed. In addition, strains with local importance were also included, 

increasing the sensitivity and specificity of the microscopic agglutination test (MAT) (Levett 

2001, W.H.O. 2003). 

In a first phase, the leptospire cultures were analysed under darkfield microscopy, in 

order to guaranty the inexistence of contaminates in the Leptospira strains, maintained in 

EMJH semi-solid medium and isolated from rodents in the Trás-os-Montes region (Paiva-

Cardoso 2009). After this, some strains were subculture into fresh EMJH liquid medium, 

enriched with rabbit serum and incubated at 30±2 ºC. 

All the selected strains (local and reference strains) (Table 3) were subculture weekly 

into fresh EMJH liquid medium enriched with rabbit serum, and incubated at 30±2 ºC, and 

the viability and motility of the leptospires were examined before the MAT takes place. The 

cultures are available for the MAT between the fourth and eighth day of growth and with a 

density of 1-2x10
8
 leptospires/mL (Faine 1982, Levett 2001, W.H.O. 2003). 
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Table 3 - List of live antigens used in the microscopic agglutination test (MAT). 

Serogroup Serovar Strain 

Australis Bratislava Jêz Bratislava 

Autumnalis  Autumnalis  Akiyami A  

Ballum Arborea Pancas 

Bataviae  Bataviae  Van Tienen  

Canicola  Canicola  Hond Utrecht IV  

Celledoni  Celledoni  Celledoni  

Grippotyphosa  Valbuzzi  Valbuzzi  

Hebdomadis  Hebdomadis  Hebdomadis  

Icterohaemorrhagiae  Copenhageni  M20  

Icterohaemorrhagiae Icterohaemorrhagiae RGA 

Mini  Mini  Sari  

Panama  Panama  CZ 214  

Pomona  Mozdok  5621  

Sejroe  Hardjobovis  Lely 607  

Sejroe  Wolffi  3705  

Tarassovi  Tarassovi  Perepelitsin (Mitis 

Johnson)  

 

4.3.3. THE MICROSCOPIC AGGLUTINATION TEST (MAT) 

To detect the presence of anti-Leptospira antibodies in one hundred and one sera of 

wild boars (n=101) the microscopic agglutination technique (MAT) was used. 

The principle of the method is simple. Using a dark-field microscope and the diluted 

serum, the live antigens are added and the percentage of anti-Leptospira antibodies in the 

serum that reacted with live antigens are observed with the presence of agglutinated 

leptospires complex (after incubation). All sera were screened at a dilution of 1:50 and 

positive samples were titrated in serial twofold dilutions to determine the end-point titre. 

All sera were diluted to 1:25 in PBS, by placing in a sterile microtube 60μL of each 

serum and 1440μL of PBS (pH 7.6). In a U-well microtiter plates, properly identified, we 

placed 50μL of PBS (control) in the first well and in the other wells 50mL of each diluted 

sera. After this, 50μL of each antigen was added in all wells, obtaining a final serum dilution 

of 1:50. This procedure was repeated for all 16 serovars. The plates were incubated at 37°C, 

in the dark, for two hours. 
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Under the dark-field microscope, the degree of agglutination was assessed in terms of 

the proportion of free leptospires present, e.g., at 100% (++++) agglutination there was no 

visible free leptospires, at 50% (++) agglutination about half of the leptospires remain free 

when compared with a negative control. The results of agglutination, observed for each serum 

comparatively to all antigens, were properly recorded. 

The sera evaluated as seropositive in 1:50 serum dilution for one or more antigens were 

subsequently analysed by MAT in serial twofold dilutions to determine the end-point titre.  

Seroreactivity data were analysed statistically according to age, sex and district.  

 

4.3.4. DNA EXTRACTION FROM KIDNEY TISSUE OF WILD BOAR 

DNA extraction was made in kidney tissue samples of forty-three wild boars (n=43) 

hunted in Trás-os-Montes region. Samples were collected in the field and 1g of kidney tissue 

was stored into a cryovial with Tris-EDTA buffer (TE) at -80ºC for a short period of time. 

Subsequent work was done inside a class II laminar flow biological safety cabinet. Kidney 

tissue placed in TE was defrost inside a refrigerator, placed in a stomacher bag, macerated 

and the supernatant was used to fill several cryovials by animal, which were centrifuged at 

14,000 G for 20 minutes at +4 ºC. Then the pellet was washed twice with TE and 

ressuspended in 0.5mL of TE. Samples were kept at -80 ºC.  

DNA was extracted from samples using the ZR Fungal/Bacterial DNA MiniPrep™ 

(ZYMO RESEARCH, catalog no. D6005) according to manufacturer’s instructions with 

some modifications. Briefly, this method includ three steps, i) cell disruption using a standard 

vortex at maximum speed for 10 min; ii) purification on the spin columns in a standard 

centrifuge, and iii) elution of concentrated DNA from spin columns in two sequential elutions 

with 50μl of DNA buffer, and incubation for 5 min at room temperature before each final 

centrifugation. The DNA samples were stored at -20 ºC. 

 

4.3.5. POLYMERASE CHAIN REACTION (PCR) 

PCR was performed in this study using two different pairs of primers, a primer set 

designed from LipL32 gene sequence, resulting in a 423bp amplicon (Levett et al. 2005b), 

and a primer set designed from ligA and B genes, resulting in a 468bp amplicon (Table 4) 
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(Palaniappan et al. 2005). 

 

Table 4 - Primer sets used in this study to amplify DNA from pathogenic leptospires by PCR. 

No. Primers Primer sequences References 

1 LipL32F (5´-CGC TGA AAT GGG AGT TCG TAT GAT T-3´) Levett et al. (2005b) 

2 LipL32R (5´-CCA ACA GAT GCA ACG AAA GAT CCT TT-3´) Levett et al. (2005b) 

3 Lig1 (5´-TCA ATC AAA ACA AGG GGC T-3´) Palaniappan et al. (2005) 

4 Lig2 (5´-ACT TGC ATT GGA AAT TGA GAG-3´) Palaniappan et al. (2005) 

 

All PCR reactions for the primers LipL32F and LipL32R were performed in a total 

volume of 10μl, containing 5μl of 2x MyTaq HS Mix (Bioline
®
), 2.5pmol of each primer and 

1μl DNA sample. The amplification protocol was carried out with an initial denaturation at 95 

°C for 5min; followed by 40 cycles of denaturation at 95 °C for 30s, annealing at 55 °C for 

1min, and extension at 72 °C for 30s; and a final extension at 60 °C for 10min. 

As positive template control, DNA extracted from kidney tissue of a rodent (Rattus 

norvegicus, Rim144) trapped in the Trás-os-Montes region was used, previously found 

positive in PCR reactions, with the referred primer set, and by culturing methods (Paiva-

Cardoso 2009). A strain from Leptospira was isolated from the kidney tissue of rat 144 and 

typing by molecular (Restriction Endonuclease Analysis-REA) and serological methods 

(MAT) as L. borgpetersenii serovar Ballum. DNA extract from a Specific Pathogen Free 

(SPF) rat specimen was used as negative template control (Paiva-Cardoso 2009). The 

amplification protocol for LipL32 fragment was carried out with an initial denaturation at 95 

°C for 5min; followed by 40 cycles of denaturation at 95 °C for 30s, annealing at 55 °C for 

1min, and extension at 72 °C for 30s; and a final extension at 60 °C for 10min. PCR 

amplification of the Lig fragment was performed with an initial denaturation at 95 °C for 

5min; followed by 30 cycles of denaturation at 95 °C for 30s, annealing at 48 °C for 45s, and 

extension at 72 °C for 30s; and a final extension at 60 °C for 10min.  

The amplified products were analysed by agarose gel electrophoresis at 2.0% (w/v) 

stained with ethidium bromide, using TBE 1X as running buffer. Molecular sizes were 

determined based on a molecular weight marker (100bp BLUE eXtended DNA Ladder, 
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Bioron). After electrophoresis, gels were visualized and photographed on UV transilluminator 

(Gel Doc XR+ System, Bio-Rad). 

 

4.4. SPATIALLY-EXPLICIT STDM FRAMEWORK 

A Stochastic-Dynamic modelling methodology (StDM) was applied in order to forecast 

both the wild boar relative abundances (WBindex) and the associated occurrence of 

leptospirosis positives (OPL) in the Trás-os-Montes region. The methodological steps of the 

framework proposed were: (1) the spatial characterization of the hunting bags, according to 

the ecological requirements described for the wild boar, (2) the statistical data analysis 

regarding the relationships between land uses and wild boar occurrence, (3) the 

conceptualization and construction of the Stochastic-Dynamic model that allowed the 

simulations of the mentioned wild boar indicators and (4) the projection of the respective 

spatial dynamic patterns (Figure 11). These modelling procedures were carried out at the 

Laboratory of Applied Ecology of University of Trás-os-Montes and Alto Douro, between 

November 2012 and November 2013. 

 

4.4.1. CHARACTERIZATION OF THE HUNTING BAGS AND SELECTION OF HABITAT CLASSES 

To determine the habitat classes with relevance to explain the occurrence of wild boars 

and their potential as leptospirosis positives in the region of Trás-os-Montes a state of the art 

was conducted, highlighting the land uses and/or habitats with influence on the species 

patterns of distribution in Portugal and Europe. 

Hunting bags (n=27) were mapped using ArcGIS 10.1 (ESRI
®

), from where the 

respective centroids were calculated (Figure 9). Since our sample was mostly from hunted 

females, a buffer with 2.44km of radius was created around each centroid, assuming the 

species average home range (i.e. 1870ha) for the familiar group (adult females, piglets and 

yearlings) (Figure 10) (Singer et al. 1981, Boitani et al. 1994, Fernández-Llario 2008) from 

similar biogeographic regions (Massei et al. 1997, Santos et al. 2004).  
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The characterization of the land uses and land covers within each buffer was made 

using the Corine Land Cover 2006 (CLC2006, PEA 2012), updated with the inventory of 

burned areas to the correspondent years of hunting bags (ICNF 2013a). Also more, some land 

covers from the CLC2006 were remapped (i.e. mixed, broad-leafed and coniferous forest, 

agricultural area, and shrubland), by photointerpretation in Google Earth
®
, in order to include 

a more actualized characterization, in terms of realistic ecological successions, of these 

Figure 10 - Buffer radius around the hunting bags and centroids. 

Figure 9 - Localization of the hunts in the study area. 
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habitats in the study area. 

Since the wild boar is an opportunistic omnivore with wide plasticity, easily adaptable 

to different types of ecosystems (Rosell et al. 2001, Santos et al. 2004, Fernández-Llario & 

Mateos-Quesada 2005, Acevedo et al 2006, Herrero et al. 2006, Ballari & Barrios-García 

2013), the overall pertinent land covers were considered taking into account eight general 

categories of habitat classes (Table 5). Thereafter, the total area (in hectares) of each habitat 

class was estimated per buffer (Figure 12). 

Other variables were considered in the characterization of each buffer, representing 

additional structural features of the surrounding habitat. The distance (in meters) between the 

centroid and highways/roads, urban area and hydrography was extracted from individual 

cartography of the highways/roads and hydrographic networks. On the other hand, the 

distance between the centroid and urban area was based in the CLC2006. The highways/roads 

and hydrographic networks were divided by typologies, in which highways are those with 

high traffic density (i.e. highways, primary and complementary itineraries) and roads are 

characterized by low traffic density (i.e. national and municipal roads). The hydrographic 

network was categorized by water courses, water bodies and rivers. Furthermore, the length 

(in meters) of these linear structures was also considered within the buffer. The metrics 

estimates were performed using Arctoolbox (ArcGIS 10.1, ESRI
®

). 
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Table 5 - Description of the codes used by the Corine Land Cover (CLC) and the respective general 

categories of habitat classes considered in this study. 

CLC code Description General categories 

111 Continuous urban area Urban area 

112 Discontinuous urban area Urban area 

121 Industry, trade and general equipment Urban area 

122 Road and rail networks and associated land Urban area 

124 Airports Urban area 

131 Mineral extraction sites Urban area 

133 Construction sites Urban area 

142 Sports equipment and leisure Urban area 

211 Non-irrigated arable land Agricultural area 

212 Permanently irrigated land Agricultural area 

221 Vineyards Agricultural area 

222 Fruit trees and berry plantations Agricultural area 

223 Olive groves Agricultural area 

231 Pastures Agricultural area 

241 Annual crops associated with permanent crops Agricultural area 

242 Complex cultivation patterns Agricultural area 

243 
Land principally occupied by agriculture, with 

significant areas of natural vegetation 
Agricultural area 

244 Agroforestry systems Agricultural area 

311 Broad-leaved forest Broad-leaved forest 

312 Coniferous forest Coniferous forest 

313 Mixed forest Mixed forest 

321 Natural grasslands Shrubland 

322 Shrubland Shrubland 

323 Sclerophyllous vegetation Shrubland 

324 Transitional woodland-shrub Shrubland 

332 Bare rocks Shrubland 

333 Sparsely vegetated areas Shrubland 

334 Burnt areas Burnt area 

511 Water courses Hydrography 

512 Water bodies Hydrography 

 

 

4.4.2. CONCEPTUALIZATION OF THE STOCHASTIC-DYNAMIC MODEL 

To perform the StDM model simulations (Figure 11), two converters with the GLM 

equations were incorporated in the dynamic model to attempt the automatic calculation of the 

relative abundance index of wild boar (WBindex) and the occurrence of positives to 
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leptospirosis (OPL) through the simulation period (Figure 11), in which positive and negative 

influences were mediated by the respective positive and negative partial regression 

coefficients of the selected independent variables (Bastos et al. 2012). Since independent 

variables were previously logarithmic transformed (see section 4.5.2.), only the respective 

logarithms are acceptable in the response calculation of the dependent variables (Figure 11). 

The outputs for the WBindex and OPL were successively estimated based on the 

prevalent habitat areas for each study unit, considering their annual dynamics and climatic 

conditions. The time unit chosen was the year and the simulation period was established for 

30 years. This period was considered suitable to capture the main changes expectable in the 

study area, namely those induced by the landscape dynamics and climatic conditions, in order 

to capture their relevance to explain the occurrence of the wild boar and positives to 

leptospirosis in the study area. 

For the development of the structural StDM model the software STELLA 9.0.3
®
 was 

used. The original conceptual diagram of the overall model and full explanation of processes, 

parameters and equations included in the model construction are available in the Appendix II. 

 

4.4.3. PROJECTION OF THE SPATIAL DYNAMIC SIMULATIONS 

In order to simulate the dynamic trends and to obtain the respective spatial patterns of 

the WBindex and OPL for the whole study area, an UTM grid of 5Km cells (i.e. study units), 

compatible to the home range selected for the wild boar (i.e. 4.88km of diameter) (see section 

4.4.1.) was superimposed to the study area. To create the spatial dynamic projections at the 

study area level, every UTM 5Km cells was characterized according to the known initial 

categories of habitat classes (Table 5), based in the CLC2006 to the region (PEA 2012), and 

incorporated into the dynamic model in order to initiate the dynamic estimations of the 

WBindex and OPL throughout the simulation period. Since the dynamic model simulations 

integrate stochastic influences associated to fire events, 100 independent simulations were 

carried out for each study unit in order to obtain possible representative habitat trends. 

The spatial representation of multiple StDM simulations enabled us to create 

geographical time-based projections of the WBindex and OPL for the whole study area. Since 

the dynamic projections neglect spatial relationships among individual study units, a simple 

kriging GIS interpolation method (Cressie 1990, Sherman 2011) was applied to project and 
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integrate those attributes for the entire study area (regional scale) (Zhang & Murayama 2011). 

This procedure included the adjustment of the semivariogram by a sensitivity analysis of the 

most relevant model parameters (i.e. nugget, partial sill, lag size and anisotropy) (Dormann 

2011). In order to analyze the spatial dynamic patterns of the WBindex and OPL the time 

frame selected corresponds to the year 2011 (i.e. t 5 of the dynamic simulations), since the 

majority of the hunts were performed in this year. All procedures were performed using 

Arctoolbox (ArcGIS 10.1, ESRI
®

). 
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Figure 11 - The spatially explicit StDM framework for the WBindex and OPL forecasting: (a) the previous analyses of land cover dynamics within each buffer of the hunts selected in the study area; (b) the 

statistical analysis to define the convenient parameters that contextualize the physical and habitat descriptors at the study unit level; (c) the construction and simulations of the structural dynamic and 

stochastic dynamic model (StDM) at the study unit level; (d) study units at study area level; (e) the final geostatistical interpolation that create an interactive and integrative picture, in space and time, at the 

regional level to WBindex; (f) the final geostatistical interpolation that create an interactive and integrative picture, in space and time, at the regional level to OPL. 
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4.5. STATISTICAL DATA ANALYSIS  

4.5.1. MICROSCOPIC AGGLUTINATION TEST (MAT) 

All variables were compared by χ
2
-tests (Likelihood ratio or Pearson) or Fisher's exact 

test. The selection of the test was performed according to the sample size and the expected χ
2 

values. Fisher exact test was used when n<20 or an expected cell value was less than 5. 

Whenever the P value is less than 0.05, significant statistically differences between groups of 

samples were considerd. Concerning the Fisher's exact test, the choice of one of the three P-

values generated by test output was done according to the kind of association observed 

between independent variables. That is, negative association when the observations tend to lie 

in upper left and positive association in the lower right, 2-Tail when there is no prior 

alternative. 

Risk factors for the presence of anti-Leptospira antibodies were assessed by nominal 

logistic regression analysis. The strength of association between seropositivity and other 

variables was estimated by calculation of odds ratio (OR), and OR with a lower 95% CI 

greater than 1 was taken to indicate a significant association at the 5% level. Geometrical 

mean titres (GMT) were calculated for MAT results. All statistical tests were performed using 

JMP
®
 Version 9.0.1 (Academic) SAS Institute Inc., U.S.A. for Macintosh. 

 

4.5.2. SPATIALLY EXPLICIT StDM FRAMEWORK 

The StDM model construction was preceded by a multiple regression statistical 

procedure for parameter estimation, to test for relationship between dependent and 

independent variables (Santos & Cabral 2004), in which the dependent variables are 

represented by the relative abundance index of wild boar (WBindex) and the occurrence of 

positives to leptospirosis (OPL) (Table 6). To increase data robustness concerning the 

prediction of the relative abundance index of wild boar, the characterization of 19 additional 

hunting bags were also included for landscape analysis (see section 4.4.1.) (Figure 12). 

 

The WBindex, expressed in a decimal scale, was obtained by using the following 

equation: 

(A/(B+C))*10  
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where: 

A is the dead wild boars density (number of dead wild boars/hunting bag area expressed 

in hectares); 

B is the hunters’ density (number of hunters/hunting bag area expressed in hectares); 

C is the hounds’ density (number of dogs/hunting bag area expressed in hectares).  

The occurrence of positives to leptospirosis (OPL) was expressed in percentage and was 

based in the universe of wild boars killed and sampled for leptospirosis diagnosis: 

(A/B)*100 

where: 

A is the number of positive wild boars; 

B is the number of the total sampled wild boars. 

 

 

 

 

 

 

 

 

 

 

 

The independent variables are expressed in hectares representing the area occupied by 

each habitat class and in length (meters) of the linear structural features considered in the 

previous analysis of landscape (see section 4.4.1.) (Table 6). Furthermore, regional climatic 

variables were also included (e.g. precipitation in millimetres and temperature in ºC), in order 

to test correlations with the presence of the leptospires in the environment (Table 6). 

Although the normal distribution of the dependent variables was confirmed (Kolmogorov-

Figure 12 - Characterization of the land covers within each buffer of the 

hunting bags considered in this study. 
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Smirnov test), the lack of normality distribution of the independent variables was not solved 

by any transformation. Therefore, the linearity and the homoscedasticity of the residuals were 

achieved by using logarithmic transformations (X’ = log[X + 1]) of the independent variables 

(Sokal & Rohlf 1995). 

In order to avoid multicolinearity, the selected 17 predictors (Table 6) for the WBindex 

and OPL were tested for pairwise correlation using Spearman’s rho correlation coefficient and 

only predictors with correlation lower than 0.7 (Elith et al. 2006, Wisz & Guisan 2009) and 

Generalized Variance Inflation Factor lower than 5 were considered (Neter et al. 1996). 

 

Table 6 - Description of the dependent and independent variables considered in this study and 

respective unit and model codes. 

Dependent variable Unit Model codes 

Relative abundance index of wild 

boar (WBindex) 
proportion 

Relative abundance index of 

WB 

Occurrence of positives to 

leptospirosis (OPL) 
percentage 

Occurrence of positives to 

Lepto 

Independent variable Unit Model codes 

Urban area hectares URB ha 

Agricultural area hectares AGRIC ha 

Broad-leaved forest hectares BRO ha 

Coniferous forest hectares CON ha 

Mixed forest hectares MIX ha 

Shrubland hectares SHR ha 

Burnt area hectares burnt area ha 

Hydrography hectares HIDOG ha 

Urban area meters urb dist 

Highways meters highways dist 

Roads meters roads dist 

Water courses meters water courses dist 

Water bodies meters water bodies dist 

Rivers meters rivers dist 

Hydrographic network meters hidog dist 

Precipitation millimetres prec 

Temperature ºC temp 

 

A particular implementation of the Akaike information criterion was used for small 

sample sizes (AIC, Shono 2000), as recommended when the ratio between n (the number of 
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observations used to fit the model) and K (the number of parameters in the largest model) is 

less than 40 (Shono 2000, Burnham & Anderson 2002). To overcome dependence on sample 

size and allow comparability among models, the AIC (AIC = 2k-2ln (L)) (Pan 2001) was 

calculated for each candidate model to rank the candidate models (Burnham & Anderson 

2002).  

The Generalized Linear Models were run (with a Normal variance distribution and link 

function identity) with all (valid) combinations of environmental predictors for the relative 

abundance index of wild boar and occurrence of positives to leptospirosis. The best model 

was selected according to the lower value of AIC and was incorporated in the StDM. The 

statistical analysis was carried out using the statistical analysis software GenStat 13.0
®
. 
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5. RESULTS AND DISCUSSION 

During the 2011/2012 and the 2012/2013 hunting seasons, samples from hunted wild 

boars were collected in twenty-seven hunts (n=27), of which fourteen were located in the 

district of Bragança (n=14) and thirteen in the district of Vila Real (n=13) (Figure 9). 

 

5.1. SAMPLED WILD BOARS 

Blood samples were collected from one hundred and one wild boars (n=101) in a 

universe of one hundred and fifteen animals analysed (N=115). Some animals had already 

bled out (n=14) before the arrival at the collection point, thus not being possible to collect 

blood from these animals. In total, 56 wild boars were shot in the district of Bragança and 45 

in the district of Vila Real (Table 7). Of these, 33 were males and 68 were females, of which 

20 females were pregnant. According to age distribution, 28 juveniles, 34 subadults and 39 

adults were identified (Table 7). 

 

Table 7 - Descriptive data from wild boars hunted in the Trás-os-Montes region by gender (male 

(♂)/female (♀)), age (juveniles, subadults, adults) and district (Bragança/Vila Real). 

 Gender Age 

District 
♂♂ 

n (%) 

♀♀ 

n (%) 

Juveniles 

n (%) 

Subadults 

n (%) 

Adults 

n (%) 

Bragança 17(51.5) 39(57.3) 10(35.7) 23(67.6) 23(59.0) 

Vila Real 16(48.5) 29(42.7) 18(64.3) 11(32.4) 16(41.0) 

Total 33 68 28 34 39 

 

5.2. THE MICROSCOPIC AGGLUTINATION TEST (MAT) 

Serologic examinations revealed evidence of leptospiral infection in hunted wild boars 

from Trás-os-Montes region. Of the 101 serum samples tested by MAT, 54.5% (55/101) 

showed anti-Leptospira interrogans s.l. antibodies (Table 8) at a titre of 1:50 or higher 

(Table 9). This result indicates evidence of past or present infection by leptospires. 
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Table 8 - Seropositivity rates of leptospiral infection (cut-off 1:50) of hunted wild boars in the Trás-

os-Montes region, tested by MAT. 

Variables Microscopic agglutination test (MAT) 

 Tested (n) Positives Seropositivity (%) 

Gender    

Males 33 20 60.6 

Females 68 35 51.5 

Total 101 55 54.5 

Age    

Juveniles 28 13 46.4 

Subadults 34 22 64.7 

Adults 39 20 51.3 

Total 101 55 54.5 

District    

Bragança 56 38 67.9 

Vila Real 45 17 37.8 

Total 101 55 54.5 

 

The seropositivity rate obtained is higher than the obtained in other studies in Europe, 

such as Spain (11.5%, 14.4%) (Vicente et al. 2002, Espí et al. 2010), Italy (6.0%) (Ebani et 

al. 2003), Croatia (26.0%, 35.0%) (Cvetnic et al. 2003, Slavica et al. 2008), Czech Republic 

(16.9%) (Treml et al. 2003), Sweden (3.1%) (Boqvist et al. 2012) and Slovenia (45.8%) 

(Vengust et al. 2008) (Table 2). One possible explanation for so higher occurrence rates of 

antibodies is potentially related with wild boar feeding habits, because their nasopharyngeal 

mucosae frequently come into contact with soil, possibly contaminated with leptospires 

(Singer et al. 1981, Boitani et al. 1994, Keuling et al. 2008, Koizumi et al. 2009, Andersson 

2010, Colino-Rabanal et al. 2012). 

The higher seropositivity observed reveals the importance of leptospiral infection in 

wild boars of the Trás-os-Montes region. Several studies have been carried out in Portugal to 

increase the epidemiological knowledge of leptospirosis in humans (Luisa-Viera et al. 2006, 

Gonçalves 2009), domestic (Rocha 1998, 2004, Paiva-Cardoso 2009) and wild animals 

(Collares-Pereira et al. 1997, Collares-Pereira et al. 2000a, Collares-Pereira et al. 2000b, 

Gonçalves 2009, Paiva-Cardoso et al. 2013). All authors reported the presence of antibodies 

to several serovars with seropositivity rates ranging from 3.3% (Rocha 1998) to 89.8% 

(Gonçalves 2009). 
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The serological titres observed ranged from 50 to 1,600 (Table 9), the most frequent 

value (mode) was 50 (Table 9) and the geometrical mean titre (GMT), considering all the 

samples, was approximately 103 (Table 10). This finding is consistent with other serosurvey 

studies in which low titres were frequently observed (Ebani et al. 2003, Treml et al. 2003, 

Vengust et al. 2008, Paiva-Cardoso 2009, Espí et al. 2010, Fornazari et al. 2011). 

 

Table 9 - Frequency of titres observed in the MAT from wild boar sera collected in the Trás-os-

Montes region. 

Frequency of titres observed in MAT 

Titre n % 

50 55 42.64 

100 34 26.36 

200 24 18.60 

400 12 9.30 

800 3 2.33 

1600 1 0.78 

Total 129 100 

 

The GMT was obtained by using the following equation (Table 10): 

(A*(B/C))=103.28 

where: 

A is the antilog10 

B is the (Ʃ Log10.n) 

C is the total number of seroreactivities (n). 

 

Table 10 - Geometrical mean titre (GMT) calculation for seropositive data obtained by MAT in wild 

boars of Trás-os-Montes region. 

Titre n Log10 Log10.n 

50 55 1.70 93.44 

100 34 2.00 68.00 

200 24 2.30 55.22 

400 12 2.60 31.22 

800 3 2.90 8.71 

1600 1 3.20 3.20 

 129  259.81 
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The presumed serogroup determination was done by taking into consideration the 

serogroup of the strain that presented the highest MAT titre, because multiple and cross-

reactions are very frequent. 

Antibodies against Tarassovi (41.8%), Autumnalis (14.6%) and Australis (12.7%) were 

the most frequently detected (Table 11). Pomona and Icterohaemorrhagiae serogroups 

showed a serological prevalence rate of 9.09%. Ballum serogroup showed a serological 

prevalence rate of 5.5%. Sejroe, Bataviae, Canicola and Grippotyphosa serogroups showed a 

serological prevalence rate of 1.8% (Table 11). Contrarily to another studies (Cvetnic et al. 

2003, Treml et al. 2003, Vengust et al. 2008), the antibody titre in the majority of wild boars 

sampled was 1:50, with only a few of them with an antibody titre of 1:200 or more (Table 

11). These results suggests a general susceptibility of the wild boar to infection by leptospires, 

being the occurrence strongly dependent with the frequency of contact with reservoir animals 

or the contaminated environment (Treml et al. 2003). 

 

Table 11 - Results of seroreactivity (cut-off 1:50) by presumed serogroup of sera samples from wild 

boars in the Trás-os-Montes region. 

 Presumed Serogroup n % Titres 

Negatives  46 45.5  

Positives  55 54.5  

 Tarassovi 23 41.8 50 to 400 

 Autumnalis 8 14.6 50 to 800 

 Australis 7 12.7 400 to 1600 

 Pomona 5 9.1 50 

 Icterohaemorrhagiae 5 9.1 50 to 200 

 Ballum 3 5.5 50 

 Sejroe 1 1.8 50 

 Bataviae 1 1.8 50 

 Canicola 1 1.8 50 

 Grippotyphosa 1 1.8 50 

 

Pigs are the main reservoir for some strains of serogroup Tarassovi in Eastern Europe 

and Australia (Little 1986, Rocha 1998, Ellis 2006), where infection is endemic in wild 

populations (Inzana & Dawe 1979, Rocha 1998, Ellis 2006). Only in Croatia (Slavica et al. 

2008) and Slovenia (Vengust et al. 2008) titres to Tarassovi were identified in wild boars 

populations. In Croatia, high titres to Tarassovi also were detected in red foxes (Vulpes 

vulpes) (Slavica et al. 2011). This fact underlines the importance and the need to know about 
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their maintenance host in order to better understand the epidemiological cycle of Tarassovi in 

wild species. 

Little information is available concerning Autumnalis serogroup hosts. However, 

rodents (Thiermann 1982, Doungchawee et al. 2005) sheep (Silva et al. 2007) and pigs 

(Inzana & Dawe 1979, Ellis et al. 1983) are known reservoirs. The occurrence of 

seroreactions to Autumnalis in wild boars was detected in Spain (Espí et al. 2010) and Brazil 

(Fornazari et al. 2011). 

The hosts and importance of serogroup Australis in Europe was described for the first 

time by Hathaway et al. (1975) (Hathaway et al. 1983a), however some epidemiology 

features are poorly understood. Australis strains are maintained by pigs (Ellis et al. 1983, 

1991, Hathaway et al. 1983b, Burriel et al. 2003), dogs (Weeks et al. 1997), horses (Rocha 

2004), small mammals (Wolff & Bohlander 1965, Kiktenko 1985, Cvetnic et al. 2002, 

Doungchawee et al. 2005) and wild species (Milas et al. 2002, 2006, Turk et al. 2003, Slavica 

et al. 2008, Millan et al., 2009). The presence of antibodies to Australis serogroup in wild 

boars has been described in Croatia (Cvetnic et al. 2003, Slavica et al. 2011) and Slovenia 

(Treml et al. 2003). 

The results of the present study confirm the presence of antibodies against 15 

pathogenic serovars of 14 serogroups of Leptospira interrogans s.l. (Table 3 and Table 11). 

Only sv. Wolffi (Sejroe serogroup) did not show serological reactivity. 

These results support that these animals may be susceptible to infection with numerous 

pathogenic serovars (Treml et al. 2003, Vengust et al. 2008). The seroreactivity to several 

different serovars in wild boar population of the Trás-os-Montes region does not mean that 

the wild boars had experienced clinical disease or that they are reservoirs of leptospires, but 

that they were exposed to leptospires sometime in the past. However, from a public health 

perspective, the results indicated that wild boar could represent one of the potential sources of 

leptospirosis for humans and wild species. 

Several studies reported serological reactivities against different serovars in wild boars 

populations worldwide. Vengust et al. (2008) reported seroreactions to 11 serovars, being sv. 

Tarassovi the most reactive one (24.5%) in Slovenia. In Spain, Espí et al. (2010) detected 

agglutinins to 9 different serovars, with high seroreactivity to Pomona (5.2%). In two 

separated studies carried out in Croatia (Cvetnic et al. 2003, Slavica et al. 2008), the most 

reactive serovars were Pomona (47.5%) and Australis (21.4%), respectively. Fornazari et al. 
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(2011) reported seroreactions to 8 serovars, being Hardjo the most reactive (46.0%) in Brazil. 

Ebani et al. (2003) detected the presence of antibodies against two different serovars in Italy, 

with Bratislava prevailing (5.2%). Treml et al. (2003) reported only the sero-ocurrence of 

agglutinins to Grippotyphosa (51.9%) in Czech Republic (Table 2). 

Serological reactivities observed to Leptospira strains (cut-off 1:50) were analysed by 

variables such as gender (male and female), age (juveniles, subadults and adults) and district 

(Bragança and Vila Real) (Table 12). After a preliminary statistical data analysis differences 

between age classes were not identified, thus age data was subsequently set and analysed into 

two age classes, juveniles and subadults with the adults (sub+adults).  

Subadults and adults (sub+adults) had a higher prevalence of antibodies than juveniles 

(60.81% and 37.04%, respectively), with significant statistical differences between the two 

groups (P=0.0337) (Table 12). Logistic regression analysis showed that variable age is 

significantly associated with leptospiral antibody status (OR=2.64; CI=1.07-6.49) (Table 12). 

Thus, age seems to be a risk factor to the presence of antibodies against Leptospira in wild 

boar population of the Trás-os-Montes region. In Czech Republic, Treml et al. (2003) also 

observed considerable differences in the antibody rates between adults (35.70%) and juveniles 

(7.80%). 

 

Table 12 - Results of statistical analysis for seropositive samples (cut-off 1:50), values of Chi-square 

(1d.f.), P, Odds ratio and 95% confidence interval, concerning gender (male/female), age 

(juveniles/subadults and adults) and district (Bragança/Vila Real), concerning wild boar population of 

Trás-os-Montes region. 

Risk factor 
Chi-Square 

(χ2) 

P value 

(P) 

Odds ratio 

(OR) 

Confidence Interval 

(CI) 

Gender (Male/female) χ2=0.748 P=0.3872 - - 

Age 

(Juveniles/subadults 

and adults) 

χ2=4.508 P=0.0337 OR=2.64 CI=1.07-6.49 

District (Bragança/Vila 

Real) 
χ2=9.102 P=0.0026 OR=3.48 CI=1.54-7.84 

 

Although no significant statistical differences (P>0.05) were found regarding gender. 

However, males showed a higher seropositivity rate (60.6%) than females (51.5%) (Table 

12). These results are in agreement with Mason et al. (1998), Treml et al. (2003) and Vengust 

et al. (2008).  
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Considering the district of origin, the results showed a higher seropositivity rate for wild 

boars from Bragança district than those from Vila Real (67.9% and 37.8%, respectively), and 

these differences were statistically significant (P<0.0026). The variable district seems to be a 

risk factor for Leptospira antibodies presence in wild boars from the Trás-os-Montes region 

(OR=3.48; CI=1.54-7.84) (Table 12). 

 

5.3. MOLECULAR ANALYSIS 

Leptospiral DNA was amplified in three kidney samples (3/43) by the selected primers 

LipL32F and LipL32R, and yielded a PCR product of 423bp. The internal control DNA 

confirmed the reliability of the PCR assay (Lane 8) (Figure 13). All positive kidneys (Lane 1, 

2 and 3) were collected in the Bragança district, the wild boar J19 was a adult male, and J59 

and J96 were females, the first being an subadult and the last a juvenile. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The primers chosen for amplification of lig genes (Palaniappan et al. 2005) could 

differentiate pathogenic from non-pathogenic strains because these genes are absent in non-

Figure 13 - PCR amplification of lipL32 gene from kidney samples of wild boars. 

Lane 1, J19; Lane 2, J59; Lane 3, J96; Lane 4, J16; Lane 5, J45; Lane 6, J94; Lane 7, 

J111; Lane 8, positive sample amplified from a rodent (Rattus norvegicus, Rim 144) 

captured in the Trás-os-Montes region (Paiva-Cardoso 2009); Lane 9, negative 

control; Lane 10, pure water; Lane M, 100bp DNA ladder. 
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pathogenic (Matsunaga et al. 2003, Picardeau et al. 2008, Cerqueira et al. 2009). Although, 

the selected primers Lig1 and Lig2 only amplified leptospiral DNA in one kidney sample 

(1/43), with a PCR product of 468bp, and the internal control (Lane 8) was not amplified (i.e. 

L. borgpetersenii sv. Ballum) (Figure 14). Palaniappan et al. (2005) shown that these primers 

amplified the following 16 serovars of two pathogenic strains, L. interrogans sv. Pomona, sv. 

Hardjo, sv. Copenhageni, sv. Grippotyphosa, sv. Canicola, sv. Wolffi, sv. Autumnalis, sv. 

Bataviae, sv. Australis, sv. Pyrogenes, sv. Bratislava, sv. Icterohaemorrhagiae and sv. 

Tarassovi; L. borgpetersenii sv. Hardjobovis (A), sv. Hardjobovis (FDAH) and sv. 

Hardjoprajitno, but apparently they do not amplify the sv. Ballum (Lane 8) (Figure 14). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14 - PCR amplification of lig gene from kidney samples of wild 

boars. Lane 1, J19; Lane 2, J59; Lane 3, J96; Lane 4, J45; Lane 5, J84; 

Lane 6, J87; Lane 7, J94; Lane 8, positive sample amplified from a 

rodent (Rattus norvegicus, Rim 144) captured in the Trás-os-Montes 

region (Paiva-Cardoso 2009); Lane 9, negative control; Lane 10, pure 

water; Lane M, 100bp DNA ladder. 
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Comparatively to the selected primers LipL32F and LipL32R, the primers Lig1 and 

Lig2 only have amplified leptospiral DNA in one (Lane 3) of the three positive kidney 

samples (Lane 1, 2 and 3), and do not amplifying also the internal control (Lane 8) (Figure 

14). These results show that lig primers are inadequate for diagnostic purposes in clinical and 

epidemiological perspective, because they are unable to detect DNA from L. borgpetersenii 

serovar Ballum strain that was used as internal control, and also ineffective to detect 

leptospiral DNA present in the other two kidneys samples, probably because the infective 

serovar corresponds to another strain different from the tested by Palaniappan et al. (2005). 

The primers LipL32F and LipL32R proved to be the best to detect the presence of 

leptospiral DNA in the kidney samples of wild boars from the Trás-os-Montes region. 

According to several authors (Branger et al. 2005, Chaemchuen et al. 2011) LipL32 protein is 

highly conserved among pathogenic strains and absent in non-pathogenic, and it is expressed 

at high levels during an infection, which appears to be an important virulence factor (Haake et 

al. 2000). Due to its high sensitivity, specificity and speed of amplification (Faine 1982, 

Branger et al. 2005), the PCR assay has been shown to be extremely useful for detecting 

leptospiral DNA in kidney samples and consequently to the diagnosis and epidemiological 

survey of leptospirosis in wild boars from Trás-os-Montes region. However, a limitation of 

PCR assays in the diagnosis of this zoonotic disease is the inability to identify the infecting 

serovar, which require isolation of the infecting strain from animals (Levett 2004). 

Despite the overall researches about the seroprevalence of anti-Leptospira antibodies in 

wild boars, is the first time that leptospiral DNA is detected in kidneys of European wild 

boars. These results reinforce the previously known suspicion that the wild boar is a potential 

reservoir host for some Leptospira serovars (Treml et al. 2003, Slavica et al. 2008, Vengust et 

al. 2008). High density populations of wild boars is some areas, implying high probabilities of 

contact with humans and domestic animals (Ebani et al. 2003, Keuling et al. 2008, Boadella 

et al. 2012, Wu et al., 2012). 

This study results indicate that wild boar can represent one of the potential sources of 

leptospirosis for human’s and especially for hunters and hunting dog´s during the hunting 

practice (through direct contact with the tissue, blood or urine) (Mason et al. 1998). 
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5.4. SPATIALLY EXPLICITY StDM FRAMEWORK 

5.4.1. STATISTICAL OUTPUTS 

After the best model selection, the WBindex was found to be positively related with 

highways distance and negatively related with coniferous forest area, water courses distance 

and water bodies distance (Table 13 and Table 14). The OPL was found to be positively 

related with water courses distance, shrubland area, temperature, burnt area and broad-leafed 

forest area (Table 13 and Table 14). 
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Table 13 - The regression equations for the dependent variables WBindex and OPL, degrees of freedom (DF), Akaike information criterion (AIC), coefficient 

of determination (R
2
 adjusted) and F-value and its significance level F (P). 

Equation DF AIC R
2 
adjusted F (P) 

WBindex = 0.549 - 0.0758*log_CON + 0.2108*log_highways - 

0.2237*log_water_courses - 0.0918*log_water_bodies 
45 45.649 31.84 6.25 (p<0.001) 

OPL = -542.00 + 352.50*log_temp + 24.60*log_SHR + 29.20*log_water_courses + 

16.88*log_burnt + 27.86*log_BRO 
23 26.669 42.22 4.51 (p<0.01) 

 

 

Table 14 - Description of the key variables considered in this study. 

Variables Specification Model codes 

Highways distance Distance to the nearest highways in meters highways dist 

Water courses distance Distance to the nearest water course in meters water courses dist 

Water bodies distance Distance to the nearest water body in meters water bodies dist 

Coniferous forest area Total cover of coniferous forest in hectares CON ha 

Broad-leafed forest area Total cover of broad-leafed forest in hectares BRO ha 

Shrubland area Total cover of shrubland in hectares SHR ha 

Temperature ºC temp 

Burnt area Total cover of burnt area in hectares burnt area ha 
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5.4.2. CONCEPTUALIZATION OF THE STDM MODEL 

The StDM conceptual model presented in Figure 15 is based on the relationships 

detected in the previous statistical procedures, supported by datasets that include the regional 

gradients of the studied habitat classes and additional landscape metrics. In a holistic 

perspective, the partial regression coefficients represent the global influence of the selected 

habitat variables that are representative of several complex ecological processes in each study 

unit. Yet, they were not included explicitly in the model, but were related to the relative 

abundance index of wild boar (WBindex) and the occurrence of positives to leptospirosis 

(OPL) (see Appendix II, “StDM converters”). These led the interface between the dynamic 

model construction and the StDM outputs (Santos & Cabral 2004). 

 

5.4.2.1 StDM converter 

Taking into account the previous statistical analysis requirements (as explained in the 

Methodology section), a logarithmic transformation of the independent state variables related 

with the land cover dynamics (highways dist; water courses dist; water bodies dist; temp; 

CON ha; SHR ha; BRO ha; burnt area ha) was performed (log highways; log water courses; 

log water bodies; log temp; log CON; log SHR; log BRO; log burnt) (see section 4.5.2. and 

see Appendix II, “Associated variables”). Therefore, the calculation of the Relative 

abundance index of WB and the Occurrence of positives to Lepto was mediated by the 

respective positive and negative partial regression coefficients of the selected logarithmic 

independent variables (Table 13) (Figure 15b and Figure 15c). In order to limit the OPL in a 

representative range, expressed in occurrence probability, the respective simulated values 

were limited between 0% and 100% (Occurrence of positives %) (Figure 15c). 

 

5.4.2.2 Land cover dynamics 

To recreate the ecological succession of land covers in the study area, five state 

variables was considered as representative land covers present at the study unit level (burnt 

area ha; MIX ha; SHR ha; CON ha; BRO ha, (see Appendix II, “Difference equations”) and 

included in the dynamic model (Figure 15a). For this, the succession between land covers 

was recreated by transition flows (SHR succession; MIX regen; CON regen; BRO regen), 
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mediated by rates (annual regen shr; annual regen mix; annual regen con; annual regen bro) 

that consider the number of years (time max shr regen; time max mix regen; time max con 

regen; time max bro regen) needed by each considered land cover to reach the climax (max 

shr regen %; max mix regen %; max con regen %; max bro regen %) (see Appendix II, 

“Process equations”, “Associated variables” and “Constants”). This is the case of the five 

years considered for the shrubland post-fire regeneration (Moreira et al. 2003), the 25 years 

considered to convert shrublands in coniferous forests (ICNF 2013b) and the 30 years 

considered to convert shrublands in broad-leafed and mixed forests (ICNF 2013b). In this 

perspective, two main steps of ecological succession were considered: (a) burnt areas (burnt 

area ha) were recreated to transit (SHR succession) in its totality into shrublands (SHR ha) 

after the fire occurrence; (b) shrublands (SHR ha) were established to regenerate in mixed 

forest (MIX ha), coniferous forest (CON ha) and/or broad-leafed stands (BRO ha), according 

to the proportion of the initial existent land covers in each study unit (MIX regen; CON regen; 

BRO regen). This assumption confers realism to the simulated processes since the land cover 

dynamics takes into account the prevailing characteristics of each particular study unit. 

Since fires are typical and recurrent events in the region (Fernandes 2009, Moreira et al. 

2001, Carmo et al. 2011, Moreira et al. 2011), their occurrence (MIX fire; CON fire; SHR fire; 

BRO fire) was generated according to a realistic random probability given by the stochastic 

variables timing fire and fire probability (see Appendix II, “Process equations”, “Random 

variables” and “Constants”). When these variables are coincident, a fire is generated and the 

intensity of the effects on land covers present in each study unit is determined by the 

respective combustibility rates (burnt area MIX %; burnt area CON %; burnt area SHR %; 

burnt area BRO %) (see Appendix II, “Random variables”). The rates of combustibility 

considered for each land cover were based in Moreira et al. (2010), ranging between 0 (i.e. 

when the coverage area of a given land cover is likely to burn below its total availability) and 

1 (i.e. when the coverage area of a given land cover is likely to burn up its total availability). 

In fact, this coefficient can be greater than 1, meaning that the cover has the probability to 

burn in a larger proportion compared to its availability (Moreira et al. 2010). However, to this 

study, the rates of combustibility for each land cover were relativized and standardized to 

varying between 0 and 1. Also more, since the fire vulnerability of each land cover depends 

on the landscape matrix in which it is inserted (e.g. bioclimatic regions) (Moreira et al. 2010), 

where the prevailing vegetation patterns determine variation in the coefficients of fire 
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intensity, different combustibility rates were used for the considered districts (e.g. burnt area 

CON % Vila Real = 0.388 versus burnt area CON % Bragança = 0.410). Therefore, the fire 

intensity influence each land cover (MIX ha; CON ha; BRO ha) as outflows, in terms of area 

losses considering the respective combustibility rate, reverting thereafter as inflows (BRO 

fire; MIX fire; CON fire; SHR fire) to burnt area (burnt area ha) (see Appendix II, “Process 

equations”, “Difference equations”). 

In order to verify the representativeness of the fire events simulated, expressed in the 

random number of fire events per 30 year per simulation, a set of variables (fire occurrence; 

nr of fires occurrences) (see Appendix II, “Difference equations”) were included in the 

dynamic model to allow the monitoring of the total number of fires occurrences per 

simulation. The average number of fire occurrences obtained per study unit in 30 years of 

simulation, according to 50 simulations (255/50), was 5 fire events (5.10), which is 

considered a reliable value taking into account the reality of the region. 

Additionally, the model is able to recreate scenarios related with the reconversion of 

shrubland in agricultural fields, including the agricultural abandonment (shr reconv option; 

agric aband option) (see Appendix II, “Constants”). For this, a state variable concerning 

agricultural area (AGRIC ha) was included, in which reconversion (shr reconv) from 

shrubland (SHR ha) is given by an annual rate (annual shr reconv) that consider the annual 

timing (time max annual shr reconv) to convert a shrubland in agricultural fields (AGRIC ha). 

On the other hand, the abandonment (agric aband) was assumed by the transition of 

agricultural area (AGRIC ha) into shrubland area (SHR ha), according to the number of years 

(annual agric aband) that recreates the natural succession inherent to the abandonment of an 

agricultural area in the study region (Azevedo et al. 2011) (time max annual agric aband). 

Moreover, the total area of forest present in each study unit was monitored through the 

variable total forest area. 
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Figure 15 - Conceptual diagram of the StDM model used to estimate the WBindex and the OPL in the Trás-os-Montes region: 

(a) the overall land cover dynamics, (b) the WBindex forecasting, and (c) the OPL forecasting. 

Land cover dynamics 

a 

StDM converter for WBindex 

b 

StDM converter for OPL 
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5.4.3. SPATIAL PROJECTIONS OF THE DYNAMIC SIMULATIONS 

Assuming the land cover dynamics and other landscape metrics as the key drivers of 

WBindex and OPL, 100 simulations were performed for each study unit in order to calculate 

the respective average value. To attempt this, the spatial dynamic projections at the study area 

level, to the year 2011 (i.e. t 5 of the dynamic simulations), were represented assuming the 

initial land cover categories, allowing the dynamic model to project the natural trends of 

WBindex and OPL facing possible environmental changes. Overall, the simulation 

performance of the WBindex and OPL seems to ensure some realism in capturing their 

dynamic patterns (Figure 16a and Figure 16b) as discussed bellow. 

 

 

5.4.3.1 WBindex 

Despite the wild boar populations increasing in the Iberian Peninsula (Rosell et al. 

2001, Acevedo et al. 2006, Bosch et al. 2012), due to the difficulty in obtaining field data 

through the lack of visual contact with the species in the field, few studies about population 

dynamics are available in Portugal (Mónzon & Bento 2004, Fonseca et al. 2004, Santos et al. 

2004). However, several authors suggest the use of hunting statistics to indirectly estimate 

populations (Sáez-Royuela & Tellería 1986, Spitz & Janeau 1995, Bosch et al. 2012). To the 

hunting season of 2000/2001, 8,254 wild boars were hunted in Portugal (Fonseca et al. 2004), 

and the official data concerning the game hunting activity (data supplied by ICNF) for the 

hunting season of 2011/2012 pointed to 18,725 hunted wild boars, of which 175 were from 

a b 

Figure 16 - Spatial dynamic projections at the study area level in the year of 2011: (a) the WBindex 

distribution and index values variation, and (b) the OPL distribution and the presence of differences 

between the occurrence probability. 
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the Trás-os-Montes region. These values reinforce the evidence of the observed increasing 

trends for the Portuguese wild boar populations. 

The spatial projections of the WBindex depicts a pattern compatible with the behaviour 

and wide plasticity of these animals based on large home ranges and longer distance 

movements (e.g. from 72 to 250km, Boitani et al. 1994) (Singer et al. 1981, Rosell et al. 

2001, Santos et al. 2004, Fernández-Llario & Mateos-Quesada 2005, Acevedo et al. 2006, 

Herrero et al. 2006). In fact, the wild boar high dispersal patterns depend on season, food 

availability, population density and hunting pressure (Singer et al. 1981, Boitani et al. 1994). 

As a generalist omnivore, though it relies on a vegetable diet more than an animal one, 

the wild boar can feed on a wide variety of feeding habitats (Fernández-Llario et al. 2003), 

such as oak woods, agricultural fields (Sáenz de Buruaga 1995, Herrero et al. 2006), 

plantations of maize and conifers, and shrublands (Herrero et al. 2006, Schley et al. 2008, 

Bosch et al. 2012). To the wild boar, the forest area provides high food availability and 

bedding sites with high protective cover (Fernández-Llario 2004). Since the WBindex was 

negatively related with pure coniferous forest, a decline in the projections was expected in 

these areas. To understand the spatial pattern, a set of land covers were analysed to explain 

the obtained spatial pattern. Lower index values of WBindex were obtained to Vila Real 

comparatively to Bragança, and their values were concentrated mostly in the classes 0 and 

0.25 (Figure 17). When superimposed with land covers, the coniferous forest dominance can 

explain this pattern (Figure 17), by reflecting lower ecological value for wild boars in terms 

of food resources availability and protective cover, that probably condition the presence of the 

species (Acevedo et al. 2006, Belda et al. 2011).  

The distance to highways, water courses and water bodies were also relevant to explain 

the relative abundance of wild boars, with a positive correlation between WBindex values and 

the distances from highways, and a negative correlation with the distance to water courses and 

water bodies (Figure 18). The highways represent a threat since they can cause a high level of 

mortality on wildlife populations (Ferreras et al. 1992, Madsen et al. 2002) (Figure 18). Two 

independently studies carried out in Spain (Salamanca and Galicia) revealed that high rate 

mortality of wild boars was recorded during the hunting season (Peris et al. 2005, Lagos et al. 

2012), the wild ungulate species more frequently killed with 3.928 (62.80%) and 190 (33.5%) 

of the total road collision fatalities, respectively. The riparian areas (Figure 18) are not 

important foraging habitats for wild boars, since these areas provide refuge sites adjacent to 
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an enormous agroecosystem that provides a foraging area containing unlimited food resources 

(Acevedo et al. 2006, Herrero et al. 2006). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17 - Spatial dynamic projections concerning trends of the WBindex 

and the coniferous forest distribution. 

Figure 18 - Spatial dynamic projections concerning trends of the WBindex 

considering the presence of highways, water courses and hydrography. 
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5.4.3.2 OPL 

Despite the clear benefits of forecasting the spread of leptospirosis, the appropriate 

modelling effort to mitigate the lack of understanding on its dynamics has not been made 

(Holt et al. 2006, Triampo et al. 2007, Codeço et al. 2008). Therefore, the proposed 

framework (Figure 11) seems to represent a starting point providing some clues to explain the 

spatial pattern simulated for OPL in the study area, taking into consideration a set of potential 

drivers, such as land covers, other landscape metrics and prevailing environmental conditions 

(Figure 19, Figure 20 and Figure 21). The influences of the distance to water courses and the 

presence of shrublands, broad-leafed forest, burnt areas and mean annual temperature were 

analysed, and higher rates of OPL in wild boar populations were projected to Bragança 

comparatively to Vila Real (Figure 20 and Figure 21), both ranging from 50% to 100%. 

 

 

 

 

 

 

 

 

 

 

 

Considering all the land covers selected, only the analysis of the broad-leafed forest 

distribution patterns (Figure 19) and the mean annual temperature (thermal amplitudes 

between maximum and minimum) (Figure 21) seems to explain the obtained OPL spatial 

pattern. In fact, the broad-leafed forest maintains high humidity rate in the soil since oaks 

(Quercus spp.) have high percentage of lignin with thicker and denser leaves. Consequently, 

the decomposition rate is slowly compared with pines and mixed tree communities (Nowacki 

Figure 19 - Spatial dynamic projections concerning trends of the OPL in the 

broad-leafed forest. 
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Legend: 

&Abrams 2008), which can provide favourable external conditions to pathogenic leptospires 

since they have an optimum growth temperature between 28 and 30 °C (Wilson et al. 1983, 

Holt et al. 1994), surviving in hydric soils, mud, swamps, streams and rivers, and even 

multiplying outside the host in such environments (Kirschner & Maguire 1957, Wilson et al. 

1983, Faine et al. 1999). Also more, the mean annual temperature in areas with higher rates of 

OPL has ranged between 12.6 and 16.0 ºC, an interval of temperatures favourable for the 

presence of pathogenic leptospires in the environment (Figure 21). However, they die quickly 

by the action of heat (76-96 ºC), and the highest temperature for survival in laboratory culture 

medium is approximately 41-42ºC. They are relatively resistant to cold, but dry provokes 

death in 1.5-16 hours (Faine et al. 1999). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20 - Spatial dynamic projections concerning trends of the OPL in 

in the broad-leafed forest and shrubland areas. 

Figure 21 - Distribution of the mean annual temperature in Trás-os-

Montes region. 
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6. GENERAL CONCLUSIONS 

The present study is the first serological survey on the presence of leptospiral 

agglutinins carried out in wild boars of the Trás-os-Montes region. The serological diagnostic 

test used, the microscopic agglutination test (MAT), indicates that the wild boars had 

evidence of past or present infections by pathogenic leptospires.  

Concerning to molecular findings, this is the first time that leptospiral DNA is detected 

in kidneys of European wild boars. LipL32F and LipL32R proved to be the best primers to 

detect the presence of leptospiral DNA in kidney samples of wild boars from the Trás-os-

Montes region. Contrarily, the lig primers showed to be inadequate for diagnostic purposes 

concerning clinical and epidemiological perspectives. This is because they were unable to 

detect DNA from a L. borgpetersenii serovar Ballum strain used as internal control, and also 

ineffective to detect leptospiral DNA present in other two positive kidneys samples (for 

LipL32 primers) probably because the infective serovar corresponds to another strain different 

from the ones tested by Palaniappan et al. (2005). 

The high seroreactivity to several different serovars indicated the general susceptibility 

and the importance of leptospiral infection in the wild boars of the Trás-os-Montes region, 

being the occurrence strongly dependent with the frequency of contact with animal hosts or 

with contaminated environment (Treml et al. 2003). PCR findings in wild boar kidney 

samples reinforce the previously known suspicion that the wild boar is a potential reservoir 

host for some Leptospira serovars (Treml et al. 2003, Slavica et al. 2008, Vengust et al. 

2008), being one of the potential sources of leptospirosis infection for human’s, especially for 

hunters and hunting dog´s, during the hunting practice (through direct contact with tissue, 

blood or urine) (Mason et al. 1998). 

Wild boar represents a valuable economic and hunting resource (in Spain generated 

29.3 million Euros in the 2006-2007 hunting season) (Bosch et al. 2012). The population 

trend of the species at present shows a considerable increase, and preventive measures to 

control and eradicate diseases present in wild boars must be a top priority, due high 

probabilities of contact with domestic animals and humans (Ebani et al. 2003, Keuling et al. 

2008, Boadella et al. 2012, Wu et al. 2012). 
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To know the spatial pattern of WBindex and OPL, the Stochastic Dynamic 

Methodology (StDM) was applied and the obtained simulation results are encouraging since 

they seem to represent a useful contribution to capture the key changes in the WBindex and in 

the OPL under very complex and variable environmental scenarios. Since the WBindex and 

OPL are holistically determined by the habitat structure, the StDM simulations allowed a 

better perception of the influences of land cover dynamics on the spatial patterns of 

Leptospira occurrence. 

The main goal of this StDM framework was to create new insights for a better 

understanding of the wild boar distribution and the associated pattern of the potential for 

leptospirosis positives at the regional level, evaluating the influences from specific habitats in 

both the occurrence of the species and occurrence of the infection. 

The integrative application of the StDM provides simple, suitable and intuitive outputs. 

The main objective of the StDM approaches is a mechanistic understanding of the holistic 

ecological functioning in the scope of the need for rapid, standardized and cost-saving 

assessment methodologies (Santos & Cabral 2004). When coupled with spatial projections, by 

an expeditious interface with GIS, the proposed framework permits the creation of landscape 

patterns from changes in ecosystems, whose patterns are the basis of spatially explicit 

ecological models that will make the outputs more instructive and credible to decision-makers 

and environmental managers. 

The StDM framework presented offers a unifying approach with the spatial background 

and the multi-level connections that give realism to the interactions obtained, such as the 

combined influence between the coniferous forest dominance and the presence of highways 

barrier effect, which can determine the pattern of the WBindex. Regarding the OPL, the 

analysis of the broad-leafed forest distribution patterns associated with the mean annual 

temperature (thermal amplitudes between maximum and minimum) seems to explain the 

obtained spatial patterns. 

Therefore, our proposed modelling framework should be considered as starting point 

that will provide the development of more multidisciplinary techniques in the scope of this 

research area, namely in order to contribute for the knowledge of the role of wild boars in the 

transmission of leptospirosis. For this, the isolation of Leptospira spp. from kidney is critical, 

and future research must be done to identify if wild boar urine is a possible source of 

leptospiral infections for humans, wild and domestic specie. 
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Since emerging infectious diseases pose a serious threat to wild species, investigations 

of these diseases in such populations and the implementation of the StDM framework 

proposed can benefit conservation efforts and provide a connection between serological 

studies and timely identification and surveillance needs of these diseases. 

The present study intends to contribute to the epidemiological knowledge of 

leptospirosis in wild boars from the Trás-os-Montes region by i) presenting serological data 

obtained by microscopic agglutination test (MAT) (serological gold standard test) and 

molecular findings, ii) contributing to prediction of relative abundance index of the wild boars 

(WBindex) and the occurrence of positives to leptospirosis (OPL) at regional level, iii) 

reporting to the competent authorities the resulting data, which could reinforce the importance 

of wildlife as potentially source of this zoonotic disease transmission to humans and domestic 

animals, particular hunting agents (members of the organization, hunters, and the breeds of 

dogs used in this hunting practice). 
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APPENDIX I - FIELD FORM 

 

                                 UNI VERSI DADE DE TRÁS-OS-MONTES E ALTO DOURO  

 
Ficha de campo 

!

 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Localização 

Data: ____________________ NºCampo: _________________ Nº LAB:______________________________ 

Localidade: _____________________________________ Concelho: ___________________________ 

Zona de caça:____________________________________________________________________________ 

Registo no mapa : SIM____________________ NÃO________________________ 

 

Nome/Contacto: ____________________________________________________________________________________________ 

Nº animais abatidos:________ 

Nº animais amostrados:_________ 

 

Observadores: _____________________________________________________________________________________________ 

 

Nº Caçadores inscritos:_________ Taxa de esforço:________ 

Nº cães/matilhas:_____________________ 

Anotações de gestão: Alimentação artificial: S     N     Repovoamento: S     N        

Observações:  

 

Condições climáticas 

Nebulosidade:  0 nula     1  <33%   2  33-66%   3  >66%   4  100%    5  nevoeiro 

Visibilidade:  0 nula  1 baixa   2 moderada   3 alta 

Precipitação:  0 nula   1 fraca   2 moderada  3 forte   4 muito forte   5 aguaceiros   6 granizo   7 neve 

Vento:  0 nulo  1 fraco  2 moderado  3 forte  4 muito forte 

Dir vento:_________(º)   Veloc.  vento:________m/s   Temp.:_______ºC    Chill:_______ºC.m/s    Humidade:______% 

H. índex:_________%.ºC    D. point:__________ºC   P.barométrica:__________hPa 
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                                 UNI VERSI DADE DE TRÁS-OS-MONTES E ALTO DOURO  

 
Ficha de campo 

!

 4 

 

DADOS DO EXEMPLAR:        

O animal deve ser filmado em decúbito lateral direito com uma escala e deve ainda ser filmada a superfície dorsal, também 

com a escala  

Localidade: _________________________   Data:________________________________ 

Biometrias   Ficha Campo Nº (A-Z) _______________Ficha Exemplar Nº (!-100) ____________________  

 

Comp Total:________ cm            Altura: __________cm          Pé Posterior: __________  cm         Perímetro Torácico:________ cm 

Peso: _____________ 

 

Biometrias   Ficha Campo Nº (A-Z) _______________Ficha Exemplar Nº (!-100) ____________________  

 

Comp Total:________ cm            Altura: __________cm          Pé Posterior: __________  cm         Perímetro Torácico:________ cm 

Peso: _____________ 

 

Biometrias   Ficha Campo Nº (A-Z) _______________Ficha Exemplar Nº (!-100) ____________________  

 

Comp Total:________ cm            Altura: __________cm          Pé Posterior: __________  cm         Perímetro Torácico:________ cm 

Peso: _____________ 

 

Biometrias   Ficha Campo Nº (A-Z) _______________Ficha Exemplar Nº (!-100) ____________________  

 

Comp Total:________ cm            Altura: __________cm          Pé Posterior: __________  cm         Perímetro Torácico:________ cm 

Peso: _____________ 

 

Biometrias   Ficha Campo Nº (A-Z) _______________Ficha Exemplar Nº (!-100) ____________________  

 

Comp Total:________ cm            Altura: __________cm          Pé Posterior: __________  cm         Perímetro Torácico:________ cm 

Peso: _____________ 

 

Biometrias   Ficha Campo Nº (A-Z) _______________Ficha Exemplar Nº (!-100) ____________________  

 

Comp Total:________ cm            Altura: __________cm          Pé Posterior: __________  cm         Perímetro Torácico:________ cm 

Peso: _____________ 
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                                 UNI VERSI DADE DE TRÁS-OS-MONTES E ALTO DOURO  

 
Ficha de campo 

!

 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Avaliação da higiene da carcaça:  Ficha Campo Nº (A-Z) _______________Ficha Exemplar Nº (!-100) ____________________  

 

Mordedura: 

 

Tiro: 

 

Consp. interna/ Rebentamento vísceras: Presente   Ausente    

Hora abate possivel:________                 Hora evisc: ___________      

Temp. Carne:__________        

Observações: 

 

 

 

 

N ível 1 N ível 2 N ível 3 

  

AVALIAÇÃO SANITÁRIA: 

Observações: (Órgãos afectados e breve descrição das alterações) 

 

 

 

 
Avaliação da higiene da carcaça:  Ficha Campo Nº (A-Z) _______________Ficha Exemplar Nº (!-100) ____________________  

 

Mordedura: 

 

Tiro: 

 

Consp. interna/ Rebentamento vísceras: Presente   Ausente    

Hora abate possivel:________                 Hora evisc: ___________      

Temp. Carne:__________        

Observações: 

 

 

 

 

N ível 1 N ível 2 N ível 3 

  

AVALIAÇÃO SANITÁRIA: 

Observações: (Órgãos afectados e breve descrição das alterações) 
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APPENDIX II - SPECIFICATION OF ALL MATHEMATIC EQUATIONS INCLUDED 

IN THE MODEL 

 

Difference equations 

AGRIC_ha(t) = Agric_ha(t-dt) + (shr_reconv-agric_aband)*dt 

BRO_ha(t) = bro_ha(t-dt) + (BRO_regen-BRO_fire)*dt 

burnt_area_ha(t) = burnt_area_ha(t-dt) + (gains_burnt_area-SHR_succession)*dt 

CON_ha(t) = CON_ha(t-dt) + (CON_regen-agric_CON_fire)*dt 

MIX_ha(t) = MIX_ha(t-dt) + (MIX_regen-MIX_fire)*dt 

nr_of_fires_occurrences(t) = nr_of_fires_occurrences(t-dt) + (fire_occurrence)*dt 

SHR_ha(t) = SHR_ha(t-dt) + (agric_aband+SHR_succession-shr_reconv-CON_regen-

BRO_regen-MIX_regen-SHR_fire)*dt 

Process equations 

INIT AGRIC_ha = 926.84 

INFLOWS: 

shr_reconv = if shr_reconv_option=1 then (annual_shr_reconv*SHR_ha) else 0  

OUTFLOWS: 

agric_aband = if agric_aband_option=1 then (annual_agric_aband*AGRIC_ha) else 0 

 

INIT BRO_ha = 13.51 

INFLOWS: 

BRO_regen = if total_forest_area=0 then 1/3*SHR_ha*annual_regen_bro else 

(BRO_ha/total_forest_area)*(SHR_ha*annual_regen_bro) 

OUTFLOWS: 

BRO_fire = if timing_fire=fire_probability then burnt_area_BRO_%*BRO_ha else 0 

 

INIT burnt_area_ha = 0 

INFLOWS: 

gains_burnt_area = BRO_fire+CON_fire+MIX_fire+SHR_fire 
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OUTFLOWS: 

SHR_succession = burnt_area_ha*annual_regen_shr 

 

INIT CON_ha = 553.7 

INFLOWS: 

CON_regen = if total_forest_area=0 then 1/3*SHR_ha*annual_regen_con else 

(CON_ha/total_forest_area)*(SHR_ha*annual_regen_con) 

OUTFLOWS: 

CON_fire = if timing_fire=fire_probability then burnt_area_CON_%*CON_ha else 0 

 

INIT MIX_ha = 427.35 

INFLOWS: 

MIX_regen = if total_forest_area=0 then 1/3*SHR_ha*annual_regen_mix else 

(MIX_ha/total_forest_area)*(SHR_ha*annual_regen_mix) 

OUTFLOWS: 

MIX_fire = if timing_fire=fire_probability then burnt_area_MIX_%*MIX_ha else 0 

 

INIT nr_of_fires_occurrences = 0 

INFLOWS: 

Fire_occurrence = if timing_fire=fire_probability then 1 else 0 

 

INIT SHR_ha = 569.66 

INFLOWS: 

agric_aband = if agric_aband_option=1 then (annual_agric_aband*AGRIC_ha) else 0 

SHR_succession + burnt_area_ha*annual_regen_shr 

OUTFLOWS: 

shr_reconv = if shr_reconv_option=1 then (annual_shr_reconv*SHR_ha) else 0 

Associated variables 

log_AGRIC = LOG10(AGRIC_ha+1) 

log_BRO = LOG10(BRO_ha+1) 

log_burnt = LOG10(burnt_ha+1) 
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log_CON = LOG10(CON_ha+1) 

log_highways = LOG10(highways_dist+1) 

log_MIX = LOG10(MIX_ha+1) 

log_SHR = LOG10(SHR_ha+1) 

log_temp = LOG10(temp+1) 

log_water_bodies = LOG10(water_bodies_dist+1) 

log_water_courses = LOG10(water_courses_dist+1) 

annual_agric_aband  = ((1+max_agric_aband_%)^(1/time_max_annual_agric_aband))-1 

annual_regen_bro = ((1+max_bro_regen_%)^(1/time_max_bro_regen))-1 

annual_regen_con = ((1+max_con_regen_%)^(1/time_max_con_regen))-1 

annual_regen_mix = ((1+max_mix_regen_%)^(1/time_max_mix_regen))-1 

annual_regen_shr = ((1+max_shr_regen_%)^(1/time_max_shr_regen))-1 

annual_shr_reconv = ((1+max_shr_reconv_%)^(1/time_max_annual_shr_reconv))-1 

Occurrence_of_positives_% = if Occurrence_of_positives_to_Lepto>100 then 100 else 

Occurrence_of_positives_to_Lepto 

Composed variables 

CON_regen = if total_forest_area=0 then 1/3*SHR_ha*annual_regen_con else 

(CON_ha/total_forest_area)*(SHR_ha*annual_regen_con) 

BRO_regen = if total_forest_area=0 then 1/3*SHR_ha*annual_regen_bro else 

(BRO_ha/total_forest_area)*(SHR_ha*annual_regen_bro) 

MIX_regen = if total_forest_area=0 then 1/3*SHR_ha*annual_regen_mix else 

(MIX_ha/total_forest_area)*(SHR_ha*annual_regen_mix) 

SHR_fire = if timing_fire=fire_probability then burnt_area_SHR_%*SHR_ha else 0 

total_forest_area = BRO_ha+CON_ha+MIX_ha 

Constants 

agric_aband_option = 0 

fire_probability = 3 

highways_dist = 3698.299947962 

max_agric_aband_% = 1 

max_bro_regen_% = 1 

max_con_regen_% = 1 

max_mix_regen_% = 1 



 

Analysis and prediction of the occurrence of leptospirosis in wild boars (Sus scrofa) of the 

Trás-os-Montes region 

 

 

  

92 

max_shr_reconv_% = 0.5 

max_shr_regen_% = 1 

shr_reconv_option = 0 

temp = 13.75 

time_max_annual_agric_aband = 10 

time_max_annual_shr_reconv = 10 

time_max_bro_regen = 30 

time_max_con_regen = 25 

time_max_mix_regen = 30 

time_max_shr_regen = 5 

water_bodies_dist = 28866.0841658 

water_courses_dist = 1361.53510616 

Random variables 

burnt_area_BRO_%  = random(0,0.425) 

burnt_area_CON_%  = random(0,0.388) 

burnt_area_MIX_%  = random(0,0.598) 

burnt_area_SHR_%  = random(0,1) 

timing_fire = ROUND(random(0, fire_probability)) 

StDM converters 

Occurrence_of_positives_to_Lepto = -542+352.5*log_temp + 24.6*log_SHR + 

29.2*log_water_courses + 16.88*log_burnt + 27.86*log_BRO 

Relative_abundance_index_of_WB = 0.549 -0.0758*log_CON + 0.2108*log_highways - 

0.2237*log_water_courses - 0.0918*log_water_bodies 

 

 

 

 


