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Resumo: 

As micobacterioses causam sérias preocupações na produção animal e na vida selvagem, 

em todo o mundo. As infeções micobacterianas têm sido descritas em centenas de 

espécies de animais selvagens podendo afetar todos os animais vertebrados. Como estas 

infeções são de carácter crónico, a melhor estratégia de controlo passa pela identificação 

precoce dos animais infetados, melhorando a metodologia de diagnóstico e tornando 

efetivos os programas de controlo.  

Com o desenvolvimento das técnicas de biologia molecular aplicadas à microbiologia, o 

conhecimento da ecologia das micobactérias avançou rapidamente em todas as áreas. Na 

medicina humana a reação em cadeia de polimerase (PCR) é aceite como técnica de 

diagnóstico, substituindo ou complementando o isolamento bacteriano e o método de 

Ziehl-Neelsen. 

As espécies do género Mycobacterium responsáveis pela tuberculose nos humanos e 

outros animais são incluídas no complexo Mycobacterium tuberculosis. As espécies do 

complexo Mycobacterium avium causam uma variedade de patologias, incluindo lesões 

típicas de tuberculose em humanos e aves, infeções disseminadas em pacientes 

imunodeprimidos, linfadenites em humanos e outros mamíferos e paratuberculose em 

ruminantes. 

O objetivo do presente trabalho é compreender melhor o papel dos mamíferos selvagens 

na epidemiologia das micobacterioses zoonóticas e não zoonóticas na vida selvagem, em 

Portugal. 

A presente tese está estruturada em cinco capítulos. O capítulo I consiste na revisão geral 

sobre a classificação e biologia, epidemiologia, sinais clínicos, patologia, técnicas de 

diagnóstico, e preocupações de saúde pública das micobactérias dos complexos 

Mycobacterium tuberculosis e Mycobacterium avium, em mamíferos selvagens. 
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O capítulo II é dedicado ao complexo Mycobacterium tuberculosis (MTC). Este capítulo 

está dividido em três estudos: O Capítulo II.1 descreve um estudo alargado sobre a 

presença de Mycobacterium bovis na população selvagem em Portugal. Neste trabalho 

foi estudada uma população de 2116 mamíferos selvagens e a prevalência encontrada por 

espécie foi: 26.9% na raposa vermelha (Vulpes vulpes), 20.0% no Saca-rabos (Herpestes 

ichneumon), 21.4% no javali (Sus scrofa) e 38.3% no veado europeu (Cervus elaphus). 

Os resultados deste estudo confirmam a presença de Mycobacterium bovis em carnívoros 

selvagens, em Portugal. No capítulo II.2 foi confirmada a infeção disseminada por 

Mycobacterium bovis em raposas vermelhas em Portugal, demonstrando-se pela primeira 

vez a ocorrência de infeção natural no cérebro destes animais. No capítulo II.3 foi 

demonstrado, pela primeira vez, a infeção por Mycobacterium bovis em saca-rabos.  

O capítulo III é dedicado ao complexo Mycobacterium avium (MAC). Este capítulo está 

dividido em sete estudos: No capítulo III.1 pesquisou-se a presença de anticorpos contra 

as espécies do complexo Mycobacterium avium em mamíferos selvagens mortos por 

atropelamento, encontrados mortos ou resultantes da atividade cinegética. A 

seroprevalência resultante foi de 4.7% e os anticorpos contra MAC foram detetados em 

raposa vermelha, lontra europeia (Lutra lutra), texugo europeu (Meles meles) e javali. No 

capítulo III.2 foi desenvolvido um estudo para determinar a ocorrência de MAP em 

carnívoros selvagens em Portugal, utilizando amostras de 74 animais mortos por 

atropelamento. A ocorrência de animais infetados foi de 27% (n=20). MAP foi isolado 

na raposa vermelha, na fuinha (Martes foina), na lontra europeia, no saca-rabos, e no 

texugo europeu. Nos Capítulos III.3 e III.4 foi demonstrada, pela primeira vez em 

Portugal, a presença de Mycobacterium avium subsp. paratuberculosis (MAP) na Lontra 

europeia. A presença de MAP foi confirmada por cultura bacteriológica e detetada por 

biologia molecular em múltiplos órgãos. Os capítulos III.5 e III.6 fazem parte de uma 

série de estudos que pretendem determinar a prevalência da paratuberculose em veados. 

Com este propósito, foram realizadas necropsias a 877 veados e foram feitas colheitas de 

vários órgãos para posterior pesquisa de MAP utilizando técnicas de biologia molecular, 

microbiologia e histopatologia. MAP foi detetado por PCR IS900 em 81.1% das amostras 

de rim de veado positivas no esfregaço de Ziehl-Neelsen. No Capítulo II.7 pesquisou-se 

a presença de MAP em 589 javalis e 45 animais foram classificados de infetados por 

cultura bacteriológica e/ou PCR. De acordo com os nossos resultados, 37.9% dos animais 

infetados foram aprovados para consumo humano.  



 
 

VII 
 

O Capítulo IV aborda os estudos sobre lesões granulomatosas. Este capítulo está dividido 

em quatro estudos: nos Capítulos IV.1 e IV.2 foi avaliada a resposta inflamatória crónica 

nos gânglios mesentéricos de javalis com linfadenite granulomatosa. Os parâmetros 

morfológicos das lesões foram registados e foi avaliada a expressão dos anticorpos anti-

CD3 e anti-CD79α. Os granulomas observados encontram-se principalmente no estadio 

III e IV e as percentagens e padrões de distribuição de anti-CD3 e anti-CD79α são 

semelhantes em lesões onde MAP e MTC estão presentes. No Capítulo IV.3 encontra-se 

descrito, pela primeira vez, a coinfecção por Corynebacterium pseudotuberculosis, 

Mycobacterium bovis, e MAP confirmada por biologia molecular em veados. No Capítulo 

IV.4 foram analisados gânglios linfáticos de javalis com linfadenite granulomatosa, mas 

com resultados negativos na cultura micobacteriana e PCR. Amostras de tecidos foram 

analisados por PCR e cultura bacteriana para deteção de Nocardia spp. e duas amostras 

foram positivas para Nocardia spp. em PCR. Este é o primeiro caso documentado de 

nocardiose em javalis. Estes resultados realçam a necessidade do diagnóstico diferencial 

das lesões granulomatosas em animais selvagens. 

O capítulo final (Capítulo V- Conclusões) inclui uma conclusão global da nossa 

investigação enfatizando os aspetos mais relevantes e significativos. Concluindo, os 

estudos apresentados neste trabalho pretendem fornecer uma visão mais aprofundada das 

micobacterioses em mamíferos selvagens.   
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Abstract 

Mycobacterial species are raising serious concerns in livestock and wild animals 

worldwide. In wildlife, mycobacterial infection has been reported in hundreds of species 

and likely has the potential to occur in every vertebrate. Since this infection is of a chronic 

nature the best strategy to control the infection is through early identification of infected 

animals, and better diagnostic measures are required for effective control programs.  

With the development of new molecular methods for detecting and characterizing 

microorganisms, the ecology of mycobacteria has rapidly advanced in all areas. In human 

medicine, polymerase chain reaction (PCR) assays are accepted diagnostic standards, 

replacing or complementing culture isolation and acid-fast staining. 

The mycobacterial species that produce tuberculosis in humans and animals are included 

in the Mycobacterium tuberculosis complex (MTC). Mycobacteria from the 

Mycobacterium avium complex (MAC) cause a variety of diseases including 

tuberculosis-like disease in humans and birds, disseminated infections in 

immunocompromised patients, lymphadenitis in humans and mammals and 

paratuberculosis in ruminants. 

The aim of the present work was to gain a better understanding of the role of free-living 

mammalian species in the epidemiology of wildlife mycobacteriosis in Portugal. 

The present work is structured in five chapters. Chapter I presents a general review of the 

classification and biology, epidemiology, clinical signs, pathology, diagnostic techniques, 

and public health concerns of Mycobacterium tuberculosis and Mycobacterium avium 

complexes in wild mammals.  
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Chapter II focuses on the MTC. This chapter is divided into three studies: Chapter II.1 

contains large population surveys of Mycobacterium bovis in Portugal by testing samples 

from hunted animals and specimens which were found already dead. In this study we 

investigated 2,116 wild mammals and prevalence by species was: 26.9% in red fox, 

20.0% in Egyptian mongoose, 21.4% in wild boar (Sus scrofa) and 38.3% in red deer 

(Cervus elaphus). These results confirm the presence of Mycobacterium bovis infection 

in wild carnivores in Portugal. Chapter II.2 confirms the presence of disseminated 

Mycobacterium bovis in red foxes and it is the first report in the world on natural infection 

in the brains of these animals. Also for the first time, Chapter II.3 demonstrates 

Mycobacterium bovis infection in Egyptian mongoose. 

Chapter III is dedicated to the MAC, and is divided into seven studies: Chapter III.1 

analyses the presence of antibodies against MAC in wild mammals killed on roads and 

by hunters, or found dead in east-central Portugal. The seroprevalence obtained was 4.7% 

and antibodies against MAC were detected in red fox, Eurasian otter (Lutra lutra), 

European badger (Meles meles), and wild boar. In Chapter III.2 a survey is conducted to 

determine the occurrence of Mycobacterium avium subsp. paratuberculosis (MAP) in 

wild carnivores in Portugal by testing samples from 74 road-killed animals. The 

occurrence of infected animals was 27% (n=20). MAP was isolated in red fox, beech 

marten (Martes foina), Eurasian otter, Egyptian mongoose and European badger. In 

Chapter III.3 and III.4 the infection of Eurasian otters with MAP in Portugal is 

demonstrated for the first time. The presence of MAP was confirmed by isolation in 

bacteriological culture and detected by molecular methods in multiple organs. Chapter 

III.5 and III.6 are part of a wider set of studies designed to assess the prevalence of 

paratuberculosis in free ranging red deer. For that purpose, 877 free-ranging red deer were 

submitted to necropsy and sampled through molecular methods, microbiology and 

histopathology. MAP was detected by IS900 PCR in 81.1% of the Ziehl-Neelsen positive 

kidneys. Chapter III.7 analyses 589 free-ranging wild boar for the presence of MAP and 

45 animals were classified as infected, indicated by positivity in the culture and/or in 

PCR. According to our results, 37.9% of the infected animals were approved for human 

consumption.  

Chapter IV focuses on granulomatous lesions. This chapter is divided into four studies: 

Chapters IV.1 and IV.2 were conducted to evaluate the chronic inflammatory response in 

the mesenteric lymph nodes of wild boar with granulomatous lymphadenitis. 
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Morphological parameters of the lesions were recorded, and the expression of anti-CD3 

and anti-CD79α antibodies was evaluated. The granulomatous lesions consisted mainly 

in stage III and stage IV granulomas and similar percentages and distribution patterns of 

CD3 and CD79 occurred in lesions where MAP and MTC were present. In Chapter IV.3 

a coinfection of Corynebacterium pseudotuberculosis, M. bovis, and MAP confirmed by 

molecular methods in red deer is described for the first time. Chapter IV.4 is dedicated to 

the analysis of wild boar lymph nodes with granulomatous lymphadenitis, but negative 

to mycobacteria in culture and PCR. Tissues samples were tested by PCR and culture for 

detection of Nocardia spp. and two samples had positive results for Nocardia spp. in 

PCR. This is the first documented case of nocardiosis in wild boar. These results 

emphasize the need for the differential diagnosis of the lymph nodes granulomatous 

lesions in wild animals. 

The final Chapter (Chapter V – Concluding remarks) is a comprehensive conclusion of 

our investigation, emphasizing the most relevant and significant findings. The studies 

presented in the present work provide further insights into the mycobacterial infections 

in wildlife mammals. 
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I.1 Classification and biology of genus Mycobacterium 

The Mycobacterium genus belongs to the family Mycobacteriaceae, the order Actinomycetales, 

the phylum Actinobacteria and kingdom Bacteria. The phylum Actinobacteria contains one 

class (Actinobacteria), five subclasses, six orders, 14 suborders, and 40 families. The orders, 

suborders, and families are defined based on 16S ribosomal RNA (rRNA) sequences and 

distinctive signature nucleotides. The suborder Corynebacterineae contains seven families with 

several well-known genera. Three of the most important genera are Corynebacterium, 

Mycobacterium (sole genus of the family Mycobacteriaceae), and Nocardia (Prescott et al., 

2002). 

The species of Mycobacterium is composed of a group of high genomic guanine-cytosine 

(C+G) content (~61 to 71%), facultative intracellular, Gram-positive microorganisms 

comprising more than 130 established and validated species and subspecies (Turenne et al., 

2007), with surprisingly diverse phenotypes related to growth rate, metabolic activity, colony 

appearance, environmental distribution, and pathogenic potential for eukaryotic hosts (Smole 

et al., 2002). 

Unidentified species are constantly being discovered and mycobacterial taxonomy is 

continuously changing. For the acceptance of a new species, the old and new ways of 

identification are all included: biochemical characteristics, growth and pigmentation 

characteristics, high performance liquid chromatography (HPLC) analysis and a unique genetic 

composition determined by the sequence of genes that allow species differentiation, such as the 

16S rRNA gene, the hsp65 gene and the internal transcribed spacer (ITS) ribosomal region, as 

applied and subsequently published in the International Journal of systematic Bacteriology 

Sequencing of at least two targets as mentioned above must be included, but the choice of 

targets is not specified (Hale et al., 2001). 

Mycobacteria are acid-fast bacilli, acidophilic, small, slightly curved or straight rods that 

sometimes branch or form filaments. Mycobacterial filaments differ from those of 

actinomycetes in readily fragmenting into rods and coccoid bodies when distributed. They are 
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aerobic, immobile, non-sporulated and catalase positive bacteria. Their cell wall is lipid-rich 

and contain waxes with 60 to 90 carbon mycolic acids, which are complex fatty acids with a 

hydroxyl group on the β-carbon and an aliphatic chain attached to the α-carbon. The presence 

of mycolic acids and other lipids, in high concentration outside the peptidoglycan, makes 

mycobacteria acid-fast dye resistant (basic fuchsin cannot be removed from the cell by acid 

alcohol treatment), as well as resistant to immune system defense mechanisms and disinfectants 

(Prescott et al., 2002; Carter and Wise, 2004). 

Although most of these species are saprophytic, important human and animal pathogens have 

been identified. Pathogenic members are usually characterized by their slow growth in culture, 

with generation times of 12 to 24 h, and must be incubated for 2 to 40 days after inoculation of 

a solidified complex medium to form a visible colony, whereas nonpathogenic members grow 

considerably faster (Harris and Barletta, 2001). 

The species belonging to a species group (referred to as species-complex) can be very different 

in virulence or pathogenesis. Several previously considered species appear to consist of several 

closely related species, as biochemical and mainly genetic analyses have demonstrated in, for 

instance, the Mycobacterium tuberculosis complex (MTC), considered a separate group 

belonging to the Mycobacterium genus, and a similar phenomenon can be found in the M. avium 

complex (Thorel et al., 1990). 

Mycobacteria other than Mycobacterium tuberculosis are commonly referred to as atypical or 

non-tuberculous mycobacteria (NTM). Two of these, M. leprae and M. ulcerans cause disease 

in normal hosts and are thus primary pathogenic, responsible for important diseases in humans 

and animals in the developed world as well as in developing countries, respectively leprosy and 

Buruli ulcer. They are often not regarded as NTM. The remaining species are considered 

environmental, saprophytes or opportunistic pathogens and cause disease when host-defenses 

are compromised (Falkinham, 1996). NTM can cause a wide array of clinical diseases; 

pulmonary disease is most frequent, followed by lymphadenitis in children, skin disease (by M. 

marinum, particularly in fish tank fanciers), and other extrapulmonary or disseminated 

infections in the severely immunocompromised (Van Ingen, 2013). 

Non-tuberculosis mycobacteria can be arranged into four groups according to the Runyon 

classification: Group I consists of the photochromogenic (pigmented when exposed to light) 

species of slow growers (eg, Mycobacterium kansasii, Mycobacterium marinum, 
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Mycobacterium simiae); members of group II are scotochromogenic (form pigment in the dark) 

slow growers (eg, Mycobacterium scrofulaceum, Mycobacterium szulgai, Mycobacterium 

gordonae); group III contains the nonchromogenic slow growers (eg, Mycobacterium 

malmoense, Mycobacterium xenopi, Mycobacterium avium complex, Mycobacterium ulcerans, 

Mycobacterium haemophilum); and group IV consists of rapid growers, defined as maturing in 

less than 1 week (e.g., Mycobacterium fortuitum, Mycobacterium chelonae, Mycobacterium 

abscessus) (Sommers and Good, 1985). 

 

I.1.1 Mycobacterium tuberculosis complex (MTC) 

Members of the MTC, the causative agents of tuberculosis (TB) in mammals, are highly related 

with remarkable nucleotide sequence homogeneity, despite varying pathogenicity, host 

preference, geographical range and epidemiology, and form a tight cluster in taxonomical 

studies (Mostowy and Behr, 2005). 

This complex now consists of Mycobacterium tuberculosis, Mycobacterium bovis (including 

the BCG vaccine strains, that was attenuated from a clinical isolate of M. bovis called “lait 

Nocard”), Mycobacterium africanum, Mycobacterium microti, Mycobacterium caprae, 

Mycobacterium canettii, Mycobacterium pinnipedii and Mycobacterium mungi which are all 

pathogenic for human and/or animals and all named after their original host (Mostowy and 

Behr, 2005; Warren et al., 2006).  

The analysis of deletions further allowed the evolution of the M. tuberculosis complex to be 

mapped. Comparative genomic analysis showed 14 regions of difference (RD1-14), ranging in 

size from 2 to 12.7 kb, that were present in M. tuberculosis, but absent in M. bovis BCG (Gordon 

et al., 1999). 

The members of the M. tuberculosis complex had evolved from a common precursor (Figure 

1). Strains that possessed TbD1 were termed “ancient” whilst those lacking the region were 

labelled “modern”. Additionally, the assumption that M. tuberculosis had evolved from M. 

bovis was discredited. This finding was also confirmed by Mostowy and colleagues (2002). 
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Figure 1. Diagram of the evolution of M. tuberculosis, based on the presence or absence of regions of difference 
(green boxes) as well as specific single nucleotide polymorphisms (white boxes), modified from Alexander et al. 
(2010). 

 

Mycobacterium tuberculosis 

The complete genome of the laboratory reference strain Mycobacterium tuberculosis H37Rv 

was published in 1998 (Cole et al., 1998), and since then, genome sequences from several other 

M. tuberculosis strains have been published 

Mycobacterium tuberculosis is the predominant cause of human TB. Although M. tuberculosis 

is considered primarily a human pathogen, an of out breaks have been reported in other animals 

both domestic and wildlife species living in close contact with humans (Montali et al., 2001). 

 

Mycobacterium bovis 

Mycobacterium bovis is the major etiologic agent of animal TB, infecting many species of wild 

and domestic mammals and also man (de Lisle et al., 2002) but is primarily a bovid pathogen. 
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Tuberculosis occurs worldwide in livestock and it’s prevalence is unknown in several countries 

but it was estimated that over 50 million cattle could be infected, (Hewinson, 2001). Several 

countries have successfully eradicated bovine TB through test and removal programs reinforced 

by active surveillance of abattoirs. Nevertheless, in other countries (e.g., United Kingdom, 

Ireland, USA, New Zealand and Portugal) similar strategies could not eradicate the disease, 

which is now reemerging.  

In Portugal in 2013, TB incidence and prevalence in cattle herds and prevalence in cattle was 

0.27%; 0.34% and 0.048%, respectively, with some regional variation (DGAV, 2014). 

Difficulties in eradicating bovine tuberculosis in cattle in some areas may relate to the 

occurrence of TB in wildlife reservoir species (de Lisle et al., 2002; Santos et al., 2009).  

Infection with M. bovis has been documented in a variety of wild species throughout the world 

(Europe, Africa, Asia, Australia, New Zealand and the Americas) in any area where livestock 

are raised, and in most situations these cases have been considered to be spillover from infected 

domestic populations and that may become maintenance hosts and reservoirs for M. bovis. 

(Kaneene and Pfeiffer, 2008). 

Mycobacterium bovis infection of animals exhibits some host specificity and among farm 

animals, it rarely infects equidae or sheep, but occurs regularly in cattle and pigs (Phillips et al., 

2003). Wildlife known to be susceptible to M. bovis include cervids and other artiodactylae 

such as wild boar (Sus scrofa) (Schmitt et al., 2002; Parra et al., 2006; Santos et al., 2009; 

Vieira-Pinto et al., 2011); carnivores such as coyote (Canis latrans) (Rhyan et al., 1995; 

VerCauteren et al., 2008),  wolf (Canis lupus) (Carbyn, 1982 ), gray fox (Urocyon 

cinereoargentus) (Bruning-Fann et al., 2001) and red fox (Vulpes vulpes) (Martín-Atance et al., 

2005; Delahay et al., 2007; Millán et al., 2008); insectivora (moles, voles, hedgehogs) (Delahay 

et al., 2002); lagomorphs (Montgomery, 1999); rhinoceros (Stetter et al., 1995); buffaloes (De 

Garine-Wichatitsky et al., 2010); and primates (Keet et al., 2000).  

Species such as North American bison (Bison bison) (Nishi et al., 2002), African buffalo 

(Syncerus caffer) (Michel, 2002), European badgers in United Kingdom (Clifton-Hadley, 1996) 

and Switzerland (Delahay et al., 2002), brushtail possums in New Zealand (Jackson, 2002), 

white-tailed deer in Michigan (Schmitt et al., 2002), and several antelope species in South 

Africa (Michel, 2002) have been identified as reservoir hosts. 
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With respect to the wild boar, its contribution to the epidemiology of TB seems variable; it is 

considered a spillover host in New Zealand, Australia (Corner, 2006) and Italy (Serraino et al., 

1999) but a maintenance host in Spain (Naranjo et al., 2008). Moreover, wild suids were used 

in New Zealand as sentinels for M. bovis presence in the environment (Nugent et al., 2002).  

A wildlife reservoir species may serve as a constant source of infection for another. Studies on 

these wildlife reservoir hosts for M. bovis are providing greater insight into the epidemiology 

of M. bovis in both wildlife and domestic animal populations, which is needed to allow more 

effective control of the infection in domestic livestock. Once established in wildlife, TB is 

extremely difficult to eradicate. The only successful example is in Australia, where M. bovis 

was eradicated by depopulation of its maintenance host, the water buffalo (Bubalus bubalis) 

(Bengis et al., 2004). Therefore, before any attempt to control TB is undertaken the precise role 

of each species in the epidemiologic cycle needs to be ascertained (Corner, 2006). 

 

Mycobacterium africanum 

Mycobacterium africanum is the most common cause of pulmonary TB in people in different 

areas of Africa. In contrast to M. tuberculosis and M. bovis, M. africanum strains show a higher 

variability of phenotypic attributes, comprising characteristics common to both M. tuberculosis 

and M. bovis. This phenotypic heterogeneity of M. africanum complicates its unequivocal 

identification and may lead to misclassification of clinical strains. According to their 

biochemical characteristics, two major subgroups of M. africanum have been described, 

corresponding to their geographic origin in western (subtype I) or eastern (subtype II) Africa. 

Numerical analyses of these subtypes revealed that M. africanum subtype I is more closely 

related to M. bovis, whereas subtype II more closely resembles M. tuberculosis (Niemann et al., 

2002b). 

Mycobacterium africanum is rarely reported as a cause of TB in animals. Infection due to this 

variant has been described in monkeys (Thorel, 1980), cattle and pigs in Norway (Alfredsen 

and Saxegaard, 1992), and in one bull in Germany (Weber et al., 1998). 
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Mycobacterium microti 

Mycobacterium microti was associated with limited diversity and a much reduced spoligotype 

pattern, this group of organisms can be identified by the absence of chromosomal region 

RD1mic. (Smith et al., 2009). 

This species was originally identified as a pathogen of small rodents (e.g. field voles, bank 

voles, wood mice) and shrews (Cavanagh et al., 2002; Burthe et al., 2008); although M. microti 

has been reported occasionally in a number of other species, including a badger, ferret 

(Emmanuel et al., 2007), alpaca, llamas (Oevermann et al., 2004; Zanolari et al., 2009), squirrel 

monkeys (Henrich et al., 2007), meerkats (Suricata suricatta) (Palgrave et al., 2012), wild boar 

(Boniotti et al., 2014), dog (Deforges et al., 2004), pigs (Taylor et al., 2006), domestic cats 

(Rüfenacht et al., 2011), and man (Van Soolingen et al., 1998; Emmanuel et al., 2007; Smith et 

al., 2009). 

 

Mycobacterium canettii 

Mycobacterium canettii formerly known smooth type Mycobacterium tuberculosis (SmTB) is 

the most divergent subspecies within the MTC, presenting a smooth and glossy colony 

morphology, a rapid grow in vitro and the evidence for recombination (Gutierrez et al., 2005). 

In addition Mycobacterium canettii strains have biochemical features such as the absence of 

niacin production and nitrate reduction (Fabre et al., 2004) and the presence of the majority of 

RD, including RD9 and TbD1 (Brosch et al., 2002), that differentiate them from the rest of the 

MTC. 

The first Mycobacterium canettii strain was isolated by Canettii in 1969 from a French farmer 

suffering from pulmonary TB (Canetti, 1970) and the subspecies designation M. canettii was 

introduced by Van Soolingen et al. (1997), following the isolation in 1993 in the Netherlands 

from a Somali child with lymphadenitis. 
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Mycobacterium caprae 

Mycobacterium tuberculosis complex isolates recovered from goats, were originally classified 

as M. tuberculosis subsp. caprae (Aranaz et al., 1999), later this subspecies was reclassified as 

M. bovis subsp. caprae (Niemann et al., 2002a) and in 2003 was elevated to species rank as 

Mycobacterium caprae (Aranaz et al., 2003). 

The main characteristics that differentiate isolates belonging to M. caprae from other members 

of the MTC are a special combination of pyrazinamidase (pncA), catalase (katG) and gyrase 

(gyrA) gene polymorphisms, and specific fingerprinting patterns obtained from restriction 

fragment length polymorphism (RFLP) associated with insertion sequence (IS) 6110, direct 

repeat and polymorphic GC-rich sequences, and direct variable repeat-spacer oligonucleotide 

typing (spoligotyping) that are very different to those obtained for other members (Aranaz et 

al., 2003). 

Mycobacterium caprae has been isolated in other domesticated animals for example, cattle, 

pigs and sheep (Pavlik et al., 2002; Duarte et al., 2008; Rodríguez et al., 2011) and other studies 

it has been described a high incidence of M. caprae infection in human with clinical TB 

acquired from bovine (Kubica et al., 2003).  

In wildlife Mycobacterium caprae has been isolated from wild boar and red deer in Spain and 

Portugal (Gortazar et al., 2005; Duarte et al., 2008; Rodríguez et al., 2011). Mycobacterium 

caprae infection in wild boar has also been reported in Central European countries (Erler et al., 

2004). In zoo animals M. caprae has been isolated from Siberian tiger (Panthera tigris altaica) 

in Budapest (Lantos et al., 2003), dromedary camel (Camelus dromedarius) and bison (Bison 

bison) in Slovenia (Pate et al., 2006). Erler et al. (2004) suggested that M. caprae is the main 

cause of TB in livestock in Central European regions. 

 

Mycobacterium pinnipedii 

Tuberculosis in pinnipeds was first described for Blair (1913), but the causative agent remained 

unknown until 1986, when Mycobacterium bovis, identified biochemically, was isolated from 

New Zealand fur seals (Arctocephalus forsteri) and Australian sea lions (Neophoca cinerea) 

(Forshaw and Phelps, 1991). Later, it was discovered that the isolates from these animals 
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differed in their genotypic characteristics and with regard to these differences, the causative 

agent was then thought to be a separate species among MTC members and the name “M. 

pinnipedii” was proposed, after formerly named Mycobacterium type seal (Cousins et al., 

2003). 

Mycobacterium pinnipedii infection has been found in captive and free living pinniped species, 

in Australia, Argentina, France, Germany, The Netherlands, New Zealand, Uruguay and Great 

Britain. According to the literature, the most frequently affected pinniped species has been the 

Southern sea lion (Otaria flavescens), the majority of which kept in captivity (Kriz et al., 2011). 

Mycobacterium pinnipedii infection has also been described in humans (mainly zookeepers) 

(Thompson et al., 1993; Kiers et al., 2008), one Brazilian tapir (Tapirus terrestris), one lama 

(Lama glama) and two lowland gorillas (Gorilla gorilla gorilla) from a zoo in Great Britain 

(Cousins et al., 2003; Cousins, 2006) and one Malayan tapir (Tapirus indicus) and a Bactrian 

camel (Camelus bactrianus) in a German zoo (Moser et al., 2008). All of these zoological 

gardens had the presence of infected pinnipeds (mainly sea lion) and this is most probably the 

source of infection for other animals and humans. 

The lesions found in the animals consisted mainly of granulomas of caseous nature in the lungs 

and lymph nodes (Forshaw and Phelps, 1991; Cousins et al., 2003). 

 

Mycobacterium mungi 

The more recent member of MTC was identified in banded mongooses (Mungos mungo) that 

live near humans in Botswana in 2010. Host spectrum and transmission dynamics remain 

unknown but Mycobacterium mungi causes high number of deaths in banded mongooses and 

the time from clinical presentation to death for affected mongooses is generally short (2–3 

months) compared with that for other MTC pathogens. M. mungi appears to infect by means of 

a nonrespiratory route through the nasal planum, suggestive of environmental transmission 

(Alexander et al., 2010). 
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I.1.2 Mycobacterium avium  complex (MAC) 

Originally, one species, later divided in two species, Mycobacterium avium and Mycobacterium 

intracellulare (Turenne et al., 2007). Recently, advances in molecular taxonomy have fuelled 

identified novel species within the MAC, including the Mycobacterium chimaera incorporating 

sequevar MAC-A organisms isolated from humans with pulmonary cavitations, pulmonary 

abscess, chronic obstructive pulmonary disease and bronchiectasis (Tortoli et al., 2004; 

Schweickert et al., 2008); the Mycobacterium colombiense incorporating sequevar MAC-X 

organisms isolated from the blood and sputum of human immunodeficiency virus (HIV) 

infected patients in Colombia (Murcia et al., 2006), and from diseased lymph nodes in children 

(Esparcia et al., 2008; Vuorenmaa et al., 2009); the Mycobacterium arosiense, recently 

described in an immunocompromised child with disseminated osteomyelitic lesions (Bang et 

al., 2008); the Mycobacterium vulneris (Van Ingen et al., 2009), Mycobacterium marseillense, 

Mycobacterium timonense and Mycobacterium bouchedurhonense  isolated from patients with 

pulmonary disease (Ben Salah et al., 2009).  

Bacteria from the MAC differ in virulence and ecology, and are the most frequently isolated 

NTM (Mackenzie et al., 2009). Mycobacterium members of MAC have the capacity to survive 

and multiply under a wide range of environmental conditions, including low pH, extreme 

temperatures, chlorine or ozone treatment and low oxygen level. Thus, plus their ability to 

utilize many substances as nutrients, enables them to grow successfully in many biotopes (Biet 

et al., 2005). The environmental sources responsible for MAC infection in different 

populations, the specific routes of infection and transmission, the potential for latent infection 

and reactivation of disease are not yet well defined (Smole et al., 2002; Turenne et al., 2006). 

Ingestion of environmental organisms followed by invasion through the gastrointestinal tract 

has been suggested as the main route of infection because the organisms are frequently isolated 

from stools of different animals. There is also an important positive correlation between the 

presence of MAC in respiratory samples and the subsequent development of disseminated 

disease (Inderlied et al., 1993).  

Several subspecies of M. avium have been identified based on molecular and biochemical 

criteria, that is HPLC of cell wall mycolic acids, sequencing of ITS ribosomal regions and RFLP 

of an IS1245 (Mijs et al., 2002). These include the subsp. avium, subsp. paratuberculosis, 
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subsp. hominissuis and subsp. silvaticum (Turenne et al., 2007). All four Mycobacterium avium 

subspecies and Mycobacterium intracellulare are capable of infecting a diverse range of hosts 

and possess a high degree of genetic similarity (Thorel et al., 1990).  

To date, using 16S rRNA probes, 28 MAC serotypes have been identified from which the 

serotypes 1–6, 8–11, and 21 belong to Mycobacterium avium subsp. avium (MAA). Serovars 

7, 12–20, and 25 have been ascribed to Mycobacterium intracellulare. Serovar-1 is the most 

common organism isolated from birds and from human. Serotypes 1, 2, and 3 are considered 

virulent for chickens. Serotypes 1 and 2 are most commonly isolated from domestic birds, and 

serovar 3 is recovered sporadically from wild birds. Serotypes 1, 4, and 8 have been reported 

to predominate among isolates from AIDS patients (Dhama et al., 2011). 

Mycobacteria from the MAC cause a variety of diseases including TB-like disease in humans 

and birds, disseminated infections in AIDS patients and otherwise immunocompromised 

patients, lymphadenitis in humans and mammals and paratuberculosis in ruminants. The MAC 

comprises slow growing mycobacteria that are ubiquitous in the environment (soil and water), 

and have a wide source range, causing disease in various domestic and wild mammals and birds 

(Biet et al., 2005). 

All ruminant species, captive or free-ranging, are susceptible to disease and death due to MAC 

infection (Manning, 2011), and a wide diversity of non-ruminant species can become infected 

with mycobacteria belonging to MAC.  

 

Mycobacterium avium subsp. avium 

Before establishing the Mycobacterium avium subsp. avium (MAA) designation, this bacterium 

was simply referred to as Mycobacterium avium and has long been recognized as a primary 

pathogen causing avian TB in wild and domestic birds as well as in a variety of fowl, game 

birds and water-fowl and has also been reported in ostriches, emus, and rheas in many 

zoological parks. The most common route of infection for susceptible animals is the alimentary 

tract. Respiratory tract is also suggested as a potential source of infection (Dhama et al., 2011).  
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Mycobacterium avium subsp. paratuberculosis 

Mycobacterium avium subsp. paratuberculosis (MAP) is the etiologic agent of Johne’s disease 

or paratuberculosis, a chronic granulomatous enteritis of ruminant livestock and wildlife, with 

worldwide distribution having a significant impact on the world economy (Harris and Barletta, 

2001) and has been identified in human patients with Crohn’s disease (Behr and Kapur, 2008). 

For veterinary medicine, MAP is the MAC member of greatest importance, and is capable of 

infecting and causing disease in a wide array of animal species, including nonhuman primates, 

without the need for co-existent immunosuppressive infections (Shin et al., 2010). MAP is one 

of the slowest growing mycobacterial species, hence primary isolation from specimen, requires 

prolonged culture incubation and can take several months. Unlike most other Mycobacterium 

avium subspecies, isolation of MAP requires the addition of the siderophore mycobactin to 

culture media (Wells et al., 2006). From phenotypic analysis, the MAP group has been 

subdivided into two main types, bovine and ovine, that vary in hosts, diseases caused, and 

growth phenotypes (Whittington et al., 1999). Genotypically, these findings were based 

primarily on comparisons of the integration loci of the IS900 and used polymorphisms in 

IS1311 to separate sheep and cattle isolates into separate populations (Whittington et al., 1998). 

MAP has been isolated in a wide range of wild mammals, from deer, and in South American 

camelids (llamas and alpacas) (Stehman, 1996, Committee on Diagnosis and Control of Johne's 

Disease, 2003) from rodents, badgers, raccoons, nine-banded armadillos, opossums, northern 

short-tailed shrew, striped skunks (Beard et al., 2001a; Corn et al., 2005; Deutz et al., 2005), 

wild boars (Machackova et al., 2003; Álvarez et al., 2005) and rhinoceros (Cousins et al., 2000) 

to bears (Kopecna et al., 2006), but not all of them present the same susceptibility and develop 

clinical signs or lesions when infected. The close relationship between wild, captive and 

domestic ruminants and other species like birds is, nowadays, clinically relevant as the wild 

population could act as reservoir for this agent (Álvarez et al., 2005). 

 

Mycobacterium avium subsp. hominissuis (MAH) 

MAC isolates of genotypes IS901- and IS1245+ and serotypes 4 to 6, 8 to 11 and 21 are less 

virulent for birds and are designated M. avium subsp. hominissuis (MAH). MAH was proposed 

to distinguish organisms found in humans and pigs from those isolated from birds (Turenne et 
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al., 2007). Those are genomically diverse, the more diverse group of strains, low-virulence, 

opportunistic pathogens for both animals and humans (Shin et al., 2010). Considered ubiquitous 

in the environment (the most likely source of infection for humans), MAH can cause serious 

systemic infection in immunocompromised patients, such as those infected with HIV. 

Additionally, this opportunistic pathogen can cause cervical lymphadenitis in children with 

cystic fibrosis, and lung infections in patients with underlying lung disease (Álvarez et al., 

2008). Domestic water distribution systems have been reported as possible sources of MAH 

infections in hospitals, family houses, and commercial places (Matlova et al., 2004). In animals, 

Mycobacterium  avium subsp. hominissuis is found as a cause of lymphadenitis of the head and 

mesenteric lymph nodes of swine documented at slaughter (Shin et al., 2010), and can also lead 

to systemic infection of parenchymatous organs (Álvarez et al., 2008). MAH were recovered 

from affected lymph nodes of red deer from Austria (Glawischnig et al., 2006). 

 

Mycobacterium avium subsp. silvaticum 

Mycobacterium avium subsp. silvaticum applies to the previously named wood pigeon bacillus, 

an acid-fast organism causing TB-like lesions in these wood pigeons. The inability to grow on 

egg media, the stimulation of growth by pyruvate, the ability to grow at pH 5.5 and their 

mycobactin dependency upon primary isolation, gradually losing this phenotype upon 

subculture, have been described as characteristics of Mycobacterium avium subsp. silvaticum 

(Thorel et al., 1990). 

 

Mycobacterium intracellulare 

Mycobacterium intracellulare, initially named Nocardia intracellularis, is an environmental 

organism and opportunistic pathogen, isolated from a variety of animal hosts and environmental 

sources. Mycobacterium intracellulare is a closely related pathogen of birds with a low 

prevalence (Thorel et al., 2001). In general, it has been subject to less study than Mycobacterium 

avium, as the latter is more prevalent in clinical and environmental samples, has a wider 

apparent host range, and contributes almost exclusively to disseminated MAC disease in human 

immunodeficiency virus patients (Turenne et al., 2007). The type strain of Mycobacterium 



Chapter I ● Mycobacteriosis in Wildlife: A General Approach 
 

15 
 

intracellulare (ATCC 13950) was isolated from humans, specifically responsible for enlarged 

lymph nodes in children, who died from disseminated disease (Turenne et al., 2007), and 

progressive pulmonary disease in elderly women (Kyriakopoulos et al., 1997). Mycobacterium 

intracellulare appears to have a distinct ecological niche, more prevalent in biofilms and at 

significantly higher colony forming units (CFU) numbers than Mycobacterium avium 

(Falkinham et al., 2001). 

 

 

I.2 Clinical signs, lesions and epidemiological aspects in wild mammals 

A number of significant challenges arise in detecting mycobacteriosis in free-ranging wildlife. 

Even in susceptible species, the majority of infected animals show no clinical signs of disease 

(de Lisle et al., 2002). The host immune response to mycobacterial infection is complex, and 

significant differences exist among a diverse group of mycobacterial pathogens and host species 

infected. A common feature among many pathogenic mycobacterial species in both humans 

and animals is a prolonged asymptomatic or latent period that can last years to decades. It is 

interesting that during this latent period bacterial numbers are usually very low and their 

detection can be difficult (Plattner and Hostetter, 2011). 

 

I.2.1 Mycobacterium tuberculosis complex (MTC) 

Tuberculosis caused by Mycobacterium bovis is a chronic, progressive disease and even in the 

most susceptible species, the time course of infection/disease my last for several weeks; more 

commonly disease will last for many months, if not years. For the majority of the course of 

infection, animals will be clinically normal. The most common clinical sign of disease is weight 

loss and this only occurs in advanced stages of the disease. Other clinical signs include swollen 

lymph nodes, especially of the head, discharging lymph node abscesses and signs associated 

with a tuberculous pneumonia such as coughing. Skeletal and synovial (elbow hygromata) 

lesions with associated lameness may be observed in lion (Keet et al., 2000). Swollen head 

nodes with draining fistulae are almost pathognomonic in greater kudu (de Lisle et al., 2002). 
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The severity of clinical signs may be exacerbated by environment factors such as lack of grazing 

during droughts. In some animal species, a change in behavior may occur in the advanced stages 

of disease (badger; possum; baboons) (de Lisle et al., 2002). 

The course of TB in deer is variable, since this associated clinical signs, distribution and 

severity of lesions (Clifton-Hadley and Wilesmith, 1991). The disease may be subacute or 

chronic, with a variable rate of progression. A small number of animals may become severely 

affected within a few months of infection, while others may take several years to develop 

clinical signs (OIE, 2009). TB in deer presents as a spectrum of pathological conditions at post 

mortem, ranging from no obvious gross lesions (Kaneene et al. 2002; de Lisle et al. 2001) to 

liquefactive abscedation of lymph nodes (more typically associated with acute pyogenic 

bacterial infection) or classical caseo-granulomatous lesions, closely resembling those found in 

cattle (proliferative granuloma, caseation, and calcification with ageing) (Griffin and 

Mackintosh 2000). 

The lesions in deer may take the form of thin-walled abscesses containing purulent material 

with multiple bacilli and minimal calcification or fibrosis. In cervids, TB should be considered 

when abscess-like lesions of unknown aetiology are observed. Thin-walled abscesses have also 

been observed in llamas (OIE, 2009).  

The lymph nodes affected are usually those of the head and thorax. The mesenteric lymph nodes 

may be affected – large abscesses may be found at this site. The distribution of lesions will 

depend on the infecting dose, route of infection and the incubation period before examination 

(OIE, 2009). TB lesions are usually found in the lymph nodes draining the nasopharynx, lung 

or mesenteric tissue (Figure 2 a), b) and c), respectively), most likely reflecting the different 

routes of transmission, either by respiratory route or by oral ingestion (Griffin, 1988). These 

lesions presented a marked heterogeneity regarding their size, ranging from very small necrotic 

foci to large thin-walled abscesses, sometimes exceeding 5 cm in diameter (Figure 2 d). In deer 

farms, the lymphoreticular tissues of the head and neck, particularly the tonsil and 

retropharyngeal lymph nodes are most commonly involved (O'Brien et al., 2004), while in wild 

deer, head or neck lesions are as common as mesenteric lymph nodes lesions (Martín-Hernando 

et al., 2010). 

The presence of lymphocytes and caseous necrosis were the most common features. 

Macrophages were also abundant, and multinucleated giant cells were observed in most of the 
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granulomatous lesions (Figure 2 e). Langhans multinucleated giant cells and calcification were 

not so frequently observed when compared to the lesions in wild boars. Additionally, some of 

the animals presented liquefactive necrosis at the centre of the granulomatous lesions, in which 

cases neutrophils were also observed surrounding the necrotic debris (Figure 2 f). 

These lesions are usually enclosed by a fibrous capsule. The pulmonary granulomas observed 

were variable in terms of dimensions as well as in their limits definition: some of them were 

confluent, and they all showed central necrosis involved by macrophages and other 

mononucleated cells. 

 
a) 

 
b) 

 
c) 

 
d)  

 
e) 

 
f) 

Figure 2. Tuberculosis lesions in the lymph nodes of red deer (Cervus elaphus) with 
caseous necrosis. a) Retropharyngeal lymph nodes. b) Mediastinal lymph nodes. c) 
Mesenteric lymph nodes. d) Marked heterogeneity of Red deer abscesses containing a pale 
yellowish necrotic and purulent material. e) Necrotic centre of granuloma. f) Inflammatory 
infiltrate, composed mainly of lymphocytes, surrounding the necrotic centre and often 
presenting multinucleated giant cells. Hematoxylin and eosin. Original magnification: e) 
100x; f) 400x. 
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If lesions are confined to internal lymph nodes or restricted areas of lung, the animals can have 

no clinical signs throughout their life. Generalized disease involving the lungs may result in 

emaciation. When an infected animal shows clinical evidence of disease, death will occur 

within 1-2 weeks (Griffin and Buchan, 1994).  

Nonspecific signs have been described, including retardation of antler growth, sexual 

indifference in stags in the rutting season and failure of hinds to come into estrus. Coughing 

and respiratory rales, although sometimes present, are not typical features of the disease in deer 

(Clifton-Hadley and Wilesmith, 1991). 

Lesions of TB in wild boar (Sus scrofa) are localized in the head lymph nodes, and TB nodules 

in lymph nodes seem to evolve from the necrotic to the fibronecrotic-calcified form with the 

“sterilization” of the nodules (Bollo et al., 2000). 

Nodules are never open, so that wild boars do not eliminate M. bovis in the environment, as 

happens with other wild reservoirs of infection such as possums or badgers. Another 

confirmation of the self-limiting process of TB infection in wild boar lymph nodes arises from 

the fact that although the prevalence of lesions increases significantly with the wild boar’s age, 

positive results upon DNA probing actually decrease with the animal’s age. In the area under 

consideration, TB in domestic cattle was still high, and it is possible that wild boars of the area 

became infected by scavenging infected cattle carcasses or during rooting by ingestion of M. 

bovis present in the soil (Moda et al., 1996). 

Lesions were most typically found in the retropharyngeal, submandibular lymph nodes and 

submandibular salivary glands; they could be moderately hypertrophied, with 1 mm miliary 

caseocalcareous foci, or greatly hypertrophied, with dry yellow or liquid greenish content 

(Figure 3 a), b) and c)). The pulmonary and mediastinal lymph nodes were rarely hypertrophied 

and had only some small caseocalcareous nodules. The same type of lesion was observed in the 

mesenteric lymph nodes only when they were incised (Figure 3 d)). Advanced induration of the 

lung with calcified caseum, small caseocalcareous lesion in a lung, fibrinous pleuritic; lesions 

in other organs or sites, such fibrinous peritonitis, miliary foci in the liver, and arthritis in leg 

joint may occur (Zanella et al., 2008).  

Microscopically, these granulomas were characterized by the presence of a partially 

mineralized necrotic core involved by mononucleated cells, such as macrophages and 
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lymphocytes, and rare multinucleated giant cells, and surrounded by a well-defined fibrotic 

capsule (Figure 3 e) and f)).  

Wild boars that are reported to be infected by M. bovis show lesions at necropsy. Very rarely, 

M. bovis isolation occurs from wild boar carcasses with no lesion at necropsy, as happens in 

other animal species (i.e. in cattle). On contrast, the presence of lesions is not sufficient to 

diagnose the infection correctly: diagnosis must be confirmed by a panel of laboratory tests, 

including bacteriological and histopathological techniques and, nowadays, with the aid of 

biomolecular methods. 

 
a) 

 
b) 

 
c) 

 
d) 

 
e) 

 
f) 

Figure 3. Tuberculosis lesions in the lymph nodes of wild boar (Sus scrofa) with 
caseocalcareous nodules. a) and b) Submandibular lymph nodes. c) Submandibular 
salivary gland. d) Mesenteric lymph nodes. e) Necrotic centre calcified. f) Inflammatory 
infiltrate, composed mainly of lymphocytes, surrounding the necrotic centre and often 
presenting multinucleated giant cells. Hematoxylin and eosin. Original magnification: 
e) 100x; f) 200x. 
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In tuberculous African buffalo solid caseogranulomas are generally found in lymph nodes, 

whereas in the lungs the lesions vary from focal tuberculous pneumonia with pin-point areas of 

caseation to solid confluent caseogranulomas. Whether focal or disseminated, these lung lesions 

may progress to cavitation with liquefaction (Bengis et al., 2004), and such cases are extremely 

contagious. 

There have been relatively few surveys for M. bovis in host species other than Cervidae and 

Bovidae. Bruning-Fann et al. (2001) conducted necropsies of 294 carnivores from the M. bovis-

endemic area of Michigan and seven animals had microscopic lesions suggestive of M. bovis 

and nine had lymph node cultures positive for M. bovis – six coyotes, two raccoons (Procyon 

lotor), one red fox (Vulpes vulpes), and one black bear (Ursus americanus). Moreover gross 

lesions suspicious of TB were seen in two coyotes (both culture positive), and one adult male 

bobcat (culture negative, PCR positive). One adult male coyote had numerous 2 to 3 mm firm, 

white nodules that were raised above the surface of the lung, the mesenteric lymph nodes were 

enlarged with gritty, white mottling. Follicular hyperplasia with multiple granulomas, 

composed primarily of macrophages and lymphocytes, were seen histologically. Although no 

acid-fast bacilli were seen, M. bovis was cultured from these tissues. Other adult male coyote 

had markedly enlarged pale mesenteric lymph nodes, but only lymphoid hyperplasia was 

observed histologically. One adult, female bobcat had enlarged mesenteric lymph nodes (2 cm 

diameter) with numerous pale, tan nodules (2 mm diameter) on gross examination. Microscopic 

examination revealed multifocal caseogranulomas with partially mineralized necrotic debris in 

the centre, surrounded by lymphocytes and macrophages. Moderate numbers of acid-fast bacilli 

were present in the necrotic debris. No mycobacteria were isolated from these tissues. 

VerCauteren, et al. (2008) reported culture and histopathological evidence of M. bovis in 58/175 

(33%) free-ranging coyotes (Canis latrans) collected in 4-county bovine TB–endemic area in 

Michigan’s Lower Peninsula, where cattle herds continue to be infected. Lesions occurred most 

commonly in the mesenteric lymph nodes (31/58), varied from focal to multifocal and ranged 

in size from 1 to 15 mm; however, one coyote had advanced disease with lesions occurring in 

the lungs and liver.  

A study of raccoons in Michigan, reported an estimated apparent prevalence of 2.5%, with 

5/199 (Witmer et al., 2010) and Palmer et al. (2002) documented excretion of M. bovis in saliva 

or nasal secretions in raccoons but not in urine or faeces.  
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Shedding of M. bovis has been reported for North American opossums (Didelphis virginiana) 

and experimental inoculation has demonstrated that they are relatively susceptible to M. bovis 

infection. Typical gross lesions included multifocal granulomatous pneumonia and enlarged 

thoracic lymph nodes and therefore, may not shed the bacteria sufficiently to serve as a reservoir 

for infecting livestock (Fitzgerald et al., 2003). 

The ferret (Mustela putorius) has been regarded as highly susceptible to M. bovis infection, and 

the mesenteric lymph nodes were the most common site of infection, with the retropharyngeal 

and the cervical lymph nodes also frequently involved. Gross changes examined were generally 

unspectacular compared with the pyogranulomatous or caseous lesions in other wild species 

such as possums and deer. Tuberculous lymph node lesions often included simple enlargement, 

which was difficult to distinguish from normal hypertrophy, occasionally darkly pigmented. 

Focal white nodular lesions were occasionally seen in the node parenchyma but these 

tuberculous lesions were grossly indistinguishable from follicular hyperplasia. Some affected 

nodes were oedematous, and circular cream coloured foci were apparent (Lugton et al., 1997). 

The lesions in affected carnivores were observed in the mesenteric lymph nodes, suggesting 

exposure through ingestion of scavenged material. The location of lesions, variety of species 

involved, and widely dispersed cases of M. bovis were indicative of disease spillover rather 

than endemic M. bovis in these carnivores (Miller and Sweeney, 2013).  

In badgers, TB is primarily a respiratory disease resulting from inhalation of infectious aerosol 

particles, with dissemination to other organ systems as the infection progresses (Gallagher et 

al., 1976; Gallagher and Clifton-Hadley, 2000). Visible lesions are found most frequently in 

lungs, tracheobronchial and mediastinal lymph nodes, with the most common extra-thoracic 

sites being the head and body lymph nodes. Visible lesions are found in the abdominal cavity, 

but a wide range of tissues and organs are represented. Infected skin lesions are probably 

inflicted during social aggression or during territorial defence (Gallagher and Clifton-Hadley, 

2000). Although badgers are very susceptible to infection, within a population infection is most 

frequently seen in its latent subclinical infection form with only a small proportion of badgers 

progressing to disseminated disease (Gallagher and Clifton-Hadley, 2000; Murphy et al., 2010; 

Corner et al., 2012).  

 



Chapter I ● Mycobacteriosis in Wildlife: A General Approach 

22 
 

I.2.2 Mycobacterium avium complex (MAC) 

Mycobacteria belonging to the MAC can affect a wide-range of wild animals, but little has been 

published on the clinical signs, which are rarely perceived or not documented. When present, 

the occurrence of clinical signs and lesions is highly variable in timing but often similar to those 

of their domesticated counterparts. The vast majority of reports on MAC species affecting 

wildlife mention the MAP and the MAA as the mycobacteria most commonly isolated in these 

animals. 

In cattle this disease is scored in four stages according to its evolution and symptoms, two of 

them evolving sub-clinically. Stage I, or silent infection, is the most observed in young animals, 

without significant clinical signs and only in post mortem evaluation it is possible to identify 

the agent by culture or histopathology (Rideout et al., 2003). 

Stage II remains a subclinical disease, being observed in adult animals. It may be detected by 

alterations in immunological serological and/or cellular parameters. Intermittently, fecal culture 

and histopathological analysis of these animals could be positive to MAP (Rideout et al., 2003). 

In stage III the clinical signs can be observed, occurring after several years of incubation. The 

initial clinical signs are subtle with gradual weight loss despite normal appetite, intermittent 

diarrhea along several weeks, drop in milk production and roughness of hair coat. These 

symptoms are included in the differential diagnosis of multiple diseases, so it is often 

misdiagnosed (Whittington and Sergeant, 2001). Usually, animals in this stage are positive 

upon enzyme-linked immunosorbent assay (ELISA) and other serological tests, as for 

histopathological analysis of lesions, which are common in the terminal ileum (Coelho, 2006). 

The last stage of the disease (stage IV) comprises animals that rapidly progress from the stage 

III with rapid condition deteriorated. They became increasingly lethargic, weak and emaciated 

and present intermandibular edema due to hypoproteinemia. In this stage, the culture of the 

agent, molecular biology techniques of PCR, ELISA, serology and histopathology, all are 

positive for the majority of animals tested. The gastrointestinal tract is the preferential local to 

sample in order to isolate the agent, but in some conditions it can even be present in 

extraintestinal lesions, with the liver and lymph nodes being the most common sites (Rideout 

et al., 2003). 
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The lesions observed in wild ruminants are identical to those of their domestic counterparts, 

while in the South American camelids the lesional pattern is similar to that of cattle. However 

in llamas and alpacas, in contrast to what is generally described in cattle, lymph node necrosis 

and mineralization, along with multiorganic dissemination, have also been reported (Stehman, 

1996; Committee on Diagnosis and Control of Johne's Disease, 2003). As in the previously 

mentioned species, the most significant MAC species capable of causing clinical disease in 

free-living, captive and farmed deer are MAP and MAA. Although MAH has been also isolated 

from lesions in deer (Thorel et al., 2001; Glawischnig et al., 2006) and Mycobacterium 

intracellulare was also found in deer species, they are not so common and their infection is 

usually subclinical. Despite the occurrence of paratuberculosis in adults, outbreaks of the 

disease frequently occur in young deer of 8-15 months of age, contrary to the clinical disease 

in sheep and cattle which usually affects adults of 3-5 years of age (Mackintosh et al., 2004).  

Clinical signs of paratuberculosis in deer are similar to those described in sheep and cattle, with 

diarrhea and loss of weight and body condition (Reyes-Garcia et al., 2008). Accordingly, the 

intestinal lesions of paratuberculosis in deer primarily affect the jejunum and ileum, and are 

identical to the typical lesions observed in sheep and goats (Stehman, 1996); yet, necrosis and 

mineralization in lymph nodes draining the gastrointestinal tract, especially those draining the 

ileum and ileocecal valve, are a common feature. The lymph nodes are often enlarged, and a 

range of changes from yellow watery areas to caseous necrosis is observed on cut surfaces. The 

microscopic changes in these lesions are very similar to those caused by Mycobacterium bovis 

and other members of the MAC genus (de Lisle et al., 1993; de Lisle et al., 2003).  

Balseiro et al. (2008), have proposed a histopathological classification of lesions observed in 

natural occurring cases of paratuberculosis in free-ranging fallow deer (Dama dama), according 

to which the lesions would be graded into four categories: focal, multifocal, diffuse 

multibacillary, and diffuse intermediate (multibacillary-lymphocytic) lesions. Focal lesions are 

composed of small granulomas, mainly in the jejunal and ileal lymph nodes, whereas multifocal 

lesions consist in well-demarcated granulomas in the intestinal lymphoid tissue and also in the 

intestinal lamina propria. Diffuse multibacillary lesions are characterized by a severe 

granulomatous enteritis and lymphadenitis. Macrophages and numerous Langhan’s 

multinucleatd giant cells (L-MGC) containing many mycobacteria are present, resulting in 

macroscopic changes in the normal gut morphology. These changes are found from the 

proximal jejunum to the ileocaecal valve, but lesions are always particularly severe in the distal 
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jejunum. In the diffuse intermediate (multibacillary-lymphocytic) lesions, there is a prominence 

of lymphocytes, macrophages and L-MGC, with small numbers of mycobacteria (Balseiro et 

al., 2008). In deer with clinical signs of paratuberculosis, disseminated granulomatous lesions 

in the lung and liver can also be observed (de Lisle et al., 1993). A recent report in free-ranging 

red deer (Cervus elaphus) supports the possibility of multiorganic dissemination of MAP in 

deer, since the agent was isolated from kidneys with granulomatous lesions (Matos et al., 2012). 

In deer, the infection by MAA is self-limiting as in other mammalian species (de Lisle et al., 

1995; Mackintosh et al., 2004). The lesions may be purulent, caseous, or granulomatous (Thorel 

et al., 2001), and are mainly present in the retropharyngeal lymph nodes and lymph nodes 

draining the intestinal tract (mesenteric and ileocaecal), consistent with the feco-oral route of 

infection. The granulomatous lesions are grossly and microscopically identical to the lesions 

caused by Mycobacterium bovis (de Lisle et al., 1995). MAH lesions in deer are similar to those 

observed in animals with MAA infection, and although rare, both mycobacteria can cause 

systemic disease (Thorel et al., 2001) with hematogenous spread to the liver and lungs to 

produce miliary lesions and a terminal septicemia (Griffin, 1988). Despite of these findings, 

MAP and MAA infections can be present in apparently asymptomatic deer herds (Machackova-

Kopecna et al., 2005; Crawford et al., 2006). Furthermore, a study of wild Tule elks (Cervus 

elaphus nannodes) from California revealed no significant associations between MAC infection 

and microscopic lesions, such as presence of macrophages and/or multinucleate giant cells in 

tissue sections (Crawford et al., 2006).  

Significance of MAA and the clinical signs of paratuberculosis in non-ruminant wildlife are 

largely unknown. Lesions seem to be similar to early, subclinical infections described for 

ruminants and clinical signs are not systematically observed on positive animals (Beard et al., 

2001a). 

Despite MAA being widely reported in wild boar, data on clinical infection or mortality are 

scarce (Machackova et al., 2003). Apparently, natural infection with this mycobateria causes 

barely detectable clinical signs or lesions (Machackova et al., 2003). However, there are reports 

of MAA isolated from free-ranging Eurasian wild boars with tuberculous lesions in intestinal 

lymph nodes (Trcka et al., 2006), and the experimental infection with high doses of MAA 

results in gross and histopathological lesions of TB in tracheobronchial and mandibular lymph 

nodes. All visible lesions are less than 10 mm in diameter and consist of typical tuberculous 
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granulomas with a central caseous necrosis, variably mineralized, surrounded by macrophages, 

lymphocytes, neutrophils, eosinophils and occasional L-MGC surrounded by fibrous tissue. 

Acid-fast bacilli are rarely detected in the necrotic debris of these lesions (Garrido et al., 2010). 

Another study also showed that in wild boars with mesenteric and submaxillar lymphadenitis, 

Mycobacterium avium subspecies type 1 and M. avium subspecies type 2 were the most 

frequently isolated mycobacteria (Lara et al., 2011).  

Regarding MAH in wild boar, recent reports suggest that this animal species may act as a 

reservoir for these mycobacteria, since it was detected in lymph nodes without gross lesions or 

microscopic lesions (Trcka et al., 2006; Cvetnić et al., 2011). 

MAP was isolated from rabitts (Oryctolagus cuniculus), coyotes (Canis latrans), feral cats 

(Felis familiaris), skunks (Mephetis mephitis), opossum (Didelphis virginiana), raccoon 

(Procyon lotor), foxes (Vulpes vulpes), stoats (Mustela ermine), weasels (Mustela nivalis), 

badgers (Meles meles), wood mouse (Apodemus sylvaticus), rats (Rattus norvegicus), and 

brown hares (Lepus europaeus) (Greig et al., 1999; Beard et al., 2001a; Beard et al., 2001b; 

Palmer et al., 2005; Anderson et al., 2007). In rabbits, Greig et al. (1997) and Maio et al. (2011) 

described thickened intestines and enlarged lymph nodes in three of 33 and in two of 80 

necropsied animals, respectively. Rabbits showed enlarged mesenteric lymph nodes with 

multiple granulomatous to abscess-like tuberculous. The core of these lesions was composed 

by a yellowish material varying from solid to purulent/caseous. The intestinal wall of the caecal 

appendix, sacculus rotundus and caecum was thickened (Maio et al., 2011).  

In foxes and stoats, microscopic changes similar to those described in ruminants with 

subclinical paratuberculosis were noted in intestines and mesenteric lymph nodes. These 

changes were more subtle than those seen in either advanced ruminant paratuberculosis or 

severely infected rabbits (Beard et al., 1999; Beard et al., 2001a; Beard et al., 2001b). In rats, 

wood mice, and hares, M. avium subsp. paratuberculosis was isolated from intestinal and 

lymphoid tissue with few or no microscopic lesions (Beard et al., 2001a).  

The findings make it clear that the natural host range is far greater than previously thought and 

potential transmission routes to wildlife include predation, scavenging, and sympatry with 

infected livestock. Conversely, transmission to livestock from non-ruminant wildlife could be 

a factor in the epidemiology of paratuberculosis, with important implications with respect to 

attempted control or eradication of the disease (Beard et al., 2001a).  
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I.3 Diagnostic techniques 

The golden standard test for Mycobacterium diagnosis is the microbiological culture. The 

culture of bacteria requires weeks or months of incubation before colony growth occurs 

(Liébana et al., 1995). This means that a significant amount of time is needed before a diagnosis 

can be made and it is also known that the sensitivity of culture is not 100%. As such, false-

negative culture results may occur and it may also be difficult to isolate bacteria in culture due 

to intermittent shedding and a low number of bacilli (Liébana et al., 1995; Pavlik et al., 2000). 

Ante mortem diagnosis is based on clinical signs, radiography and ultrasonography, leukogram, 

serology, intradermal tuberculin test (ITT), culture and also acid fast staining of faecal and body 

fluids smear or biopsy samples from organs and tissues (Fowler, 1993; Altman et al., 1997; 

Chebez and Aguilar, 2001; de Lisle et al., 2002; Tell et al., 2004; Soler et al., 2009). PCR is 

being used increasingly for primary diagnostic assays and is also playing a role in further 

characterisation of cultured mycobacterial strains. Its particular attraction for diagnosis is its 

speed; one or two days for a batch of samples compared to weeks for cultures to become positive 

(Wards et al., 1995). Earlier difficulties with PCR of false negative results due to inhibition of 

the PCR reaction and false positive results due to cross-contamination have been largely but 

not completely overcome by improved extraction and contamination-control techniques. In the 

last few years, PCR-related techniques have continued to advance in many areas including 

methods of extracting DNA for amplification (Amaro et al., 2008; Parra et al., 2008; Collins, 

2011), as well as the implementation of real time (Sweeney et al., 2007; Parra et al., 2008; Roug 

et al., 2014) and proprietary PCR amplification systems (Collins, 2011). Despite these 

developments, it has been found that while PCR of Mycobacterium spp. can provide a much 

faster positive diagnosis, a negative result cannot be relied on (Taylor et al., 2007; Parra et al., 

2008). 

 

I.3.1 Direct Smears 

The fastest and simplest method of confirming a mycobacterial infection is a direct acid-fast 

bacilli (AFB) smear examination from tissues, faeces or other biological material. A Ziehl-
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Neelsen (ZN) stain or auramine stain using fluorescent microscopy can be used to determine 

this. Both stains work on the simple principle that any mycobacteria present in the smear retain 

an arylmethane dye, such as carbol fuchsin or a fluorescent analogue, within the cell giving an 

acid-fast staining reaction, following treatment with a weak acid-alcohol solution. This is due 

to the mycolic acids in the bacterium’s thick cell wall (Collins et al., 1997 ).  

The mycobacteria, in ZN-stained smears appear as slender, often beaded, red-staining rods 

against a blue background, if methylene blue is the counter-stain (Figure 4 a). Diagnosis of 

Mycobacterium spp. infection with this technique is poor due to low numbers of mycobacteria, 

these can only be visualized if at least 5x104 mycobacteria/mL of material are present and 

sample contamination with other acid-fast bacteria. In bovine specimens, M. bovis lesions are 

often low on mycobacteria, but M. avium lesions in poultry and M. bovis lesions in deer and 

badgers usually yield large numbers of mycobacteria (Markey et al., 2013). In combination with 

characteristic macroscopic lesions a presumptive diagnosis of mycobacteriosis can be made, 

but confirmation by culture is indispensable. Direct staining does not provide any information 

on the species of mycobacteria causing the infection or differentiate between viable and non-

viable cells (Collins et al., 1997 ; de Lisle et al., 2002). 

 

I.3.2 Isolation and identification 

The critical aspects of mycobacterial culture are the procedures used for processing and 

decontaminating samples, the culture media employed and the methods used for identifying 

mycobacteria (de Lisle et al., 2002). 

Mycobacterium tuberculosis and M. avium complex grows best in media containing eggs or 

egg yolk and the incubation temperature should be set at 37ºC-40ºC. Culture can be performed 

in Löwenstein–Jensen, Dorset´s, Herrold´s egg yolk medium, Middlebrook 7H10 and 7H11 or 

Coletsos medium (Aranaz et al., 1997; Tell et al., 2001; OIE, 2009; OIE, 2010). Löwenstein –

Jensen supplemented with glycerol is recommended for the isolation of M. tuberculosis. The 

use of both an agar-based medium (e.g. 7H11) and an egg-based medium supplemented with 

1% sodium pyruvate (e.g. Löwenstein–Jensen) is recommended for the isolation of M. bovis. 

Growth of M. bovis generally occurs within 3–6 weeks of incubation depending on the media 

used. M. bovis will grow on Löwenstein–Jensen medium without pyruvate, but will grow less 
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well when sodium pyruvate is added. Cultures are incubated for a minimum of 8 weeks 

(preferably for 10–12 weeks) at 37°C with or without CO2 (OIE, 2009). For the isolation of 

MAP or M. silvaticum addition of mycobactin is required in all media. MAP is the slowest 

growing of the culturable mycobacteria (Timms et al., 2011). Cultures should be incubated for 

at least 8 weeks (OIE, 2010).  

The media should be in tightly closed tubes to avoid desiccation. Slopes are examined for 

macroscopic growth at weekly intervals during the incubation period (OIE, 2009; OIE, 2010).  

Mycobacteria in culture generally appear as two types of colonies: rough or smooth, and with 

a shiny or opaque aspect (Monteiro et al., 2003). Some species of mycobacteria, classified as 

photochromogens, produce carotenoid pigment in the presence of light; the group designated 

as scotochromogenic develops yellow colonies independent of light stimulus; the non-

chromogenic group does not produce pigment; their colonies appear with shades of pale yellow 

or cream, in the presence of light or in darkness, and the colour does not intensify when exposed 

to light (Belén et al., 2007). 

Typically, MAC members produces smooth and non-chromogen colonies (Figure 4 c) within 

2-4 weeks, but rough variants can occur, and MTC members produce rough and non-chromogen 

colonies (Figure 4 d) (OIE, 2009; OIE, 2010).When growth is visible, smears are prepared and 

stained by the Ziehl–Neelsen technique (Figure 4 b). 
 

 
a) 

 
c) 

 
b)  

 
d)  

Figure 4. Ziehl-Neelsen stain and colony morphology on Löwenstein-Jensen slants. 
a) Acid-fast bacilli in smear examination from tissues. b) Acid-fast bacilli in smear 
examination from colonies. ZN stain- original magnification: 1000x. c) 
Mycobacterium avium colonies on L-J medium. d) Mycobacterium bovis colonies on 
L-J medium with pyruvate. 
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Identification of isolates by phenotypic characteristics of majority of clinically relevant 

mycobacteria can be based on growth rates, colony pigmentation and biochemical tests such as 

niacin production, nitrate reduction, tween 80 hydrolysis arylsulphatase, urease, tellurite 

reduction, thiophene-2-carboxylic acid hydrazide (TCH) sensitivity, catalase (qualitative and 

quantitative) growth on MacConkey and sodium chloride tolerance (Katoch and Sharma, 1997; 

Katoch, 2004). 

Although conventional biochemical assays are relatively inexpensive and simple to perform, in 

general, a mature growth (2-3 weeks) is required and they are often performed on a Löwenstein-

Jensen (L-J) slants and require up to 3 weeks for final read of results. Furthermore, with greater 

than 130 mycobacterial species identified to date, the use of phenotypic methods is limited and 

biased to identify only the most common species of mycobacteria, underestimating the 

complexity of the genus and resulting in misidentification of unfamiliar species (Kirschner et 

al., 1993; Springer et al., 1996).  

High-performance liquid chromatography (HPLC) can be used to differentiate mycobacteria 

based on differences in their mycolic acid profiles. Mycolic acids are high-molecular weight 

fatty acids with long carbon side chains present in abundance in the cell wall of mycobacteria 

and other organisms including Corynebacterium, Rhodococcus, and Nocardia species with 

Mycobacterium species containing the longest carbon chain (60-90) (Butler and Guthertz, 

2001). Although faster and more sensitive and specific compared to biochemical tests and other 

molecular assays, with agreement ranging from 90-99% depending on the mycobacterial 

species (Guthertz et al., 1993; Thibert and Lapierre, 1993), HPLC is a technically demanding 

method which is not easily implemented in routine diagnostic laboratories. This method 

requires a high level of expertise for recognition of species based on the HPLC chromatogram 

(Butler and Guthertz, 2001) and is not able to differentiate between members of the MTC, 

except for the M. bovis BCG strain (Floyd et al., 1992). 

Rapid identification of bacterial isolates to genus can be achieved by PCR targeting genus-

specific 16S rRNA in bacterial DNA extracted from the previously described culture media 

(Springer et al., 1996). 
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Non-sterile specimens need to be processed with detergent alkali or acid to eliminate rapidly 

growing microorganisms before culture decontamination in order to remove faster growing 

microbial species. Incubation with various decontamination agents such as 0.6-0.75% 

hexadecylpryridinium chloride (HPC) or NaOH for 3 hours to overnight, have been used. It is 

important that decontamination does not remove too many viable Mycobacterium cells 

(Whipple et al., 1991; Corner et al., 1995; Ambrosio et al., 2008; Reddacliff et al., 2010). Other 

methods like sedimentation and centrifugation can be employed if small numbers of 

mycobacteria are expected in the sample (Whipple et al., 1991; Whitlock et al., 2000).  

Shorter incubation times can be achieved using automated broth based systems, such liquid 

culture. Examples of liquid culture systems are the BACTEC 460® System (Becton Dickinson 

Inc.), the MB/Bact® (Organon Teknika, Boxtel, Netherlands) and the BACTEC MGIT 960® 

(Becton Dickinson Inc.) (Hanna et al., 1999; Williams-Bouyer et al., 2000; Hines et al., 2006; 

Timms et al., 2011). These systems have been reported to be highly sensitive for culture 

(Katoch, 2004; Percival et al., 2004). 

 

I.3.2.1 Mycobacterium tuberculosis complex 

The OIE (2009) recommends culturing of tissue with visible lesions, such as caseous necrosis 

in lymph nodes (above all submandibular, retropharyngeal, tracheobronchial, mediastinal, and 

mesenteric lymph nodes) and altered parenchymatous organs, e.g. lung, liver or spleen, as well 

as any tissues with gross lesions. When no visible lesions are detected is recommended pooled 

lymph node samples from head and thorax. 

Members of the MTC are a slow growing Mycobacterium, requiring in general 15 days to 40 

days to grow in culture. The optimal isolation temperature for the organism is 35-37°C and the 

organism does not produce pigmentation even following exposure to light (non-chromogen) 

(Babady and Wengenack, 2012). 

The most useful biochemical tests used for identification of MTC members includes: niacin 

accumulation, nitrate reduction, pyrazinamidase activity, inhibition of TCH, urease activity and 

catalase activity. Other tests that can provide additional information include tellurite reduction, 
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Tween 80 hydrolysis, the arylsulfatase test, iron uptake and NaCl tolerance (Babady and 

Wengenack, 2012; Ribón, 2012) 

The pattern of resistance of pyrazinamide is used to distinguish between M. tuberculosis and 

M. bovis/M. bovis BCG strains. Growth in the presence of TCH permits the differentiation of 

M. tuberculosis that grows in the presence of the compound as opposed to other species such 

as M. bovis; it is sensitive to the compound when added to the L-J medium (Ribón, 2012). M. 

tuberculosis is most easily identified by nitrate reduction, and by niacin accumulation as 

opposed to M. bovis (Niemann et al., 2000). 

Growth in presence of P-nitrobenzoic acid also contributes to the differentiation of species of 

the MTC. P-nitrobenzoic acid inhibits the growth of: M. tuberculosis, M. bovis, M. africanum, 

and M. microti (Palomino, 2009). 

The development of biological molecular methods, in the last years, for identification of 

mycobacteria were implemented for clinical and research uses (Ribón, 2012). Specific 

identification of isolates of de MTC can be made using PCR targeting single nucleotid 

mutations in genes oxyR, katG, pncA, gyrA, mmpl6 and gyrB (Brosch et al., 2002; Cousins et 

al., 2003). Moreover, the presence and/or absence of RDs can be exploited for rapid species 

identification (Brosch et al., 2002; Mostowy et al., 2002; Warren et al., 2006; Pinsky and 

Banaei, 2008; Smith et al., 2009). 

 

 

I.3.2.2 Mycobacterium avium complex 

Tissue culture seems to be slightly more sensitive than faecal culture and it allows the infection 

to be detected in some animals that had no specific lesions. Culture of MAP from faeces or 

tissues of other animals such as sheep and goats is less successful due to the “S” strains that 

usually infect these animals (Timms et al., 2011). 

The best organs to use for culture are usually liver and spleen but bone marrow can be used if 

carcass is decomposed, as it could be less contaminated (OIE, 2010). For M. genavense the use 

of BACTEC system with no additives and pH 6.0 is recommended (Realini et al., 1997; Realini 
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et al., 1998). Middlebrook 7H11 with pH 6.0 supplemented with blood and charcoal is also 

recommended to promote growth of M. genavense (Realini et al., 1999). In human AIDS 

patients, laboratory diagnosis of MAC infection is usually made by the BACTEC blood culture 

(Kulski et al., 1995).  

Conventional biochemical tests for species identification are lengthy and fail to distinguish 

between M. avium and M. intracelullare (OIE, 2010).  

Classification of MAC organisms has been made by seroagglutination (OIE, 2010; Dhama et 

al., 2011). Seroagglutination is based on sugar residue specificity of surface glycopeptidolipids, 

and allows classification of MAC organisms into 28 serovars: 1 to 6, 8 to 11 and 21 are currently 

ascribed as M. avium, while serovars 7, 12 to 20 and 25 to M. intracellulare. However, no 

consensus was achieved on the other serovars (OIE, 2010). MAC colonies can also be identified 

using high HPLC for detecting mycolic acid (Dhama et al., 2011). HPLC and the use of 

monoclonal antibodies to major serovars in ELISA also facilitate typing of mycobacteria 

(Aranaz et al., 1997; Dhama et al., 2011). 

 

I.3.3 Immunological methods 

The diagnosis of mycobacterial infections in live wild animals remains a challenge. The 

intradermal tuberculin test (ITT) has proved to be a very valuable test for the diagnosis of 

bovine TB in cattle and has been applied in a number of different wildlife species such as in 

cervids, African buffalos, brushtail possums and badgers (Little et al., 1982; de Lisle et al., 

2002; Griffin et al., 2003; Fernández et al., 2009), but the test presents major limitations. It has 

been proved that ITT cannot detect some stages of infection (Monaghan et al., 1994); wild 

ruminants must be captured twice (animals must be reexaminated 48h to 96h after injection of 

tuberculin) increasing the stress and the risk of accidents for the animals and for handlers 

(Fernández et al., 2009); the immunosuppressive effect resulting from the stress of capture as 

well as the effect of dehydration on skin measurement; and that intradermal testing has to be 

standardised for each species (de Lisle et al., 2002).  

The tuberculin test, involves the intradermal injection of bovine tuberculin purified protein 

derivative (PPD) and the subsequent detection of swelling (delayed hypersensitivity) at the site 
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of injection 72h later. This may be performed using bovine tuberculin alone or as a comparative 

test using avian and bovine tuberculins. The test must be carried out on the side of the neck, 

with hair clipping at the site of testing, accurate intradermal injection, and careful pre- and post-

inoculation skin thickness measurement using callipers to obtain results that are valid (Clifton-

Hadley and Wilesmith, 1991; OIE, 2009). 

For most wildlife species, the optimal dose of PPD required for tuberculin test is unknown. The 

optimal dose of tuberculin is very low, in the order of 1 to 10 UI for some species such as 

humans, while the dose required for cattle is in the order of 3,000-5,000 UI (de Lisle et al., 

2002). 

Probes like the gamma-interferon (IFN- γ) assay and the lymphocyte proliferation assay which 

measure cellular immunity, and the ELISA which measures humoral immunity, could be an 

alternative in wild animals (Fernández et al., 2009). Advantages of IFN-γ, lymphocyte 

proliferation and ELISA assays are that they employ blood and serum and they enable testing 

without handling the animals twice and allow repeated testing, which are important advantages 

in case of wild ruminants (Palmer et al., 2004). 

The dominant response to mycobacterial infections in ruminants is cell-mediated and the IFN-

γ assay has contributed significantly to the improved detection of early M. bovis infection in 

cattle as well as an increasing number of wildlife species (e.g. non-human primates, cervids). 

However, a recent study demonstrated that may be of limited usefulness in some species of 

cervids (Waters et al., 2008). The principle of this assay is based on the fact that when sensitised 

T-lymphocytes from blood of an M. bovis-infected animal are re-exposed to antigens from M. 

bovis (such as those in bovine PPD), the cells will release the cytokine IFN- γ. The release of 

IFN- γ from T-lymphocytes results in the activation of macrophages, enabling these cells to be 

more effective in killing intracellular pathogens such as mycobacteria. Release of IFN- γ by T-

lymphocytes is regarded as a hallmark of a cellular immune response which is elicited by M. 

bovis infection (Buddle et al., 2009).  

Serological tests such ELISA and multiantigen print immunoassay (MAPIA) have been used 

to detect antimycobacterial antibodies in the serum of a range of different host species, 

including wildlife (de Lisle et al., 2002; Coelho et al., 2007; Lyashchenko et al., 2008). 

However, serological assays for detecting Mycobacterium are problematic. The sensitivity of 

ELISA is dependent on the stage of the disease with a higher sensitivity of the test in case of 
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higher bacterial load. The test can detect the most severe infections in multibacillar lesions but 

shows lower sensitivity in animals with paucibacillar lesions (Lyashchenko et al., 2008; Timms 

et al., 2011). One important disadvantage is the inability to distinguish between different 

mycobacterial infections probably due to close antigenic relationship (Fernández et al., 2009). 

 

I.3.4 Genetic methods  

During the past several years, many molecular methods have been developed for direct 

detection, species identification, and drug susceptibility testing of mycobacteria. These methods 

can potentially reduce the diagnostic time from weeks to days with a higher sensibility. 

Molecular biology methods offer new opportunities to differentiate, identify and type bacterial 

species and strains. These methods use the variability of nucleic sequences of genes such as 

16S ribosomal DNA (rDNA), beta subunits of the RNA polymerase (rpoB) and DNA gyrase 

(gyrB), rDNA internal transcribed spacer among other genes. Some of the methods available to 

differentiate and identify species of mycobacteria at the DNA sequence level are PCR, PCR- 

restriction endonuclease analysis (REA), sequencing analysis, spoligotyping and DNA 

fingerprinting. These methods have been applied to both the “universal” part of the genome and 

to specific mycobacterial genes (OIE, 2009; OIE, 2010). 

Isolation of mycobacterial DNA can be done from living mycobacteria, not only from 

mycobacterial isolates but also directly from body fluids (sputum, bronchoalveolar lavages, and 

bronchial and tracheal aspirates, semen, milk, blood, cerebrospinal fluid), from tissues and from 

faeces and can be done using dead mycobacterial cells, namely from formalin-fixed and 

paraffin-embedded tissues and from forensic and archaeological samples (Hosek et al., 2006). 

In general, a variety of methods can be used for DNA isolation from different biological 

materials. However the isolation of nucleic acids from mycobacteria is more difficult than from 

other microorganisms because of a cell wall with thick peptidoglycan layer characteristic of the 

resistant to a number of lysis buffers. One of the most common mechanical disruption method, 

and several suggested to lyse mycobacteria, is the bead beating, a general term for using small 

beads mixed with the sample, usually in the presence of a proteolytic enzyme and lysis buffer, 

to break tissues or tough cell walls and spores by forceful shaking in a cell disrupter (Hurley et 

al., 1987; Odumeru et al., 2001; Lanigan et al., 2004; Hosek et al., 2006; Logar et al., 2012). 

Others include homogenizing the sample under liquid nitrogen, combinations of enzymatic 
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treatment, freeze-thaw/boiling and kits for plant DNA purification or for animal tissues DNA 

purification (Odumeru et al., 2001; Zecconi et al., 2003; Chui et al., 2004; Moravkova et al., 

2008; Slana et al., 2011; Logar et al., 2012). 

For the detection of causative microorganisms in clinical material, specific microbial genomic 

target sequences are amplified in polymerase chain reaction or other DNA/RNA amplification 

assays (Van Soolingen, 2001).  

The polymerase chain reaction (PCR) is an in vitro method for the amplification of DNA that 

was introduced in 1985 (Saiki et al., 1985). PCR has become established as a useful test for 

laboratory diagnosis of mycobacteriosis in situations where samples have moderate to large 

numbers of bacteria and it is important to have a fast diagnosis (Collins et al., 1994). With the 

performance of a previous reverse transcription step, PCR can also be applied to RNA. Reverse 

transcription PCR is a modification of this method used when the initial template is RNA rather 

than DNA, the reverse transcriptase enzyme first converts the RNA target into a complementary 

DNA copy (cDNA), that can be used to amplify the much higher numbers of copies of 

messenger or ribosomal RNA than the number of DNA copies present in bacteria, and it may 

detect specific expression of certain genes (Losinger, 2006). 

The numerous genotyping techniques that have been developed can be classified, based upon 

the genetic element used, in two categories: the whole genome techniques and the partial 

genome techniques. The whole genomic techniques, such restriction endonuclease analysis 

(REA and pulsed field gel electrophoresis (PFGE), were the first to be developed and have the 

advantage that all the potential genetic information is used. However, the cell wall composition 

of the mycobacteria renders the organisms relatively refractive to DNA extraction, with the 

result that whole genomic based techniques are technically demanding, difficult to automate, 

and therefore less popular than the techniques that only use part of the genome (Durr et al., 

2000). 

In the technique of REA, DNA is cleaved with particular restriction enzymes, the resulting 

DNA restriction fragments are separated on agarose gels and analysed. Later on, repetitive 

DNA elements are cloned that could be used as probes to visualize only those restriction 

fragments that contain the DNA sequence complementary to the probe: RFLP typing (Van 

Soolingen, 2001). In the technique of PFGE all the steps are the same as for REA, the only 

difference being the use of restriction endonuclease enzymes to generate a relatively small 
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number of large DNA fragments. Such fragments are too large to be separated by conventional 

electrophoresis, but can be discriminated when subjected to a constantly changing (pulsed) 

electrical field. The publications of the complete genome sequences of M. tuberculosis H37Rv 

(Cole et al., 1998), M. bovis AF2122/97 (Garnier et al., 2003) and M. bovis BCG (Brosch et al., 

2007) were breakthroughs in molecular TB research. Since then, whole genome sequencing has 

become more available and has revolutionized genotyping by providing the highest level of 

discrimination (Gormley et al., 2014). 

The partial genome techniques are more commonly used and can be subdivided into (a) 

techniques that target specific repeated sequences comprising IS, the direct repeat (DR) region, 

polymorphic GC-rich sequences and tandem repeat loci; (b) targeting of random sequences, 

such as random amplified polymorphic deoxyribonucleic acid (RAPD) analysis; (c) typing 

targeting housekeeping genes by multilocus sequence typing (MLST); (d) deletion typing 

targeting RD; and (e) single nucleotide polymorphism (SNP) typing (Gormley et al., 2014). 

Standard (housekeeping) genes offer a higher level of sequence variation than do ribosomal 

genes but are nonetheless useful for taxonomic purposes due to the relative sequence 

conservation imposed to maintain function. In this category, the heat-shock protein gene 65 

(hsp65) is a preferred target for mycobacterial identification to the species level, having been 

routinely used in diagnostics since the development of rapid PCR-restriction enzyme analysis 

(PRA) methods. The dnaJ gene encodes a stress chaperone protein and is highly conserved 

among the bacterial genera (Nagai et al., 1990). 

The sequence of the 16S rDNA gene is specific at the species level and is also a stable property 

of microorganisms. Targeting the 16S rRNA gene, 3 different probes, specific for 

mycobacteria, M. tuberculosis complex and M. avium complex, were constructed and the 

thermal melting temperature was different for M. tuberculosis, M. kansasii, M. avium, M. 

intracellulare and M. marinum allowing the differentiation (Tell et al., 2003). 

Some modifications to single PCR were done to improve results and were used for 

Mycobacterium species detection, the multiplex PCR, the assay that include several primer 

pairs specific to different DNA targets to allow amplification and detection of several pathogens 

at the same time, and nested PCR, in which the product from one PCR reaction serves as 

template in a second reaction with fresh reagents, thus diluting any PCR inhibiting substances 
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and increasing the sensitivity. As example differentiation of M. tuberculosis complex, M. avium 

complex and other NTM has been done by using hybridization probes (Lachnik et al., 2002).  

One of the major breakthroughs in the study of mycobacterial infections was a discovery of IS 

in mycobacterial genomes, e.g. IS6110 and IS1081 in the MTC strains (Thierry et al., 1990; 

Wards et al., 1995), IS900 in MAP (Green et al., 1989), IS901 (Kunze et al., 1991), IS1245 

(Guerrero et al., 1995), IS1311 (Roiz et al., 1995) in the MAC strains. 

 

I.3.4.1 Mycobacterium tuberculosis Complex 

The IS6110 is considered as specific to the members of the MTC, and the difference in the 

location and number of copies of this IS is a source of polymorphism between isolates. The 

classical technique used to observe such polymorphisms is RFLP–IS6110, still considered as 

the reference typing technique for M. tuberculosis (Haddad et al., 2004). This insertion 

sequence is present in up to 20 copies in M. tuberculosis, in contrast, only 1-5 copies of IS6110 

are found in M. bovis, which limits the ability of this element to discriminate between different 

M. bovis strains (Van Soolingen, 2001). For the majority of isolates of M. bovis, other 

techniques based on other genetic areas such as the DR region are preferred. 

The DR region is a monolocus area, virtually specific to the MTC (Groenen et al., 1993). Each 

DR region corresponds to the regular repeat of two types of short sequences, sequences which 

are all identical, called the DR sequences, and sequences which are all different, called the 

spacers. The association of one spacer and the contiguous DR sequence is called a DVR. The 

polymorphism between two isolates resides in the fact that one or more spacer(s) can be 

present/absent in the DR region of one isolate and not of the other. It is also related to the 

number of DR regions in different isolates. Two different techniques can be applied: RFLP–

DR to determine the number of copies of this region, and spoligotyping (for spacer oligotyping) 

one reverse line blot hybridization technique (Warren et al., 2002). 

Tandem repeat loci, similar to eukaryotic minisatellites, have been identified in M. tuberculosis. 

Loci with short sequence repeats (SSRs) of 1–3 bp are generally referred to as microsatellites, 

whilst loci with 10–100 bp are referred to as minisatellites. Many of these sequences, which 

present allelic hypervariability related to the number of repeats and to inter-allelic sequence 
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variability, are called variable number tandem repeats (VNTRs). Indeed, in mycobacteria, the 

majority of the VNTR correspond to the so-called MIRUs (Mycobacterial Interspersed 

Repetitive Units) that are minisatellites structures composed of 51–77 bp sequences, scattered 

in 41 locations throughout the bacterial chromosome (Haddad et al., 2004). VNTR-PCR proved 

to be a robust, convenient, highly discriminatory technique, which is reproducible and 

appropriate for typing isolates of the MTC, including those with a low IS6110 copy number 

(Skuce et al., 2002).  

Regions of difference (RD) typing have been used as targets for PCR as a rapid species 

identification tool. RD typing can be exploited for species differentiation: RD9 is only present 

in the M. tuberculosis and M. canettii, which differentiates them for all other MTC members, 

and RD4 which is absent from all isolates of M. bovis. As a result, RDs and additional RDs 

have been reported: RD1mic, RD1das and RD2seal. Different approaches have been described 

for the use of three primers, two flanking and one internal (Mostowy et al., 2002), or four 

primers, two flanking and two internal primer pairs (Brosch et al., 2002), to assess the presence 

or absence of the RDs. Several combinations of PCRs targeting the different RDs have been 

recommended for species identification: Warren et al. (2006) have developed a multiplex PCR 

according to the previously described DNA sequences of the RD. Primer set 1 included RD1, 

RD4, RD9 and RD12 primers and primer set 2 included RD1mic and RD2seal primers. With 

this method, using primer set 1, it’s possible to differentiate between M. canettii, M. 

tuberculosis, M. caprae, M. bovis and M. bovis BCG. The subsequent PCR amplification with 

primer set 2 enables differentiation of M. africanum, M. microti and M. pinnipedii.  

Moreover, due to the unidirectional evolution of the RDs (Gordon et al., 1999), these markers 

are useful for the reconstruction of the evolution of the MTC and to define clonal groups within 

the MTC host-adapted members (Smith et al., 2011). Possible variability in RDs should be 

taken into account for deletion typing. Recently, differing results with the RD4 PCR have been 

described in an Eastern European M. caprae isolate, hinting at a possible partial deletion of the 

locus (Rodríguez et al., 2011). A multiplex real-time PCR assay targeting RD loci has recently 

been developed (Reddington et al., 2012). 
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I.3.4.2 Mycobacterium avium Complex 

When characterized and used in the proper context, the species-specific IS elements can be 

useful classification tools to distinguish subsets of the MAC (Dvorská et al., 2001; Bartos et al., 

2006; Shin et al., 2010). However, there are two problems: first, a number of IS elements have 

been uncovered in strains considered to be MAC organisms, but without adequate strain 

characterization, it is difficult to judge which organisms harbor such elements; second, IS 

elements are by nature mobile elements, so there is a risk that similar elements are found in 

unrelated bacteria because of mobility to or from MAC organisms (Turenne et al., 2007). 

For the identification of Mycobacterium avium and Mycobacterium intracellulare specific 

probes are available. Amplification of DNA targets DT1 and DT6 was considered equally 

sensitive for species identification (Devallois et al., 1996). Strains of MAC can be identified by 

serological procedures, on the basis of differences in the C-mycoside glycopeptidolipids 

(Dhama et al., 2011). 

Shin et al. (2010) designed a five-target multiplex PCR to discriminate MAC organisms 

isolated. This MAC multiplex was designed to amplify a 16S rRNA gene target common to all 

Mycobacterium species, a DNA target DT1 that is unique to M. avium subsp. avium serotypes 

2 and 3, to M. avium subsp. silvaticum, and to M. intracellulare, and three insertion sequences, 

IS900, IS901, and IS1311. The results for the pattern of amplification allowed to determine 

whether isolates were mycobacteria, or members of MAC, and to classify them into one of the 

three major MAC subspecies, M. avium subsp. paratuberculosis, M. avium subsp. avium, and 

M. avium subsp. hominissuis. 

MAP genome has revealed the presence of 17 IS900, 7 IS1311, and 3 IS1245 insertion 

elements. The IS900 element seems unique to MAP and has been widely used as a diagnostic 

tool to detect MAP in clinical samples from both animals and humans (Harris and Barletta, 

2001). However, Englund et al. (2002) recommended that a positive IS900 PCR should be 

confirmed by subsequent sequencing or by a PCR assay targeting another gene in MAP. In a 

study performed by Vansnick et al. (2004) two sets of newly developed PCR primers based on 

the insertion sequence IS900 and the unique sequence f57 were developed and the combination 

of the two PCR assays has proven to be useful for the identification of MAP. 
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Restriction fragment length polymorphism (RFLP) analysis of the IS900 element has been used 

as a molecular tool to type MAP isolates and allowed their division into different groups, 

associated to different host species (Turenne et al., 2007).  

The IS900 element is by far the most widely used target for the molecular detection of M. avium 

subsp. paratuberculosis and has been used in the form of direct PCR (Vansnick et al., 2004; 

Moravkova et al., 2008), in situ PCR (Sanna et al., 2000) nested PCR (Corti and Stephan, 2002; 

Stabel et al., 2002; Doosti and Moshkelani, 2010), and real-time PCR (Rajeev et al., 2005; 

Salgado et al., 2009; Pribylova et al., 2010). 

Other identification methods of M. avium species or its subspecies are PCR-REA (Godfroid  et 

al., 2005), sequence analysis of hsp65 (Turenne et al., 2006) or a strategy based on large 

sequence polymorphisms (Semret et al., 2006). Semret et al. (2006) evaluating the distribution 

of genomic polymorphisms across a panel of strains, verified that it was possible to assign 

unique genomic signatures to host-associated variants and based on these polymorphisms 

proposed a simple PCR-based strategy that can rapidly type M. avium isolates into these 

subgroups. 

Morakova et al. (2008) designed primers specific for the dnaJ gene in the M. avium species that 

allow amplification of the dnaJ gene in all isolates of all M. avium subspecies and the authors 

suggest using them as an internal standard in the multiplex PCR to control inhibition of the 

amplification, and consequently false negatives, because are highly specific for at least M. 

avium. The same team designed a fast and specific PCR strategy for the detection and 

differentiation of M. avium subspecies for use in routine veterinary diagnosis. They have 

developed a multiplex PCR based on IS900, IS901, IS1245 and the dnaJ gene. This method 

allows the detection of M. a. paratuberculosis, M. a. hominissuis and M. a. avium /M. a. 

silvaticum in one PCR reaction and theoretically enables the detection of mixed infections of 

M. a. paratuberculosis and M. a. avium or M. a. paratuberculosis and M. a. hominissuis.  
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I.4 Public health concerns 

The emergence of new infectious diseases in wildlife is the result of interactions between 

wildlife, domestic animals, and humans. Wild animals are susceptible to infection with many 

of the same disease agents that affect domestic animals, and transmission between wildlife and 

domestic animals can occur in both directions (Palmer, 2007). 

The mycobacteria present in the natural environment and in wildlife are a source of infection 

to humans, directly or via livestock. The susceptibility of HIV infected individuals to 

Mycobacterium spp. is of major concern to public health officials in developing countries where 

the acquired immune-deficiency syndrome is rampant (Biet et al., 2005; Buijtels et al., 2010; 

LoBue et al., 2010). 

 

I.4.1 Mycobacterium tuberculosis complex 

The bacillus of MTC infects an estimated 2 billion persons worldwide and it is estimated that 

1.5 to 2 million people die each year from TB (OIE, 2009). Ninety-five per cent of cases occur 

in people in developing countries. TB is one of the leading causes of infectious disease-related 

deaths worldwide (LoBue et al., 2010).  

Significant progress has been made toward the elimination of TB caused by MTC from humans 

in industrialized countries. However the development of drug-resistant (multidrug-resistant and 

extensively drug-resistant) strains has compromised the efficacy of TB treatment in humans 

and has markedly increased the cost associated with the use of multiple drug therapies (Zignol 

et al., 2006). It has been noted that certain conditions, such as HIV infection, diabetes, and 

silicosis predispose to TB. The large use of immune-suppressive drugs, has become a further 

risk factor for TB. Before starting immune-suppression, an accurate screening for latent TB 

infection with tuberculin skin testing and immunological tests, such as the interferon gamma 

release assays (IGRAs), is mandatory (Fallahi-Sichani et al., 2012). 

Tuberculosis in mammals, including humans, can be caused by any of the members of the MTC 

and in the context of One Health, as all members of the MTC can be transmitted between 

animals and humans (with the potential for spillback) and therefore warrant an interdisciplinary 

approach (Michel, 2014).  
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Mycobacterium bovis is by far the most important causative agent of TB in livestock and 

wildlife and is commonly referred to as bovine TB. However, Mycobacterium tuberculosis, 

which is primarily associated with TB in humans, has also been identified as an emerging threat 

to domestic and wildlife animal health, especially in countries where human TB is highly 

prevalent (Michel et al., 2010).  

Although Mycobacterium bovis or M. caprae infection currently accounts for only a small 

percentage of reported cases, and zoonotic TB was originally considered primarily as a disease 

of children where the disease involved the cervical lymph nodes (scrofula), the intestinal tract, 

or the meninges, it is now increasingly being recognized that infection in childhood is the 

precursor of reactivated adult disease and that many infected children may remain 

asymptomatic, undiagnosed, and untreated (Evans et al., 2007). M. bovis may affect humans of 

any age, and while the majority opinion is that human to human spread of M. bovis must be a 

very rare event, it does occur particularly amongst immunocompromised individuals (Evans et 

al., 2007; LoBue et al., 2010). O’Reilly and Daborn (1995) also referred a small outbreak of 

TB in The Netherlands in 1994 caused by M. bovis which likely involved transmission from 

human to human. 

The widespread distribution of M. bovis in farm and wild animal populations represents a large 

reservoir of this microorganism. The spread of the infection from affected to susceptible 

animals is most likely to occur when domesticated and wild animals share pasture or territory. 

Well-documented examples of such spread include infection in badgers (Meles meles) in the 

United Kingdom (Clifton-Hadley, 1996; Griffin et al., 2005), possums (Trichosurus vulpecula) 

in New Zealand (Caley et al., 1999; Ramsey and Efford, 2010), red deer in the Alps (Fink et 

al., 2015) and wild boar and red deer in Iberian Peninsula (Aranaz et al., 2004; Duarte et al., 

2008; Gortázar et al., 2011).  

Smith et al. (2004) reported, in the United Kingdom, the first documented case of spillover of 

bovine TB from animals to humans. The M. bovis isolated from cattle was indistinguishable 

from the isolates from the two siblings when examined by RFLP analysis, spoligotyping, and 

VNTR analysis, suggesting transmission between cattle and humans. Moreover, M. bovis 

infection had been previously diagnosed in a population of badgers on the farm, suggesting that 

cattle became infected through contact with badgers and that humans became infected through 

contact with cattle (Palmer, 2007). 
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Tuberculosis in humans due to M. bovis is both clinically and pathologically indistinguishable 

from cases caused by M. tuberculosis and the possible reasons for underdiagnosing M. bovis in 

humans are the diagnosis of pulmonary TB usually based on the AFB smear examination; Use 

of culture is generally reserved for suspected treatment failures and relapses and to measure the 

prevalence of drug-resistant TB (Thoen et al., 2006).  

The potential impact on population groups of M. bovis causing human TB at the highest risk 

should nevertheless not be underestimated. Exposure to aerosol-borne infection with M. bovis 

from cattle and wildlife populations remains highest in farmers, veterinary staff and rural, 

slaughterhouse workers, and humans through occupational or recreational exposure to wildlife 

(Michel et al., 2010).  

The introduction of ITT, which marked the beginning of systematic bovine TB control by 

detecting and eliminating M. bovis in combination with the implementation of compulsory milk 

pasteurization, probably constituted the biggest and most effective zoonotic TB control 

(Michel, 2014). 

 

I.4. 2 Mycobacterium avium complex 

Human exposure to MAC present in wildlife and in nature can occur by a variety of routes. 

Birds are major excretors of the agent in their faeces and the bacteria can persist in the soil and 

in water for long. Humans are continuously exposed at a low level (50 to 5000 bacilli per day). 

Contact with water, municipal or natural are also important routes for mycobacteria infection 

(Biet et al., 2005).  

Healthy humans have a low susceptibility to MAC infection and only a very small percentage 

of mycobacteria progress through to infection, but in immunocompromised individuals infected 

with HIV or leukaemia patients, treated with steroid therapy, chemotherapy or other 

immunosuppressive medication, MAC causes a variety of disorders including TB-like diseases 

(Arasteh et al., 2000; Biet et al., 2005). 

Since the advent of AIDS, HIV has become the major risk factor for MAC infection. Prior to 

the introduction of highly active antiretroviral treatment more than 40% of patients developed 

M. avium complex bacteremia two years after the AIDS diagnosis (Nightingale et al., 1992) 
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and a disseminated MAC infection was found in as much as 50% of autopsied AIDS patients 

(Wallace and Hannah, 1988; Salte et al., 2011). This has predominantly been attributed to the 

impairment of the adaptive part of the immune systems in HIV-1 infected individuals due to 

the loss of CD4+ T cells, as the susceptibility to opportunistic infections including M. avium 

infection is correlated with a decline in this cell type (Crowe et al., 1991). MAC usually 

produces clinical disease only when CD4+ are very low (< 50 cells/ml), which is seen in 4 to 5 

per cent of HIV infected patients (Katoch, 2004). A recent study showed that exposure of 

dendritic cells to HIV-1 promotes or facilitates the intracellular growth of M. avium (Salte et 

al., 2011). 

Signs and symptoms associated with MAC disease in AIDS cases are persistent high grade 

fever, high sweats, anaemia and weight loss in addition to nonspecific symptoms of malaise, 

anorexia, diarrhea, myalgia and occasional painful adenopathy (Katoch, 2004). In adults, 

infection is mainly pulmonary (Arasteh et al., 2000; Biet et al., 2005). 

Among the members of MAC, MAA is predominant (87-98%) in AIDS patients (Biet et al., 

2005) and the main route of infection is the gastrointestinal tract and M. avium is naturally 

tolerant to the low pH that exists in the stomach (Bodmer et al., 2000; Dhama et al., 2011).  

Epidemiology of MAC complex in patients without HIV infection remains somewhat difficult 

to determine since the disease is relatively uncommon, however preexisting pulmonary 

conditions, patients with current illness or immunosuppressive medication are considered the 

most important risk factors for MAC infection amongst patients without HIV infection. MAC 

was also reported as the most common pathogen causing post-transplant NTM disease (Bodle 

et al., 2008). Other factors are local traumas and surgical procedures injuries (Hellinger et al., 

1995). Chronic obstructive pulmonary disease, emphysema, pneumoconiosis, aspiration due to 

oesophageal disease, previous gastrectomy and chronic alcoholism are some of the conditions 

which have been linked to disease (Wallace and Hannah, 1988; Katoch, 2004). Disseminated 

MAC infection is more frequent in Caucasians compared with Hispanic or African-americans 

individuals. However, there are no differences related with age (Horsburgh and Selik, 1989; 

Modilevsky et al., 1989).  

In an epidemiological survey performed in patients without HIV infection, in USA from 2000 

to 2003, the rate of positive non-tuberculous cultures was 17.7 per 100,000 and the incidence 

of NTM in the respiratory tract disease was estimated in 2.0 per 100,000 and the disease in 
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anywhere in the human body in 2.7 per 100,000 (Bodle et al., 2008). Surveys conducted in 

Europe estimated the rate of disease anywhere in the human body to be 0.8-3.1 per 100,000 

(Henry et al., 2004; Maugein et al., 2005). Another recently published study showed that the 

patient´s lung disease was likely acquired by inhalation of aerosols while showering 

(Falkinham, 2011). Mycobacterium avium may reach the lungs by aspiration because a 

considerable percentage of patients with NTM disease have been found to experience 

gastroesophageal reflux disease (Koh et al., 2007; Hernández-Garduño and Elwood, 2012). 

In apparently healthy children, MAC is the most common of the nontuberculous mycobacteria 

infection (Thegerström et al., 2008) and is characterized by a chronic granulomatous 

lymphadenopathy in the neck region that preferably is treated by excision of the affected lymph 

node (Jindal et al., 2003; Thegerström et al., 2008). The main hypothesis of infection is that 

oral contact with M. avium-infected water courses (Primm et al., 2004; Thegerström et al., 

2008). 

Regarding therapeutics, M. avium is of special concern because drugs commonly used from 

treating TB in humans are not effective (Hoop, 1997) and MAC strains are resistant to isoniazid, 

the most popular anti-tuberculosis drug (Suzuki and Inamine, 1994; Dhama et al., 2011).  

The zoonotic potential of MAP has been debated for almost a century because of similarities 

between Crohn´s disease in humans and Johne´s disease in ruminants. More than 25 years later 

since MAP was first proposed as an etiologic agent in Crohn´s disease, based on the isolation 

of the organism from several patients, at this moment is not possible to know if MAP is a 

primary etiological agent or secondary invader and further research is need to understand the 

possible links between this agent and Crohn’s disease (Chiodini et al., 2012). 

Polymerase chain reaction has identified MAP in greater than 90% of biopsy specimens from 

Crohn´s patients (Bull et al., 2003) and viable MAP was detected in peripheral blood and sera 

in a higher proportion of individuals with Crohn’s disease (Naser et al., 2004; Bitti et al., 2012). 

However, traditional methods of detecting bacteria, culture and strain are largely ineffective in 

detecting MAP in humans. Bacteria are very difficult to culture and MAP is able to exist in a 

spheroplast in humans so it cannot be identified by Ziehl-Neelsen staining (Wall et al., 1993; 

Hines II and Styer, 2003; Sechi et al., 2004). Serological response to MAP in humans is also 

not conclusive (Bernstein et al., 2004). 
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There is a recent interest in MAP as an immune trigger of several autoimmune diseases (Dow, 

2006; D'Amore et al., 2010). Increasing evidence suggests a role for MAP in autoimmune 

diabetes (type I) (Dow, 2011; Bitti et al., 2012). It is postulated that this bacterium acts via 

molecular mimicry between its antigens (HSP65) and the pancreatic enzyme glutamic acid 

decarboxylase (GAD) (Rosu et al., 2008; Sechi et al., 2008a; Sechi et al., 2008b; Paccagnini et 

al., 2009; Rosu et al., 2009; Cossu et al., 2011). MAP was also linked to ulcerative colitis, 

irritable bowel syndrome, Hashimoto thyroiditis and multiple sclerosis (Dow, 2011). 

Other recent studies has associated MAP with Autism, through molecular mimicry to the heat 

shock protein HSP65, which stimulates antibodies that cross react with myelin basic protein, a 

common feature of autism (Dow, 2011); Blau syndrome, a systemic inflammatory disease and 

autossomal dominant, whose mutations are on the same gene on chromosome 16 (CARD 15) 

that confers susceptibility to Crohns´disease (Dow and Ellingson, 2010); and Sarcoidosis, 

which is a multisystemic granulomatous disease with many features in common with 

mycobacterial infection, and that, like Crohn´s disease, can be mimicked by slow bacterial 

infections (el-Zaatari et al., 1996; Oliveira-Filho et al., 2012). 
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I.5 Aims 

Considering the interplay between humans, livestock, wildlife and ecology in the epidemiology 

of mycobacteriosis, as well as the significant increase of tuberculosis-like lesions that have been 

observed in recent years in the post mortem inspection of wild boar and red deer hunting in 

central and south eastern Portugal, the main aim of this thesis was to contribute to the 

epidemiological characterization of mycobacteriosis infections in wild mammals in Portugal. 

With these purpose in mind we defined the following specific aims: 

 

- To identify the prevalence of zoonotic mycobacteria and non-zoonotic mycobacteria among 

wild mammals. 

- To screen a wide range of wildlife species from a mycobacteriosis-affected area in Portugal 

and examine them for evidence of Mycobacterium spp. infection. Of particular importance was 

to establish whether any other mammals, apart from red deer (Cervus elaphus) and wild boar 

(Sus scrofa), were potential reservoir hosts of mycobacteriosis, or likely to be important 

amplifying hosts of disease. 

- To estimate the prevalence of mycobacteriosis in wild mammals by microbiological (faecal 

and multiple tissue culture) and molecular methods (polymerase reaction chain - PCR) in tissue 

homogenates.  

- To identify the species of mycobacteria involved (Mycobacterium spp.) by molecular 

methods. 

- To investigate the occurrence of MAC antibodies in wild ungulates and wild carnivores. 

- To evaluate and characterize the histopathological lesions compatible with mycobacteriosis 

and evaluate the immunohistochemical expression of specific cell markers. 

- To study possible associations between the hosts and characteristic lesions. 
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- To identify the presence of protective factors and risk of MAP infection associated with 

individual characteristics and population in wild mammals. 

- To differentiate among other causes of granulomatous disease, e.g. Rhodococcus equi, 

Corynebacterium pseudotuberculosis and Nocardia spp., on the basis of bacteriology and 

molecular testing. 

. 

https://www.vetstream.com/equis/Content/Bug/bug00031.asp
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II.1: New Insights into Mycobacterium bovis prevalence in wild mammals in Portugal  

 

 

Chapter published as an original paper in a SCI journal:  

 

Matos, A.C., Figueira, L., Martins, M.H., Pinto, M.L., Matos, M., Coelho, A.C., 2014. New 

insights into Mycobacterium bovis prevalence in wild mammals in Portugal. Transboundary 

and Emerging Diseases doi:10.1111/tbed.12306. 
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Abstract 

 

A survey to determine the prevalence of Mycobacterium bovis in wild mammals in Portugal 

was conducted by testing samples from hunted animals and those found dead between 2009 and 

2013. In this study, we investigated 2116 wild mammals. Post mortem examinations were 

performed, and tissues were collected from wild mammals representing 8 families and 11 

different species, with a total of 393 animals analyzed. Cultures were performed, and acid-fast 

isolates were identified by PCR. Tissues were also screened for Mycobacterium bovis by 

directly extracting DNA and testing for the Mycobacterium bovis-specific sequences. 

Mycobacterium bovis prevalence was 26.9% (CI 95%: 22.8-31.5%). Mycobacterium bovis was 

recorded in 106 of the 393 studied species: prevalence by species were 26.9% (CI 95%: 16.8-

40.2%) in red fox, 20.0% (CI 95%: 7.0-45.2%) in Egyptian mongoose, 21.4% (CI 95%: 16.2 -

27.7) in wild boar and 38.3% (CI 95%: 29.9 -47.4%) in red deer. Mycobacterium bovis infection 

was detected in six of eight taxonomic families. For some species, the small samples sizes 

obtained were a reflection of their restricted range and low abundance, making estimates of 

infection prevalence very difficult (1 beech marten of 4; 1 Eurasian otter of 3; 2 common genet 

of 3). Infection was not detected in European badgers, hedgehog, wild rabbits and hare. The 

results of this study confirm the presence of Mycobacterium bovis infection in wild carnivores 

in Portugal. 

 

Key words: Culture; Mycobacterium bovis; PCR; Prevalence; Wild mammals 
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Introduction 

Mycobacterium bovis and closely related members of the Mycobacterium tuberculosis complex 

(MTC) infect many domestic and wildlife species across Europe (Meng et al., 2009, Hardstaff 

et al., 2013). Tuberculosis (TB) can be a serious conservation threat for wildlife because it can 

cause mortality and/or alter dispersal and movement patterns of infected animals (Scott, 1988). 

It is well recognised that M. bovis can infect multiple species, which together constitute a 

‘multi-host complex’ (Gortázar et al., 2011). 

In wild mammals, the M. bovis infections have been documented worldwide. Cases of infection 

have been reported in free-ranging wild carnivores, but there is limited data regarding the 

isolation and detection of the agent in this taxonomic order. Furthermore, the importance of 

different taxonomic families of Carnivora as reservoirs of M. bovis is not yet determined. The 

detection has been previously reported in wild canids in reservoirs worldwide, such as in coyote 

(Canis latrans) (Rhyan et al., 1995, VerCauteren et al., 2008), wolf (Canis lupus) (Carbyn, 

1982 ), grey fox (Urocyon cinereoargenteus) (Bruning-Fann et al., 2001) and red fox (Vulpes 

vulpes) (Martín-Atance et al., 2005, Delahay et al., 2007, Millán et al., 2008). Infection with M. 

bovis has also been previously demonstrated in wild boar and in red deer in Portugal (Parra et 

al., 2006, Santos et al., 2009, Vieira-Pinto et al., 2011, Muñoz-Mendoza et al., 2013). 

For the most effective control of M. bovis in domestic livestock and for wildlife protection, it 

is important to determine to what extent wildlife species may be reservoirs for M. bovis and to 

assess the impact of infection in wildlife. The aim of this study was to describe the prevalence 

in free ranging wild mammals in Portugal for M. bovis infection. 

 

Materials and methods 

Animals and samples 

In this study, a total of 2116 animals (1039 males and 1077 females) representing 14 different 

species belonging to nine families were subject to macroscopic examination. First we screened 

2019 game hunted animals (red deer, fallow deer, European mouflon, and wild boar) for lesions 
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and/or poor body condition. All animals that met these criteria (n=307) were sampled, and 

tissues and faeces were collected. We also studied 86 free-ranging wild mammals found dead 

(killed on roads or in other places). These animals were studied independently of their body 

condition or presence of lesions. An external examination of the road-killed and of carcasses 

found dead indicated that 90.7% were in good body condition and only 9.3% carcasses were in 

fair body condition. In total, 393 animals were screened for the presence of M. bovis in Idanha-

a-Nova (39°55′11″North, 7°14′12″West) and Penamacor (40°10′8″North, 7°10′14″West) in 

Castelo Branco, east-central Portugal, during the period 2009-2013.  

These 393 wild mammals representing 11 different species belonging to 8 families were subject 

to laboratory diagnosis of tuberculosis. Faecal and tissues samples from 79 carnivores from the 

Canidae family [Red foxes (Vulpes vulpes), n=52], Viverridae family [common genet (Genetta 

genetta), n=3], Herpestidae family [Egyptian mongoose (Herpestes ichneumon), n=15], 

Mustelidae family [Eurasian otter (Lutra lutra), n=3; European badger (Meles meles), n=2; 

beech marten (Martes foina) n=4], and other wild mammals from the Erinaceidae family 

[hedgehog (Erinaceus europaeus), n=2], the Leporidae family [wild rabbits (Oryctolagus 

cuniculus), n=4; hare (Lepus europaeus), n=1], the Suidae family [wild boar (Sus scrofa), 

n=192], and the Cervidae family [red deer (Cervus elaphus), n=115] were tested (Table 1). The 

minimum number of samples required to achieve an absolute precision of 5% with 95% CI was 

138. For an assumed prevalence of 10%, a sample size of 393 animals was appropriate. 

Different tissues were collected from each animal and subjected to mycobacterial culture, acid-

fast staining, polymerase chain reaction (PCR), and histopathological examination. The 

samples were mesenteric, retropharyngeal, and mediastinal lymph nodes, tonsils, lung, brain, 

liver, spleen, kidney, testicles and portions of the ileocecal valve and distal jejunum and ileum 

(intestine). A total of 4716 tissue samples were collected, using strict aseptic precautions 

between samples, and divided into three portions: two portions were frozen and stored at -80ºC 

for PCR assays and bacterial culture, and the other was immediately fixed in 10% neutral 

buffered formalin. Faeces (n=393) were also aseptically collected. 

Collection data such as location, sex, body condition and some other relevant features of the 

animals were recorded. Animals were aged by the evaluation of tooth eruption and replacement 

patterns. 

 



Chapter II ● Mycobacterium tuberculosis Complex (MTC) 

81 
 

Table 1.  

Occurrence and prevalence of Mycobacterium bovis by species for wild mammals collected and examined during 
the period between 2009 and 2013. 

Family Species Total 

collected 

n 

Total of 

positive a 

n 

Species 

Prevalence 

% 

95% CIb 

Canidae (n=52) Red fox (Vulpes vulpes) 52 14 26.9 16.8 -40.2 

Mustelidae (n=9) Beech marten (Martes foina) 4 1 __ __ 

Eurasian otter (Lutra lutra) 3 1 __ __ 

European badger (Meles meles) 2 0 __ __ 

Viverridae (n=3) Common genet (Genetta genetta) 3 2 __ __ 

Herpestidae (n=15) Egyptian mongoose (Herpestes 

ichneumon) 

15 3 20.0 7.0-45.2 

Erinaceidae (n=2) Hedgehog (Erinaceus europaeus) 2 0 __ __ 

Leporidae (n=4) Wild rabbits 

(Oryctolagus cuniculus) 

4 0 __ __ 

Hare (Lepus europaeus) 1 0 __ __ 

Suidae (n=192) Wild boar (Sus scrofa) 192 41 21.4 16.2 -27.7 

Cervidae (n=115) Red deer (Cervus elaphus) 115 44 38.3 29.9 -47.4 

Total  393 106 26.9 22.8 - 31.5 
aPositive in culture and/or PCR. bNot calculate for small samples 

 

Post mortem Examination and Histopathology 

The necropsy examination included detailed macroscopic inspection of lymph nodes and 

abdominal and thoracic viscera. An external examination of the hunted carcasses indicated that 

1712 animals (84.8%) were in good body condition and 307 (15.2%) carcasses were in fair 

body condition. The tracheobronchial and mediastinal lymph nodes and lungs were examined 

within the thorax. Within the abdomen, the hepatic, mesenteric and ileocaecal lymph nodes, 

ileocaecal valve, liver, kidneys and spleen were examined. Any gross lesions in other locations 

were also recorded. Lymph nodes were dissected and sectioned serially. Lesions in organs 

observed at closer laboratory examination were included to calculate the presence of gross 

lesions. Imprint preparations of all tissue samples and faeces were stained by the Ziehl-Neelsen 

(ZN) method to detect acid-fast bacilli (AFB). In each sample, at least 100 different fields were 

examined under an oil-immersion objective (100x). Tissue samples were fixed in a 10% neutral 

buffered formol-saline-solution by immersion. Fixed tissue samples were processed for 
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histopathology using routine techniques, and stained with haematoxylin and eosin and the ZN 

technique.  

 

Bacteriological culture 

Culture methodology was performed as described by Juste et al. (1991) and Aduriz et al (1995). 

Tissues and faeces from different organs of each animal were decontaminated using 0.75% 

(w/v) hexadecyl pyridinium chloride (HPC; Sigma-Aldrich, Milano 20151, Italy) for 18 h, and 

cultured, in duplicate using five specific media, supplemented with a mix of amphotericin B 

(50 mg/L), penicillin (100,000 U/L) and chloramphenicol (100 mg/L). The media used, in the 

study, were Löwenstein–Jensen solid media (L-J; Liofilchem, Roseto degli Abruzzi 64026, 

Italy), L-J medium with sodium pyruvate without glycerol, L-J medium with mycobactin J 

(Synbiotics Europe, France), Middlebrook 7H11 medium supplemented with OADC (oleic 

acid-albumin-dextrose-catalase) (Becton-Dickinson, Franklin Lakes, New Jersey, USA) and 

Middlebrook 7H11 medium supplemented with OADC and sodium pyruvate without glycerol. 

All culture media were incubated at 37ºC for 6 months, and checked every week for 

mycobacterial growth or contamination with undesirable microorganisms. Colonies with 

compatible mycobacterial morphology were tested for acid fastness bacilli by the Ziehl-Neelsen 

stain of smears method. The mycobacterial isolates were tested for M. bovis confirmation by 

the PCR methods described above.  

The samples collected for bacteriological examination were grouped in pools of four samples 

each (head, thorax, carcass and abdomen pools) which resulted in 1572 pools to be further 

analyzed. Faeces and suspect gross TB lesions, were processed separately. Positive pools and 

negative pools on culture, but positive on PCR were repeated with individual samples. 

 

DNA isolation 

Total genomic DNA was extracted from samples with a commercial DNA isolation kit (DNeasy 

Blood & Tissue® Kit; Qiagen, 40724 Hilden, Germany) and stored at -20ºC until used as the 

template in PCR assays. DNA from bacteria isolated on tissue culture was extracted by taking 

a loop-full from a culture, and then transferred to a microcentrifugal vial containing 100 l 10 
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mM Tris-HCl/Triton X-100 1%/1 mM EDTA (TTE) and incubated for 20 min at a temperature 

of 95ºC. After centrifugation the supernatant was stored at -20ºC until used.  

 

Polymerase chain reaction (PCR) 

All the samples were first tested by a modified 16S rDNA PCR (Moravkova, et al. 2008). This 

assay allows the identification of DNA from bacteria from the genus Mycobacterium and the 

differentiation between M. avium and M. intracellulare. The PCR amplification reaction was 

performed in a total volume of 20 µL containing 2 µL of isolated DNA, 1 µL of each primer 

(10 mM) and 10 µL of Taq PCR Master Mix® (Qiagen, Germany). Specific primers for this 

assay were used and 2 µL of isolated DNA (from tissues or from bacterial culture) were added 

to each PCR reaction, except the negative control. The PCR conditions were: 94ºC, 1 min; 30 

cycles of 94ºC, 1 min; 62ºC, 2 min; 72ºC, 1 min; and 72ºC, 10 min. When Mycobacterium 

genus were identified a second PCR reaction was done to detect MTC (a 372 bp fragment) 

based on Cousins et al. (1991) assay. PCR amplification reaction was performed in a total 

volume of 20 µL using the Taq PCR Master Mix Kit ® (Qiagen, Germany) and two specific 

primers. Three µL of isolated DNA (from tissues or from bacterial culture) were added to each 

PCR reaction, except the negative control. The PCR conditions were: 96ºC, 2 min; 35 cycles of 

94ºC, 30 sec; 60ºC, 1 min; 72ºC for 2 min; and 72ºC, 10 min. 

These organisms were identified as M. bovis by multiplex PCR method to differentiate MTC 

members based on Warren et al. (2006). Primer set 1 included RD1, RD4, RD9 and RD12 

primers and primer set 2 included RD1mic and RD2seal primers. PCR amplification reaction 

for set 1 was performed in a total volume of 40 µL and for set 2 was performed in a total volume 

of 20 µL using the Taq PCR Master Mix Kit, the  specific primers (1 µL of each) and 5 µL of 

DNA (set 1) and 3 µL (set 2). The PCR conditions were as described by Warren et al. (2006). 

Fifteen microliters of the reaction product was mixed with loading buffer and subjected to 

electrophoresis on a 3% agarose gel at 100 V for 30 min. Gels were stained with ethidium 

bromide and photographed on a UV transilluminator. 

The samples collected for PCR analyses were also grouped in pools of four samples each (head, 

thorax, carcass and abdomen pools) which resulted in 1572 pools to be further analyzed. 
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Suspect gross TB lesions, were processed separately. Positive and negative pools on PCR, but 

positive on culture were repeated with individual samples. 

 

Data analysis 

For the purpose of this study, a mammal was classified as infected if M. bovis was isolated from 

at least one tissue by culture or detected by direct PCR. Chi-squared (χ2) tests were used to 

compare demographic variables and infection. Analyses were done with Statistical Package for 

the Social Sciences (SPSS®) 19.0 software for Windows (IBM Corp Released Armonk, NY, 

USA) considering P < 0.05 as significant. 

 

Results 

Prevalence and occurrence 

Mycobacterium bovis prevalence was 26.9% (CI 95%: 22.8-31.5%), Mycobacterium bovis was 

recorded in 106 of the 393 studied species. Prevalence in carnivores was 26.6% (CI 95%: 18.1-

37.3%). Prevalence by species were: 26.9% (CI 95%: 16.8-40.2%) in red fox, 20.0% (CI 95%: 

7.0-45.2%) in Egyptian mongoose, 21.4% (CI 95%: 16.2-27.7) in wild boar and 38.3% (CI 

95%: 29.9-47.4%) in red deer. For some species, the small samples sizes obtained were a 

reflection of their restricted range and low abundance, making estimates of infection prevalence 

very difficult (1 of 4 beech marten; 1 of 3 otter and 2 of 3 common genet). Infection was not 

detected in European badger, hedgehog, wild rabbit and hare. Mycobacterium bovis infection 

was detected in six of eight taxonomic families: Occurrence and prevalence for all species 

examined is present in Table 1. 

Prevalence of infection was 84.0% (95% CI: 75.9-89.8%) in adults and 16.0% (95% CI: 10.2-

24.2%) in juveniles. This difference was statistically significant (P = 0.020). The prevalence 

values among males and females were 52.8% (95% CI: 43.4-62.0%) and 47.2% (95% CI: 37.9-

56.6%), respectively (P = 0.685). Frequency of M. bovis in confirmed cases by age and sex are 

presented in Table 2. 
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Table 2.  

Frequency of Mycobacterium bovis in confirmed cases by age and sex. 

 Males  Females 
Species Juveniles 

n 
Adults 
n 

 Juveniles 
n 

Adults 
n 

Red fox (Vulpes vulpes) 3 8  1 2 

Beech marten (Martes foina)  1    

Eurasian otter (Lutra lutra)     1 

Egyptian mongoose (Herpestes ichneumon) 1    2 

Common genet (Genetta genetta)     2 
European badger (Meles meles)      

Hedgehog (Erinaceus europaeus)      

Wild boar (Sus scrofa) 6 13  5 17 

Red deer (Cervus elaphus)  24  1 19 

Total 10 46  7 43 

 

During the post mortem examination, macroscopic lesions consistent with a M. bovis infection 

were detected in 222 (56.5%) animals. These animals tested positive by either direct PCR or 

culture in 76 (19.3%). 6.6% of these lesions yielded only positive culture results and, 4.3% of 

these lesions were also positive for direct PCR. Mycobacterium bovis infection was detected by 

microbiological culture or direct PCR in 30 out of 171 (17.5%) mammals without visible lesions 

(Table 3).  

Of the 393 studied species, Mycobacterium bovis infection was detected only by 

microbiological culture in 33 (8.4%) wild mammals and only by PCR in 54 (13.7%) wild 

mammals. Both tests were positive in 19 (4.8%) animals (Table 3). 
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Table 3. The frequency of carcasses falling into different test result categories. 

 
 
 
 
 
Species 

No 
visible 
lesions 
Culture 
negative 
PCR 
negative 

No 
visible 
lesions 
Culture 
positive 
PCR 
negative 

No 
visible 
lesions 
Culture 
negative 
PCR 
positive 

No 
visible 
lesions 
Culture 
positive 
PCR 
positive 

Visible 
lesions 
Culture 
negative 
PCR 
negative 

Visible 
lesions 
Culture 
positive 
PCR 
negative 

Visible 
lesions 
Culture 
negative 
PCR 
positive 

Visible 
lesions 
Culture 
positive 
PCR 
positive 

Red fox 
(Vulpes vulpes) 

38 2 10 1 0 0 1 0 

Beech marten 
(Martes foina) 

3 0 1 0 0 0 0 0 

Common genet 
(Genetta genetta) 

1 0 2 0 0 0 0 0 

Eurasian otter 
(Lutra lutra) 

2 0 0 0 0 0 0 1 

Egyptian mongoose 
(Herpestes ichneumon) 

12 1 2 0 0 0 0 0 

European badger 
(Meles meles) 

1 0 0 0 1 0 0 0 

Hedgehog  
(Erinaceus europaeus) 

2 0 0 0 0 0 0 0 

Wild rabbit 
(Oryctolagus 

cuniculus) 

4 0 0 0 0 0 0 0 

Hare 
(Lepus europaeus) 

1 0 0 0 0 0 0 0 

Wild boar 
(Sus scrofa) 

65 4 5 1 85 13 12 7 

Red deer 
(Cervus elaphus) 

12 0 1 0 60 13 20 9 

Total n 
(%) 

141 
(35.9%) 

7 
(1.8%) 

21 
(5.3%) 

2 
(0.5%) 

146 
(37.2%) 

26 
(6.6%) 

33 
(8.4%) 

17 
(4.3%) 

 

Histopathology 

Histopathology allowed us to confirm the presence of tuberculosis lesions in a total of 68 

animals, namely in wild boars and deer (68/333, 20.4%). In red deer, these lesions were most 

frequently observed in the mesenteric lymph nodes, but lesions affecting the retropharyngeal 

lymph nodes, submandibular glands and kidneys were also observed. In wild boars, the lesions 

typically found in the retropharyngeal lymph nodes, were always multifocal and ranged from 

occasional proliferative lesions, with <1 cm to large areas of granulomatous lesions, more than 

1 cm in diameter, of either necrotic or necrotic calcified granulomas (Figure 1a, b, respectively). 

The presence of lymphocytes (96.4%) (Figure 1c) and caseous necrosis was the most common 

feature. Macrophages were also abundant, and multinucleated giant cells were observed in most 

of the granulomatous lesions (Figure 1c, d). In deer, lesions consisted of granulomas, which 
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varied in size from microscopic to up to 1cm in diameter in the cases with a solitary lesion. 

Langhans multinucleated giant cells and calcification were not so frequently observed when 

compared to the lesions in wild boars. Additionally, some of the animals presented liquefactive 

necrosis at the centre of the granulomatous lesions, in which cases neutrophils were also 

observed surrounding the necrotic debris (Figure 1e,f). 

 

 

 

 

 

 

 

 
Figure 1. Macroscopic and microscopic 
features of the granulomatous lesions in the 
mesenteric lymph nodes of wild boars (a, c, 
and e), and the kidneys of deer (b, d, and f). 
The granulomas were composed of a necrotic 
centre (c and d), which could be calcified in 
some lesions (c). The inflammatory infiltrate, 
composed mainly of lymphocytes, 
surrounded the necrotic centre and often 
presented multinucleated giant cells (e and 
f).Hematoxylin and eosin stain. Original 
magnification: 1c and 1d, 100x; 1e, 200x; 1f, 
400x. 

 
 

Molecular identification and Bacteriology 

Mycobacterium bovis was detected in 111 tissues out of 4716 by PCR techniques (2.36%; 95% 

CI: 1.96-2.83%). Mycobacterium bovis was most frequently in the mesenteric lymph node 

(0.76%; 36 of 4716) and in the kidney (0.61%; 29 of 4716) by molecular methods.  

In total, 212 tissues of 4716 (4.49%; 95% CI: 3.94-5.12%) were positive by culture. Culture 

positive samples came from twelve different types of samples tissues. Mycobacterium bovis 

was most frequently cultured from mesenteric lymph nodes (0.93%; 44 out of 4,716), 

retropharyngeal lymph nodes (0.74%; 35 out of 4,716). Mycobacterium bovis was cultured from 

seven sample faeces out of 393 (1.78%; 95% CI: 0.09-3.63%). 
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In our study, the overall rate of isolation of M. bovis was 4.5% (212/4716) from tissues and 

1.8% (7/393) from faeces, which was isolated on L-J or Middlebrook® 7H11 or both. Among 

the 4716 tissue samples, M. bovis was isolated in 204 cases (4,3%) by the L-J medium 

supplemented with sodium pyruvate without glycerol and in 34 cases (0.7%) by the 

Middlebrook 7H11 medium supplemented with OADC and sodium pyruvate without glycerol. 

In 393 fecal samples, M. bovis was isolated in seven cases (1.5%) by L-J medium and in one 

case (0.25%) by the Middlebrook 7H11 medium. However, this may also be an underestimation 

of the isolation rate, because the culture of the tissue and faeces for M. bovis required 

decontamination of the sample with HPC, which is known to have some degree of toxicity for 

M. bovis (Corner et al., 1995). This could effectively decrease the sensitivity of the culture 

method.  

Acid-fast bacilli (AFB) were detected in 540 tissues of 4716 (11.45%) and 135 faeces of 393 

(34.35%) by ZN Staining. Acid-fast bacilli was most frequently in the mesenteric lymph node 

(2.16%; 102 of 4716) and in the retropharyngeal lymph nodes (1.61%; 76 of 4716) by ZN 

Staining. The distribution of direct PCR, culture and ZN positive results by tissues and faeces 

are presented in Table 4. 

 

Table 4. Distribution of positive results in 4716 individual tissues samples and 393 faeces samples of 393 wild 
mammals by diagnostic method. 

 

Tissue examined 

Culture Positive 

n (%) 

PCR Positive 

n (%) 

Ziehl-Neelsen Positive 

n (%) 
Mediastinal lymph nodes 23 (0.49) 11 (0.23) 65 (1.38) 
Retropharyngeal lymph nodes 35 (0.74) 7 (0.15) 76 (1.61) 
Mesenteric lymph nodes 44 (0.93) 36 (0.76) 102 (2.16) 
Ileocecal valve 22 (0.47) 5 (0.11) 39 (0.83) 
Intestine (Jejunum and/or Ileum) 25 (0.53) 3 (0.06) 36 (0.76) 
Tonsils 9 (0.19) 6 (0.13) 32 (0.68) 
Lung 24 (0.51) 6 (0.13) 72 (1.53) 
Liver 4 (0.08) 2 (0.04) 12 (0.25) 
Spleen 5 (0.11) 2 (0.04) 17 (0.36) 
Kidney 13 (0.28) 29 (0.61) 70 (1.48) 
Brain 7 (0.15) 4 (0.08) 19 (0.40) 
Testicles 1 (0.02) 0 (0.00) 0 (0.00) 
Total of Positive Tissues 212 (4.49) 111 (2.36) 540 (11.45) 
Faecesa 7 (1.78) ___ 135 (34.35) 
Total of Positive Results 219 (4.29) 111 (2.36) 675 (13.21%) 

aNot examined by PCR 
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Discussion 

This study provides information on the M. bovis status of wild mammals in Portugal, confirming 

the presence of M. bovis in these animal populations. 

The present study represents the first systematic survey for M. bovis in wild mammals in 

Portugal to date. Infection was previous identified in Portugal in wild ungulates, such as wild 

boar and deer (Santos et al., 2009, Vieira-Pinto et al., 2011), in Egyptian mongoose (Matos et 

al., 2013) and in red fox (Matos et al., 2014). However, there is currently little information 

available on the prevalence and epidemiology of M. bovis among wild mammals in Portugal or 

the possible implications of these reservoirs of infection for bovine tuberculosis. Additionally, 

the occurrence of M. bovis infection in some wild mammals represents new records in Portugal. 

In fact, there has never been a previous report of M. bovis infection in beech marten, Eurasian 

otter and common genet; in other words, this study is also the first report of M. bovis in these 

species in Portugal. 

In the present study, small sample sizes for species resulted in the inability to calculate 

prevalence estimates in some species. However, the results indicate evidence of infection in 

these species. Given the high proportion of positive samples, it appears that M. bovis infection 

is relatively common among wild mammals in Portugal. The population size of different 

wildlife species should also be taken into account. For some species, the small sample sizes 

obtained were a reflection of their restricted range and low relative abundance, for example the 

Eurasian otter (Ruiz-Olmo et al., 2011) and for the less abundant species such as common genet. 

Infection is endemic in European badgers in some areas of the world (Corner et al., 2012) and 

European badgers may be a potential reservoir of M. bovis infection in the Iberian Peninsula 

(Balseiro et al., 2011, Balseiro et al., 2013). No evidence of infection was detected in European 

badger, but only two animals were examined; therefore it is not possible to determine whether 

infection occurs in this species. 

As would be expected for a chronic disease such as tuberculosis, the prevalence of the infection 

was greater in the adult species. The high prevalence of M. bovis in the adult population 

suggests that is probably not a significant cause of morbidity or mortality (García-Sánchez et 

al., 2007). The proportion observed in juveniles can be associated with the fact that young wild 
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animals live under high-stress conditions, are highly mobile and in constant search of food, 

including scavenging, and so poor body condition is fairly common (García-Sánchez et al., 

2007). 

Prevalence was very similar among males and females. This was surprising because it had been 

expected that prevalence would be higher in females due to their especially gregarious 

behaviour, as observed in such species as wild boar and deer (Fernández-Llario et al., 1996). 

Reports of mycobacterial infection in free-living carnivore species are rare. The source of 

infection in carnivores is unknown, but the red foxes’ natural diet includes small mammals like 

voles, rabbits and ungulates. Carnivores most probably get infected after scavenging on infected 

wild ungulate carcasses (Millán et al., 2008). In Europe, M. bovis has been previously reported 

in several wild ungulate species, including red deer (Cervus elaphus), roe deer (Capreolus 

capreolus) (Zanella et al., 2008a) and fallow deer (Dama dama) (Martín-Hernando et al., 2010, 

Gortázar et al., 2006) as bovine tuberculosis was previously reported in wild ungulates in the 

studied area (Santos et al., 2009, Vieira-Pinto et al., 2011).  

In this study, we found high prevalence in red deer. Wild ungulates such as deer and wild boar 

display high prevalence rates of tuberculosis (Aranaz et al., 2004, Vicente et al., 2006) and are 

believed to be reservoirs of the infection in the south of Europe (Gortázar et al., 2006, Hardstaff 

et al., Naranjo et al., 2008, Gortázar et al., 2012). However, all red deer in this study were 

hunted and most animals had poor body condition, which had made them more vulnerable prey. 

Previous studies carried out in Portugal have indicated a prevalence of 22.2% in wild boar in 

the area studied (Santos et al., 2009). This value is very similar to and in agreement with our 

results, 21.4%. Previous studies have indicated that wild boar posed the greatest hazard of all 

the wildlife species, indicating that these animals have the greatest ability to transmit the disease 

to cattle (Hardstaff et al., 2013). Wild boars are very susceptible to infection by M. bovis, so 

repeated contacts with the agent are probably not necessary for the animals to develop infections 

(Muñoz-Mendoza et al., 2013). 

The pathological effects of M. bovis infection vary widely between host species (Zanella et al., 

2008b, Martín-Hernando et al., 2010). Consequently, in the present study, a variety of tissues 

and organs were collected for microbiological culture and PCR detection. Given that a high 

portion of positive cases did not present any visible lesions, the presence of lesions alone is not 
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a good predictor of M. bovis infection in wild carnivores (Gavier-Widen et al., 2009). The lack 

of gross lesions and histological lesions in tissues from the majority of infected animals may be 

related to the phase of the infection, or to the potential resistance to M. bovis in these species.  

In this study, all positive acid-fast bacilli results were confirmed by culture and/or direct PCR 

from corresponding tissues, indicating good specificity of Ziehl-Neelsen (ZN) staining. ZN 

staining is a procedure to evidence specifically the cell wall of the bacillus, is cheap and easy 

to carry out, but it does not differentiate the members of MTC from other AF microorganisms. 

All mycobacteria are Ziehl-Neelsen positive and mycobacteria belonging to Mycobacterium 

avium complex or to other environmental mycobacteria species may be present in the sample, 

but the results of culture and PCR revealed that in this study they were true positives and showed 

that ZN is a good test to predict positivity in culture and PCR. 

The finding of wild mammals with generalised detection of the organs and without lesions 

suggests that these animals act as asymptomatic carriers. 

The high prevalence of culture and PCR positive results in mesenteric, retropharyngeal lymph 

nodes, ileocecal valve and intestine tissues suggests that the primary route of transmission of 

infection is via the digestive tract and strongly suggesting oro-nasal and faecal excretion. The 

isolation and detection of M. bovis in multiple tissues (mesenteric lymph nodes, brain, spleen, 

kidney, and lungs) is evidence of a true infection, not a “passing-through” of recently ingested 

microorganism (Martín-Hernando et al., 2007). Disagreement between histological and culture 

results were previously reported (Fitzgerald et al., 2000). 

Detection of M. bovis in kidneys strongly suggests excretion by urine. The kidneys have been 

previous identified as a predilection site for M. bovis (Gallagher et al., 1976, Little et al., 1982; 

Clifton-Hadley et al., 1993; Corner et al., 2012). Our results, have supported that contention. 

As a consequence, surveys of naturally infected wild mammals that rely only on culture of 

faeces or tissues of traditional organs (such as just lymph nodes and lungs) will significantly 

underestimate the number of infected animals. 

Our results are in agreement with previous studies that reported that a PCR method for detecting 

tuberculosis in wildlife was less sensitive than culture (Hénault et al., 2006) and this study 

suggest that culture media of Löwenstein-Jensen® with pyruvate is more effective for the 
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isolation of wildlife strains in Portugal. There was an improvement in the diagnosis of 

tuberculosis when a combination of ZN, culture and PCR techniques was used in this study. 

The culture/PCR findings suggest that an exhaustive pathological study of culture and PCR in 

different tissues increases prevalence and that we may have missed infected wild mammals by 

only using culture. The gold standard for tuberculosis diagnosis is post mortem examination 

with bacteriological confirmation (Gortázar et al., 2008). In this study, 12 different tissues were 

added. Sampling additional tissues increased the sensitivity (Crawshaw et al., 2008). 

The higher prevalence in culture and tissues in our study resulted from the more intensive 

examination of a greater number of tissues. Similar benefits from other intensive examinations 

have been reported (Crawshaw et al., 2008, Murphy et al., 2010, Corner et al., 2012). 

The results suggest that M. bovis circulates widely in the studied area, which is a serious concern 

for wildlife. Our findings have also revealed a public health concern because veterinarians and 

other professional workers, as well as hunters who come into contact with these species, have 

a high risk of being infected when handling infected samples and tissues (Millán et al., 2008). 

This study is the first to show that M. bovis infection is present in Mustelidae and Viverridae 

families in Portugal and it provide novel insights into the epidemiology and the current status 

of M. bovis infection; it has demonstrated that infection is common among several species of 

wild mammals in Portugal.  
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Abstract 

 

A total of 49 road-killed red foxes were used for the detection of Mycobacterium tuberculosis 

complex (MTC) in Portugal. MTC infection was detected by PCR in 10 red foxes (20.4%; 95% 

confidence interval [CI] 8.8-31.2%) and confirmed in three (6.1%; 95% CI 0.0-7.9%) of them 

by microbiological culture .The complex was detected in 20 tissues out of 441 by PCR 

techniques (4.5%; 95% CI 16.3-23.7%) and in seven tissues out of 441 (1.6%; 95% CI: 4.6-

9.4%) by culture. MTC was most frequently detected in the brain (8.2%) and in the mediastinal 

lymph nodes (8.2%). The seven cultures obtained were positive for M. bovis by PCR-based 

genotyping of the MTC targeting genomic deletions. This study confirms the presence of 

disseminated M. bovis in red foxes in Portugal, and it is the first report in the world of the 

natural infection in the animals’ brains.  

Key words: Epidemiology; Mycobacterium tuberculosis Complex; Red foxes 
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Introduction 

Mycobacterium tuberculosis complex (MTC) includes Mycobacterium tuberculosis, M. bovis, 

M. caprae, M. africanum, M. pinnipedii, and M. microti. These species exhibit similar genetic 

homology but differ considerably in their host range and pathogenicity; most of them are 

zoonotic agents (Palgrave et al., 2012). There are few reports of MTC in foxes (Bruning-Fann 

et al., 2001, Delahay et al., 2007, Millán et al., 2008). In animals, the infection caused by these 

agents has only reported in the brain of rabbits, mice, and pigs in an experimental model 

infection (Hernandez Pando et al., 2010). In humans, tuberculosis infections of the central 

nervous system, caused by M. tuberculosis, are a serious and often fatal disease, predominantly 

impacting young children (Bartzatt, 2011). This is a severe type of extrapulmonary disease that 

is thought to begin with respiratory infection, followed by hematogenous dissemination and 

brain infection (Hernandez Pando et al., 2010).  

The detection of MTC members has been previously reported in wild canids in reservoirs 

worldwide, such as in coyote (Canis latrans) (Rhyan et al., 1995, VerCauteren et al., 2008), 

wolf (Canis lupus) (Carbyn, 1982 ), gray fox (Urocyon cinereoargentus) (Bruning-Fann et al., 

2001) and red fox (Vulpes vulpes) (Martín-Atance et al., 2005, Delahay et al., 2007, Millán et 

al., 2008). 

The aim of this study was to screen free-ranging red foxes for MTC infection. This was done 

in response to concerns about the prevalence of MTC in wild mammals in the central region of 

Portugal. 

 

Material and methods 

Between 2009 and 2012, post mortem examinations were performed on 49 red foxes (V. vulpes) 

(12 juveniles and 37 adults; 31 males and 18 females) killed on roads in Idanha-a-Nova 

(39°55′11″North, 7°14′12″West) and Penamacor (40°10′8″North, 7°10′14″West) in Castelo 

Branco, east-central Portugal. Location, sex, and approximate age data were collected for each 

animal. 
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At necropsy, samples of the lungs, tonsils, brain, kidney, liver, spleen, intestine and 

retropharyngeal, tracheobronchial, mediastinal and mesenteric lymph nodes were collected for 

microbiological culture, molecular studies, and histopathology. Samples for culture and direct 

PCR were frozen before processing. Samples were fixed in 10% neutral buffered formalin and 

processed routinely stained with Haematoxylin & Eosin and by the Ziehl-Neelsen method for 

acid-fast bacilli (AFB). 

Culture methodology was performed as described by Juste et al. (1991) and Aduriz et al. (1995). 

Tissues from different organs of each animal were decontaminated using 0.75% (w/v) 

hexadecyl pyridinium chloride (HPC; Sigma-Aldrich, Italy) for 18 h and cultured in duplicate 

using five specific media, supplemented with a mix of amphotericin B (50 mg/L), penicillin 

(100,000 U/L) and chloramphenicol (100 mg/L). The media used, in the study, were 

Löwenstein–Jensen solid media (L-J; Liofilchem, Italy), L-J medium with sodium pyruvate 

without glycerol, L-J medium with mycobactin J (Synbiotics Europe, France), Middlebrook 

7H11 medium supplemented with oleic acid-albumin-dextrose-catalase (OADC; Becton-

Dickinson, USA), and Middlebrook 7H11 medium supplemented with OADC and sodium 

pyruvate without glycerol. All culture media were incubated at 37ºC for 6 months, and checked 

every week for mycobacterial growth or contamination with undesirable microorganisms. 

Total genomic DNA was extracted from samples with a commercial DNA isolation kit (DNeasy 

Blood & Tissue® Kit, Qiagen, Germany) and stored at -20ºC until used as the template in PCR 

assays. DNA from bacteria isolated on tissue culture was extracted by taking a loop-full from 

a culture, and then transferred to a microcentrifugal vial containing 100 L 10 mM Tris-

HCl/Triton X-100 1%/1 mM EDTA (TTE) and incubated for 20 min at a temperature of 95ºC. 

After centrifugation, the supernatant was stored at -20ºC until used. 

All of the samples were first tested by a modified 16S rDNA PCR (Moravkova et al., 2008). 

This assay allows the identification of DNA from bacteria from the genus Mycobacterium and 

the differentiation between M. avium and M. intracellulare. The PCR amplification reaction 

was performed in a total volume of 20 µL containing 2 µL of isolated DNA, 1 µL of each primer 

(10 mM), and 10 µL of Taq PCR Master Mix (Qiagen, Germany). Specific primers for this 

assay were used and 2 µL of isolated DNA (from tissues or from bacterial culture) were added 

to each PCR reaction, except the negative control. The PCR conditions were 94ºC for 1 min, 

30 cycles of 94ºC for 1 min, 62ºC for 2 min, 72ºC for 1 min, and 72ºC for 10 min. 



Chapter II ● Mycobacterium tuberculosis Complex (MTC) 

101 
 

When members of the Mycobacterium genus were identified, a second PCR reaction was done 

to detect MTC (a 372 bp-fragment) on the basis of assay of Cousins et al. (1991). The PCR 

amplification reaction was performed in a total volume of 20 µL using the Taq PCR Master 

Mix Kit and two specific primers. Three microliters of isolated DNA (from tissues or from 

bacterial culture) were added to each PCR reaction, except the negative control. The PCR 

conditions were 96ºC for 2 min, 35 cycles of 94ºC for 30 sec, 60ºC for 1 min, 72ºC for 2 min, 

and 72ºC for 10 min. 

These organisms were identified by multiplex PCR method to differentiate MTC members 

based on Warren et al. (2006). Primer set 1 included RD1, RD4, RD9, and RD12 primers and 

primer set 2 included RD1mic and RD2seal primers. PCR amplification reaction for set 1 was 

performed in a total volume of 40 µL and for set 2 was performed in a total volume of 20 µL 

using the Taq PCR Master Mix Kit (Qiagen), the specific primers (1 µL of each) and 5 µL of 

DNA (set 1) and 3 µL (set 2). The PCR conditions were as described by Warren et al. (2006). 

Fifteen microliters of the reaction product was mixed with loading buffer and subjected to 

electrophoresis on a 3% agarose gel at 100 V for 30 min. Gels were stained with ethidium 

bromide and photographed on an UV transilluminator. 

 

Results and Discussion 

MTC infection was detected by PCR in 10 red foxes (20.4%; 95% confidence interval [CI] 8.8-

31.2%) and confirmed in three (6.1%; 95% CI 0.0-7.9%) of them by microbiological culture. 

Culture is still the gold standard in MTC diagnosis. MTC was recorded in two juvenile males, 

seven adult males, and one adult female. External examinations of the carcasses indicated that 

six were in good body condition and four were in fair body condition. All the 10 animals showed 

AFB in different tissues. PCR detected MTC in tissues of seven animals that could not be 

confirmed by culture isolates. In total, the complex was detected in 20 tissues out of 441 by 

PCR techniques (4.5%; 95% CI 16.3-23.7%). The complex was detected most frequently in the 

brain (8.2%; 4 out of 49) and in the mediastinal lymph node (8.2%; 4 out of 49) by molecular 

methods. 
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In total, seven tissues out of 441 (1.6%; 95% CI 4.6-9.4%) were positive by culture. MTC 

bacteria were grown from tissues from three animals, all PCR positive. Culture positive samples 

came from five different types of tissues, and PCR-positive samples came from eight different 

types of tissues (Table 1). From the four brain samples belonging to four different animals that 

exhibited positive amplification of MTC, three were confirmed by culture isolates. In one of 

them, infection was also confirmed in the lungs. 

 

Table 1 

Distribution of positive results in 441 tissues of 49 red foxes by diagnostic method. 

 

 

Tissue examined 

Culture positive 
n (%) 

PCR positive 
n (%) 

Ziehl-Neelsen positive 
n (%) 

Mediastinal lymph nodes 0 (0.0) 4 (0.9) 13 (2.9) 

Retropharyngeal lymph nodes 0 (0.0) 2 (0.5) 10 (2.3) 

Ileocecal valve 1 (0.2) 2 (0.5) 8 (1.8) 

Ileum 1 (0.2) 0 (0.0) 5 (1.1) 

Tonsils 0 (0.0) 3 (0.7) 11 (2.5) 

Lung 1 (0.2) 3 (0.7) 9 (2.0) 

Liver 0 (0.0) 1 (0.2) 4 (0.9) 

Kidney 1 (0.2) 1 (0.2) 12 (2.7) 

Brain 3 (0.7) 4 (0.9) 9 (2.0) 

    Total  7 (1.6) 20 (4.5) 81 (18) 

 

Deletion analysis using multiplex PCR targeting RD1, RD4, RD9 and RD12 (Warren et al., 

2006) further confirmed the seven isolates as M. bovis owing to the amplification of DNA 

products with band sizes of 146 bp, 268 bp, 108 bp, and 306 bp, respectively. 

Histological lesions consistent with a diagnosis of M. bovis infection were not detected in any 

animals observed. Samples from four animals were in advanced autolysis and unsuitable for 

histopathology. However, two animals that rendered positive results in the PCR of the lungs 

had parasitic pneumonia (probably from Crenosoma vulpis or Angiostrongylus vasorum), 

which was accompanied by vascular medial hypertrophy and thrombosis in one of the cases. 

Parasitic pneumonia was characterized by granulomatous lesions, with the parasites located at 

the centre of the lesion, surrounded by inflammatory cells, namely lymphocytes, plasma cells, 

eosinophils, and macrophages. 
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From the animals that also rendered positive results in culture and/or PCR, mesenteric lymph 

nodes reactivity was observed in four animals, one of which also presented discrete 

macrophagic lymphadenitis and a discrete macrophage infiltration in the tonsils. Three other 

animals showed interstitial chronic nephritis, with abundant lymphocytes and plasma cells, but 

scarce macrophages. In two other cases, enlarged retropharyngeal lymph nodes, due to lymph 

node reactivity, were observed. No AFB were associated with any of the lesions described. 

Reports of mycobacterial infection in free-living carnivore species are rare. From our literature 

review, this is the first report of M. bovis infection in red foxes in Portugal and the first report 

of natural infection in animals with brain involvement. The extent to which infected red foxes 

may be involved in the epidemiology of M. bovis in other wild mammals remains unknown. 

Foxes most probably become infected after scavenging of infected wild ungulate carcasses 

(Millán et al., 2008) because bovine tuberculosis was previously reported in wild ungulates in 

the studied area (Santos et al., 2009).  

These findings provide new information on the prevalence of M. bovis in wild mammals in 

Portugal. The results suggest that M. bovis circulates widely in the studied area, which is a 

serious concern for wildlife. Our findings have also revealed a public health concern because 

veterinarians and other professional workers, as well as hunters who come into contact with 

these species, have a high risk of being infected when handling infected samples and tissues 

(Millán et al., 2008). 

On the basis of our results, we hypothesize that M. bovis may contribute to the presence and 

transmission of disease between wild mammals. The potential role of this species in the 

epidemiology of tuberculosis will require further investigation. 
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BOVINE TB is a chronic and contagious infectious disease caused by Mycobacterium bovis 

and closely related members of the Mycobacterium tuberculosis complex (MTC) that has been 

reported from numerous wildlife species worldwide (de Lisle et al., 2002, Delahay et al., 2007). 

In July 2011, a juvenile male Egyptian mongoose (Herpestes ichneumon) was found dead due 

to vehicular trauma in Idanha-a-Nova, Portugal, and submitted to the histopathology service of 

the Department of Animal Science at the Polytechnic Institute of Castelo Branco’s School of 

Agriculture, for post mortem examination. On gross examination, the animal showed poor body 

condition. Post mortem examination was conducted and all major organs and structures were 

evaluated grossly. The animal had significant head trauma; all other organs were free of 

significant alterations.  

After post mortem examination, samples of liver, spleen, lungs, kidney, intestine, and lymph 

nodes were collected for histopathology, bacteriological culture and direct PCR analysis. Ziehl-

Neelsen staining was performed on smears of touch imprint cytology of different tissues 

obtained at post mortem examination. 

On histopathological analysis gross and microscopic lesions consistent with M. bovis infection 

were not observed. The Ziehl-Neelsen method applied to the smears of touch imprint cytologies 

revealed acid-fast bacilli in the mesenteric and retropharyngeal lymph nodes, liver and kidney. 

Acid-fast organisms were isolated from mesenteric and retropharyngeal lymph nodes tissue 

samples via culture. The colonies were visible after 14 weeks’ incubation in Middlebrook 7H11 

medium supplemented with OADC and sodium pyruvate without glycerol. These organisms 

were identified as MTC members (a 372 bp fragment) based on Cousins et al. (1991) and as M. 

bovis by multiplex PCR method to differentiate MTC members based on Warren et al. (2006). 

In addition, direct PCR-positive results were obtained in mesenteric and retropharyngeal lymph 

nodes. 

There are few epidemiologic studies of mycobacterial infections in carnivores. As far as we are 

aware, although M. bovis infection has been reported in a wild carnivore (Delahay et al., 2007), 

this is the first case of M. bovis infection reported in an Egyptian mongoose. 
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The lack of gross or microscopic lesions, also reported in other carnivores (Bruning-Fann et al., 

2001, Martín-Atance et al., 2005), suggests either recent infection, or that the development of 

visible lesions was impaired due to the relative resistance of these animals to tuberculosis. The 

potential role of this species as a reservoir of infection will require further investigation. 
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Abstract 

 

A retrospective serologic survey was conducted for antibodies against MAC in a random 

sample of 623 free-ranging wild mammals killed on roads and by hunters, or found dead in 

east-central Portugal. Animals were tested for antibodies to Mycobacterium avium complex 

with a commercial enzyme linked assay. 

The seroprevalence of Mycobacterium avium complex infection was 4.7% (n=29; CI 95%: 25.4 

- 32.7%). Antibodies against MAC were detected in 4 out of 11 animal species included in this 

study, consisted of 1/42 red fox (Vulpes vulpes) (2.4%; CI 95%: 0.0-4.0%), 1/6 Eurasian otter 

(Lutra lutra) (16.7%), 1/3 European badger (Meles meles) (33.3%), and 26/109 wild boar (Sus 

scrofa) (23.9%; CI 95%: 17.8-34.2%). Infection was found in three taxonomic families: 2.4% 

(CI 95%: 0.0-4.0%) in Canidae, 22.2% (CI 95%: 0.0-37.8%) in Mustelidae, and 23.9% (CI 

95%: 17.8-34.2%) in Suidae. No positive sera were found in the common genet, Egyptian 

mongoose, beech marten, hedgehog, wild rabbit, red deer or fallow deer.  

Results of the present study indicate that antibodies against MAC were present in wild 

carnivores and wild boars in Iberian Peninsula. According to the test sensitivity and specificity 

claimed by the manufacturer, the true prevalence Mycobacterium avium complex infection 

among wild mammals in the Iberian Peninsula was calculated to be between 10.7% and 13.6%. 

 

Key words: ELISA; Mycobacterium avium complex; seroprevalence; wild mammals 
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Introduction 

The members of genus Mycobacterium spp., comprising the Mycobacterium avium complex 

(MAC) consist is a very interesting group in terms of ecology, differing in virulence and 

ecology and are the most frequently isolated nontuberculous mycobacteria (Mackenzie et al., 

2009). The MAC comprises slow-growing mycobacteria that are ubiquitous in the environment 

(soil and water) and have a wide source range, causing disease in various mammals and birds 

(Mackenzie et al., 2009). 

Mycobacterium avium complex (MAC) has been divided into the subspecies M. a. avium, M. 

a. paratuberculosis, M. a. silvaticum and M. a. hominissuis (Mijs et al., 2002). The known host 

range of MAC includes ruminant and nonruminant wildlife. In wild ruminants, the MAC 

infections have been documented worldwide (Biet et al., 2005, Glawischnig et al., 2006). 

Although numerous wild species in the Canidae, Mustelidae and Viverridae are susceptible to 

function as agents of MAC complex-transmission (Matos et al., 2014), the epizootiology of the 

infection is poorly understood. Infection with MAC species in wild boar has also been 

previously demonstrated using molecular and microbiological methods (Santos et al., 2009; 

Muñoz-Mendoza et al., 2013). MAC agents have also been isolated from kangaroos, macaques 

and mandrills (Biet et al., 2005). Presently the impact of MAC in wild mammals as well as on 

other indigenous wildlife species is largely unknown. Infectious diseases are implicated in 

carnivore population decline (Funk et al., 2001; Santos et al., 2009).  

Determination of mycobacteria prevalence in wild populations can provide new insights into 

likelihood of disease transmission. Information on potential pathogen exposure is necessary for 

monitoring the health of free-ranging wildlife populations (Munson and Karesh, 2002). 

Serological surveys are widely applied to study the presence and distribution of infectious 

diseases in wild animals (Curi et al., 2006, Fiorello et al., 2007). 

The aim of this study was to investigate the occurrence of MAC antibodies in wild mammals 

killed on roads, found dead or killed by hunters in Portugal, to provide information that could 

be used to determine a prevalence and distribution of MAC in the Iberian Peninsula. 
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Materials and Methods 

Sampling 

Between 2009 and 2013, a serologic survey for MAC was performed on serum samples from 

randomly selected of free-ranging wild mammals found dead (killed on roads or otherwise) or 

hunted in Idanha-a-Nova (39°55′11″North, 7°14′12″West) and Penamacor (40°10′8″North, 

7°10′14″West) in Castelo Branco, east-central Portugal.  

A total of 623 wild mammals, representing 11 different species belonging to seven families, 

were examined (Table 1).  

 

Table 1 

Results of serologic survey of MAC infection in free-ranging wild animals from Portugal. Results are presented 
by species and taxonomic family. 

 
Family 

 
Species 

Total 
collected n 

Total 
Positive n 

Antibody 
prevalence % 

95% CIa 

Canidae Red fox 
(Vulpes vulpes) 

42 1 2.4 25.4 - 32.7 

Viverridae Common genet 
(Genetta genetta) 

1 0 0.0 __ 

Egyptian mongoose 
(Herpestes ichneumon) 

16 0 0.0 __ 

Mustelidae Eurasian otter  
(Lutra lutra) 

6 1 16.7 __ 

European badger  
(Meles meles) 

3 1 33.3 __ 

Beech martem  
(Martes foina) 

3 0 0.0 __ 

Erinaceidae Hedgehog  
(Erinaceus europaeus) 

2 0 0.0 __ 

Leporidae European wild rabbits 
(Oryctolagus cuniculus) 

3 0 0.0 __ 

Suidae Wild boar  
(Sus scrofa) 

109 26 23.9 17.8-34.2 

Cervidae Red deer  
(Cervus elaphus) 

435 0 0.0 __ 

Fallow deer  
(Dama dama) 

3 0 0.0 __ 

aNot calculated for small samples 
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The state of carcass preservation according to the gross inspection, date and collection site was 

recorded. Information regarding age, sex, body condition and location of capture when 

available, was used to describe the distribution of seropositive individuals.  

Samples from ungulates were obtained after hunting and the other wild mammal carcasses were 

transported to the pathology laboratory, and were subjected to a standard necropsy procedure 

prior to sample. 

The blood samples were obtained from the thoracic cavity or the heart of the animals. In some 

cases blood was drawn from thawed carcasses and allowed to clot. Clotted blood was 

centrifuged at 2.000 g for 20 minutes and serum was collected and frozen at -20ºC. The samples 

were partly haemolysed. 

 

Antibodies detection 

All samples were tested for antibodies against MAC with an indirect enzyme-linked 

immunosorbent assay (ELISA) according to the manufacturer’s instructions (ID Screen®, 

Mycobacterium avium Indirect Multi-Species, ID.vet, Innovate Diagnostics). The specific 

ELISA test is used to measure serum antibodies against Mycobacterium avium complex using 

an absorption step to remove non-specific antibody. On each 96-well plate, 92 serum samples 

were tested in single wells. The negative and positive control samples provided by the 

manufacturer were run in duplicate (first 4 wells). Results were expressed with the mean sample 

to positive ratio (S:P-ratio)=[OD450 of sample-OD450 negative control / [OD450 of positive 

control-OD450 negative control]. 

Following the manufacturer’s instructions, readings equal to or below 40% of the positive 

control serum OD were considered as negative, readings equal to or greater than 50% as 

positive, and readings between 40 and 50% were scored as doubtful. Doubtful results were run 

in duplicate wells, with the same protocol. According to the manufacturer data and preliminary 

studies, utilized ELISA has a sensitivity between 34.48% and 44%, and a specificity of 100%. 
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Data analysis 

Antibody prevalence among foxes and wild boars and differences in prevalence among 

demographic categories in wild boar were compared with a chi-square test (χ2) (alpha<0.05) 

for statistical significance. The correlations between positivity and host factors such as gender, 

age, body condition and presence or absence of gross lesions was only analysed for wild boars 

because of the small number of other mammal species samples. True prevalence was calculated 

by the application of the Rogan–Gladen correction (Rogan and Gladen, 1978). 

 

Results  

The seroprevalence of Mycobacterium avium complex infection was 4.7% (n=29; CI 95%: 25.4 

- 32.7%). Antibodies against MAC were detected in four out of 11 studied species: 1/42 red fox 

(Vulpes vulpes) (2.4%; CI 95%: 0.0-4.0%), 1/6 European otter (Lutra lutra) (16.7%), 1/3 badger 

(Meles meles) (33.3%), and 26/109 wild boar (Sus scrofa) (23.9%; CI 95%: 17.8-34.2%). 

Infection was found in three taxonomic families: 2.4% (CI 95%: 0.0-4.0%) in Canidae, 22.2% 

(CI 95%: 0.0-37.8%) in Mustelidae, and 23.9% (CI 95%: 17.8-34.2%) in Suidae. No positive 

sera were found in common genet, Egyptian mongoose, beech marten, hedgehog, wild rabbit, 

red deer or fallow deer. Seroprevalence of MAC was significantly higher (p=0.002) in wild 

boar (96.3%) than in red foxes (3.7%) but the small sample sizes prevented further analysis. 

When the estimated prevalence was adjusted for the sensitivity of 34.5% and 44%, and for the 

specificity of 100% claimed by the manufacturer and determined by preliminary studies 

(Lesceu and Pourquier, 2011; Eisenberg et al., 2012), the expected true prevalence of 

Mycobacterium avium complex infection among wild mammals in Iberian Peninsula was 

calculated to be 13.6% (95% CI: 10.9-16.3) for  a sensitivity of 34.48%, and  was calculated to 

be as 10.7% (95% CI: 8.3-13.1) for a sensitivity of 44%. 

Serologic reactivity data for all species examined are presented in Table 1. 

Demographic data were unavailable for many samples but could be compared in wild boar. 

There were no statistical differences by age, gender, body condition or presence of gross lesions 

(Table 2). 
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Table 2 

Prevalence of MAC antibody according to age class, gender, body condition and presence of gross lesions in wild 
boar. 

Characteristic Total collected n Total Positive n Antibody prevalence % 95% CI 

Age classa     

Adult 46 14 30.4 3.9-24.0 

Juvenile 29 6 20.7 0.0-14.6 

Yearling 34 6 17.6 0.0-13.9 

Genderb     

Female 55 16 29.1 6.3- 25.7 

Male 54 10 18.5 2.0-18.0 

Body conditionc     

Good 70 15 21.4 6.6- 23.4 

Moderate or Bad 39 11 28.2 1.2-20.8 

Presence of gross lesionsd     

Yes 70 20 28.6 10.6-29.4 

No 39 6 15.4 0.0-13.5 

n = number of wild boars identified in each characteristic; aPrevalence antibody to MAC not significant between different age classes (p= 0.372; 
chi-square test); bPrevalence antibody to MAC not significant between different gender (p= 0.195; chi-square test); cPrevalence antibody to MAC 
not significant between different body condition (p= 0.426; chi-square test); dPrevalence antibody to MAC not significant between presence or 
absence of gross lesions (p= 0.426; chi-square test) 

 

Discussion 

The present study represents the largest systematic serosurvey for MAC in wild mammals in 

the Portugal, to date. Reports of Mycobacterium avium subsp. paratuberculosis serologically 

positive wild mammals in Iberian Peninsula include red deer (Cervus elaphus) (Reyes-García 

et al., 2008), European wild rabbit (Oryctolagus cuniculus) (Maio et al., 2011), and wild boar 

(Sus scrofa) (Boadella et al., 2011), but there was no previous report of MAC seropositivity in 

red foxes, Eurasian otter and European badger, and this study is also the first report of MAC 

antibodies in these species in the Iberian Peninsula. 

Because serological methods, particularly ELISA, have not been widely used to assess the 

diagnosis of wild mammals MAC infection, it is difficult to compare the results obtained in this 

survey with the results presented in other studies. In this study apparent prevalence has been 

weighted to adjust to sensitivity of 34.5% and 44% and specificity of 100%, respectively, 
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claimed by the manufacturer and determined by few preliminary studies (Lesceu and Pourquier, 

2011; Eisenberg et al., 2012). 

Evidence of MAC antibodies in Canidae, Mustelidae and Suidae families suggests that MAC 

can infect animals in multiple taxonomic groups, and confirms that infection in non-ruminant 

wildlife can also occur in Portugal.  

Seven of the 11 wild mammal species studied were negative. The different sample size of 

wildlife species analyzed should also be taken into account; no evidence of infection was 

detected in the common genet, hedgehog, wild rabbit and fallow deer, but in these species only 

a few (1 to 3) animals were examined, therefore is not possible to make any conclusion about 

the role of these species in the epizootiology of MAC.  

Although, the results indicate evidence of infection in the Eurasian otter and European badger, 

in this study the small sample sizes for these species caused an inability to calculate their 

prevalence estimates.  

For some species the small sample sizes obtained were a reflection of their restricted range and 

low relative abundance, for example the Eurasian otter (Ruiz-Olmo et al., 2013).  

One explanation for the negative results in red deer (n=435) might be that the animals tested in 

our study probably were in the preclinical stage of infection, and the antibody to MAC was 

simply not present. Mycobacterium avium complex in red deer in early infection is 

characterized by a strong cell-mediated immune response, while advanced stages with 

progressive lesions are associated with a humoral, antibody-producing immune response 

(Fawcett et al., 1995; Woodbury et al., 2008). Another explanation for the poor performance of 

ELISA in Cervidae may be that the protocol had not been optimized for use in these animals. 

In Europe, MAC infection, particularly Mycobacterium avium subsp. paratuberculosis has been 

reported in wild ruminants such as red deer (Cervus elaphus) (Moravkova et al., 2008, Robino 

et al., 2008, Matos et al., 2013), fallow deer (Dama dama) (Marco et al., 2002) and roe deer 

(Capreolus capreolus) (Robino et al., 2008). This may indicate either a true lack of exposure 

to disease agents or a failure of the assay to detect animal antibodies in cervid animals despite 

reported cases of paratuberculosis in these animals in this region.  
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The high proportion of seropositive wild boar might indicate a high infection rate within the 

wild boar population studied. Antibody prevalence in wild boars suggests an endemic situation, 

with the mycobacteria continuously circulating in these populations. 

There was no difference in prevalence of antibodies to MAC between adult and immature wild 

boar. Probably the lack of increased prevalence of infection in young animals reflects the 

importance of vertical transmission and may be an important component of new infections in 

Portuguese wild boars. 

Our results confirm previous exposures to MAC in carnivore populations in Portugal (Matos et 

al., 2014). The assay used in this study was not validated for carnivores, but it seems unlikely 

that the assay would recognize antibodies in red foxes but not in closely related carnivores. 

Some species may be less susceptible to infection with MAC or highly susceptible to fatal 

disease and unlikely to survive and produce antibodies. 

The possible role of wild carnivores in the epidemiologic cycle of MAC in wildlife needs to be 

ascertained. The source of infection is unknown, but carnivores can be infected and develop 

antibodies by ingesting mycobacteria by consuming meat containing mycobacteria, and the 

natural diet of red foxes includes small mammals such as voles and rabbits, and birds. Wild 

carnivores can also be infected after scavenging infected wild ruminants (Tanner et al., 2006, 

Kidawa and Kowalczyk, 2011, Beard et al., 2001), and MAC has previously been demonstrated 

in the Iberian Peninsula (Balseiro et al., 2011). Moreover, wild canids should be regarded as a 

potential source of infection for other species (Curi et al., 2006). 

This increased risk, compared to non-carnivores, alters the expected antibody prevalence of 

MAC in carnivores compared with herbivores such as red deer and wild rabbits. Our data 

suggests that red foxes in the Iberian Peninsula may have been infected through predation or 

scavenging of species other than red deer, such as wild boar. 

The use of serology limits us to discussing the exposure and not the disease, and little is known 

of the clinical significance of MAC infection in free-ranging red foxes, wild boars, Eurasian 

otters or European badgers. No suggestive clinical signs of MAC infection or tuberculosis were 

verified. 
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The significance of MAC seropositive animals is unknown. Seroconversion of identified 

species has not been reported. The presence of MAC antibodies in carnivores may be used as a 

marker of contact with wild boars.  

Antibody prevalence rates reported in this study may underestimate the true prevalence because 

the serum from decomposed carcasses might have reduced sensitivity (Santos et al., 2009), 

though previous studies have shown that antibodies can be detected in body fluids from 

decomposed carcasses up to 11 days post mortem (albeit at decreasing titers) and are valuable 

for serologic testing (Funk et al., 2001; Santos et al., 2009). In this study, correlation between 

positivity and putrefaction was not analysed because of the small number of carnivores. 

Serological surveys are useful for active surveillance and as a diagnostic tool, however, they 

are influenced by the density and geographical distribution of species and the time of year 

(Jakubek et al., 2012). Availability of serum samples from wild animals is often limited by lack 

of opportunities to collect large numbers of samples from several sites, thus the collection of 

sera at hunter-check stations is an expedient approach. Haemolysis and dilution of samples are, 

however, potential disadvantages of this sample method (van der Leek et al., 1993).  

 

Concluding Remarks  

Results of the present study indicate that antibodies against MAC are present in wild carnivores 

and wild boars in Iberian Peninsula. Although based on a limited sample, these data suggest 

widespread MAC exposure among free-ranging Iberian wild mammals in Portugal, especially 

red foxes and wild boars. There is an urgent need for a risk assessment study to elucidate the 

importance of MAC infection in wild animals. 

There is also a public health concern, and natural reservoirs should be investigated in order to 

formulate control plans. Diagnostic tools such as molecular methods validated for wild species 

are also necessary to explain the role of wildlife in the infection process. In future, other studies 

should be done to identify and characterize the causative microorganisms involved in the 

infection, creating a better understanding of the natural history and epizootiology of these 

infections in free-ranging mammals. 
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Abstract 

 

A survey to determine the occurrence of Mycobacterium avium subsp. paratuberculosis (MAP) 

in wild carnivores in Portugal was conducted by testing samples from road-killed animals 

between 2009 and 2012. Post mortem examinations were performed and tissues were collected 

from wild carnivores representing four families and six different species, with a total of 74 

animals analyzed. Cultures were performed by using Löwenstein-Jensen and Middlebrook 

7H11 solid media and acid-fast isolates were identified by polymerase chain reaction (PCR) 

and mycobactin dependency characteristics. Tissues were also screened for MAP by directly 

extracting DNA and testing for the MAP-specific sequences. The occurrence of infected 

animals (an animal had at least one tissue that was positive for culture or direct PCR) was 27.0% 

(n=20). MAP was isolated from culture of 25 tissue samples (3.8%) and was detected by direct 

PCR in 40 (6.0%) samples. Infection was recorded in 5/6 studied species: 7/49 (14.3%) red 

foxes (Vulpes vulpes), 3/3 (100%) beech martens (Martes foina), 2/4 (50.0%) Eurasian otters 

(Lutra lutra), 7/15 (46.7%) Egyptian mongooses (Herpestes ichneumon), and 1/1 (100%) 

European badger (Meles meles). These species represent three different taxonomic families: 

Canidae (14.3% were positive), Mustelidae (75.0% were positive), and Herpestidae (46.7% 

were positive). The results of this study confirm the presence of MAP infection in wild 

carnivores in Portugal. 

 

Key words: Culture; epidemiology; Mycobacterium avium subsp. paratuberculosis; PCR; wild 

carnivores 
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Introduction 

Paratuberculosis (Johne's disease), caused by Mycobacterium avium subsp. paratuberculosis 

(MAP) is a chronic granulomatous gastroenteritis affecting ruminants that leads to emaciation 

and death. The disease is prevalent worldwide and has a significant financial impact associated 

with direct economic losses through the death of the infected ruminants, lowered milk 

production among both cattle and sheep, lowered calf and lamb production, and increased 

veterinary and related medical costs (Losinger, 2006). Portugal has a high prevalence of 

paratuberculosis in small ruminants and similar problems among small ruminants of 

commercial value (Coelho et al., 2007). The detection of bacteria by culture or molecular 

methods and the evaluation of histopathologic lesions constitute the most effective methods of 

confirming a diagnosis of paratuberculosis (Sevilla et al., 2005, Bolske and Herthnek, 2010). 

Cases of MAP infection in free-ranging wild carnivores have been reported, but there are 

limited data regarding the isolation and detection of the agent in this taxonomic order (Anderson 

et al., 2007). Furthermore, the importance of different taxonomic families of Carnivora as 

reservoirs of MAP is not yet determined (Beard et al., 2001a). MAP was previously isolated or 

detected by molecular methods from red fox (Vulpes vulpes) (Beard et al., 2001a, Beard et al., 

1999, Deutz et al., 2005, Anderson et al., 2007, Florou et al., 2008), stoat (Mustela erminea), 

weasel (Mustela nivalis) (Beard et al., 2001a, Beard et al., 1999), European badger (Meles 

meles) (Beard et al., 2001a, Corn et al., 2005), brown bear (Ursus arctos) (Kopecna et al., 2006), 

coyote (Canis latrans) (Anderson et al., 2007), raccoon (Procyon lotor) (Anderson et al., 2007, 

Pedersen et al., 2008), opossum (Didelphis virginiana) (Beard et al., 2001a, Corn et al., 2005, 

Deutz et al., 2005, Anderson et al., 2007, Pedersen et al., 2008), skunk (Mephetis mephetis) 

(Anderson et al., 2007, Corn et al., 2005) and Eurasian otter (Lutra lutra) (Matos et al., 2013a). 

For the most effective control of MAP in domestic livestock and for wildlife protection, it is 

important to determine to what extent wildlife species may be reservoirs for MAP and to assess 

the impact of infection in wildlife (Beard et al., 2001a, Corn et al., 2005). 

The aim of this study was to screen wild carnivores for MAP infection in east-central Portugal, 

an area where there is clinical evidence of paratuberculosis in both domestic and wild ruminants 

(Matos et al., 2013b, Coelho et al., 2008). 
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Materials and Methods 

This study investigated the presence of MAP in wild carnivores found dead as a result of road-

traffic accidents in the cities of Idanha-a-Nova (39°55′11″N, 7°14′12″W) and Penamacor 

(40°10′8″N, 7°10′14″W) in Castelo Branco, east-central Portugal, during the period 2009-2012.  

A total of 74 animals (23 juveniles and 51 adults; 44 males and 30 females) representing six 

different species belonging to four families were found dead and were collected and examined. 

Collection data such as location, sex, body condition, and other relevant features of the animals 

were recorded. The age of the animals was estimated by the tooth eruption patterns and tooth 

wear. 

The necropsy examination included detailed macroscopic inspection of lymph nodes and 

abdominal and thoracic viscera. Any gross lesions in other locations were also recorded. Lymph 

nodes were dissected and sectioned serially. Lesions in organs observed at closer laboratory 

examination were included to calculate the presence of gross lesions. 

Samples of the mesenteric, retropharyngeal, and mediastinal lymph nodes; tonsils; lung; brain; 

liver; spleen; and kidney and portions of the ileocecal valve and distal jejunum and ileum were 

collected from each animal, using strict aseptic precautions to prevent cross-contamination 

between samples. Each sample was divided into three portions: two portions were frozen and 

stored at -80 ºC for polymerase chain reaction (PCR) assays and bacterial culture, and the other 

was immediately fixed in a 10% neutral buffered formol-saline-solution by immersion. 

Imprint preparations of all tissue samples were stained by the Ziehl-Neelsen (ZN) method to 

detect acid-fast bacilli (AFB). In each sample, at least 100 different fields were examined under 

an oil-immersion objective (x100). Fixed tissue samples were processed for histopathology 

using routine techniques, and stained with haematoxylin and eosin and the ZN technique.  

Culture methodology was performed as described previously by Aduriz et al. (1995). Samples 

were decontaminated with 0.75% (w/v) hexadecyl pyridinium chloride (HPC; Sigma-Aldrich, 

Milano 20151, Italy) for 18 h, and cultured, in duplicate, using five specific media, 

supplemented with a mix of amphotericin B (50 mg/L), penicillin (100,000 U/L), and 

chloramphenicol (100 mg/L). The five media used in the study were Löwenstein-Jensen 



Chapter III ● Mycobacterium avium Complex (MAC) 

131 
 

medium® (Liofilchem, Roseto degli Abruzzi 64026, Italy), Löwenstein-Jensen medium with 

mycobactin J® (Synbiotics Europe SAS, Lyon 69367, France), Löwenstein-Jensen medium 

with sodium pyruvate without glycerol, Middlebrook 7H11® medium supplemented with 

OADC® (oleic acid-albumin-dextrose-catalase) (Becton Dickinson, Franklin Lakes, New 

Jersey, USA) and Middlebrook 7H11 medium supplemented with OADC and sodium pyruvate 

without glycerol. All culture media were incubated at 37ºC for 8-12 months, and checked every 

week for mycobacterial growth or contamination with undesirable microorganisms. Colonies 

with compatible mycobacterial morphology were tested for AFB by the ZN stain smear method. 

The mycobacterial isolates were tested for MAP confirmation by the PCR methods described 

below.  

Direct DNA extraction from tissues was carried out using a commercial DNA isolation kit 

(DNeasy Blood & Tissue® Kit, Qiagen, 40724 Hilden, Germany) and stored at -20 ºC until 

used. DNA from bacteria isolated on culture was extracted by taking a loop-full from a culture, 

transferred to a microcentrifuge vial containing 100 l 10 mM Tris-HCl/ Triton X-100 1%/1 

mM ethylenediaminetetraacetic acid (TTE) and incubated for 20 min at a temperature of 95 ºC. 

After centrifugation, the supernatant was stored at -20 ºC until used. 

DNA directly extracted from tissue samples and from bacteria was initially tested by PCR assay 

with specific primers to IS900 sequence (Garrido et al., 2000). Another reaction was performed 

to confirm the presence of MAP, this last assay uses the F57 sequence, in that the targeted F57 

sequence element is unique for MAP (Tasara and Stephan, 2005). In all PCR assays in addition 

to the samples, a positive (MAP DNA) and a negative (water) preparation control were 

included. 

For the purpose of this study, a carnivore was classified as infected if MAP was isolated from 

at least one tissue by culture or detected by direct PCR.  

 

Results 

MAP infection was detected in 20 of the animals tested. MAP was recorded in 5/6 studied 

species: red fox (Vulpes vulpes), beech marten (Martes foina), Eurasian otter (Lutra lutra), 

European badger (Meles meles), and Egyptian mongoose (Herpestes ichneumon). These species 
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represent three taxonomic families: Canidae, Mustelidae, and Herpestidae. MAP infection was 

not detected in the two European genets (Genetta genetta) tested (Table 1). 

 
Table 1 

Distribution of Mycobacterium avium subsp. paratuberculosis (MAP) results, by taxonomic families and species, 
for wild carnivores that were road killed, collected and examined during the period between 2009 and 2012 in 
east-central Portugal. 

 

 

 

  Total of PCR * and/or 
culture positive, n (%) 

Family (n)              Species                                                                      Total collected, n (%)    Species      Family 

Canidae (49) Red fox (Vulpes vulpes) 49 (66.2) 7 (14.3) 7(14.3) 
Mustelidae (8) Beech marten (Martes foina) 3 (4.1) 3 (100) 6 (75.0) 

Eurasian otter (Lutra lutra) 4 (5.4) 2 (50.0) 

European Badger (Meles meles) 1 (1.3) 1 (100) 

Viverridae (2) Genet (Genetta genetta) 2 (2.7) 0 0 

Herpestidae (15) Egyptian mongoose  (Herpestes ichneumon) 15 (20.3) 7 (46.7) 7 (46.7) 

Total  74 (100) 20 (27.0)  
* PCR indicates polymerase chain reaction 

 

During the post mortem examination, macroscopic lesions consistent with a MAP infection 

were detected in four animals (two red foxes and two Egyptian mongooses); all of these lesions 

yielded positive culture results, and two of these were also positive for direct PCR (an Egyptian 

mongoose and one red fox). MAP infection was detected by microbiological culture in seven 

animals without visible lesions. Of these animals, three red foxes and one beech marten were 

negative using direct tissue PCR and three animals (an Egyptian mongoose and two Eurasian 

otters) were also positive for direct PCR. Direct PCR detected MAP in tissues from nine animals 

that could not be confirmed by culture (two red foxes, two beech martens, four Egyptian 

mongooses and one European badger). None of these animals presented lesions suggestive of 

paratuberculosis. Large numbers of AFB were observed in the different tissues (mediastinal, 

medial retropharyngeal, mesenteric lymph nodes; lungs; liver; kidneys; intestine; spleen; 

tonsils; and brain) of all animals with MAP infection detected by microbiological culture and/or 

direct PCR. 

An external examination of the carcasses indicated that 64 animals (86.5%) were in good body 

condition and 10 (13.5%) were in fair body condition. Occurrence of infection was higher in 
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animals with good body conditions. Infection rates were higher in males and juveniles (Table 

2). 

 
Table 2 

Distribution of Mycobacterium avium subsp. paratuberculosis (MAP) confirmed cases, by age and sex, for wild 
carnivores road killed in east-central Portugal, during the period between 2009 and 2012. 

 Males (%)  Females (%) 

Species Juveniles Adults  Juveniles Adults 

Red fox (Vulpes vulpes) 1/6 (16.6) 3/25 (12)  1/6 (16.6) 2/12 (16.6) 
Beech marten (Martes foina) 1/1 (100) 1/1 (100)  1/1 (100) 0/0 

Genet (Genetta genetta) 0 0  0/1 0/1 

Eurasian otter (Lutra lutra) 0 1/2 (50)  0/1  1/1(100) 

Egyptian mongoose (Herpestes ichneumon) 2/4 (50.0) 4/4 (100)  0/3 1/4 (25) 

European badger (Meles meles) 0/0 1/1 (100)  0/0 0/0 

Total 4/11 (36.4) 10/33(30.3)  3/12 (25) 3/18 
(16.7%) Infection rate for sex 14/44 (31.8)  6/30 (20) 

 

Of the total of 666 tissue samples tested, MAP was isolated from culture of 25 samples (3.8%) 

and 40 samples (6.0%) had positive results by direct PCR (Table 3). MAP was grown from 

tissues from 11 animals. Culture positive samples came from four species (red fox, n=5; beech 

marten, n=1; Eurasian otter, n=2; Egyptian mongoose, n=3). PCR-positive samples came from 

tissues from 14 animals and five species (red fox, n=3; beech marten, n=2; Eurasian otter, n=2; 

Egyptian mongoose, n=6; European badger, n=1). 

Amongst the confirmed positive cases, gross pathology was observed in the mesenteric lymph 

nodes of two red foxes (28.6%) and two Egyptian mongooses (28.6%). The distribution of 

culture and direct PCR-positive results by tissue are presented (Table 3). 
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Table 3 

Distribution of Mycobacterium avium subsp. paratuberculosis (MAP) positive results in 666 tissues of 74 wild 
carnivores road killed, collected and examined, during the period between 2009 and 2012 in east-central Portugal, 
by culture or direct polymerase chain reaction. 

Species tissue examinated 

Tissue examined 

Culture positive, n (%) 

n (%) 

PCR positive, n (%) 

n (%) 
Red fox (Vulpes vulpes) 

Mesenteric lymph node 1 (0.15) 1 (0.15) 

Mediastinal lymph nodes 1 (0.15) 2 (0.30) 

Retropharyngeal lymph nodes 1 (0.15) 1 (0.15) 

Ileocecal valve 2 (0.30) 1 (0.15) 

Spleen 1 (0.15) 1 (0.15) 

Lung 1 (0.15) 1 (0.15) 

Liver 1 (0.15) 0 

Kidney 2 (0.30) 0 

Brain 1 (0.15) 1 (0.15) 

Beech marten (Martes foina) 

Mesenteric lymph node 0 1 (0.15) 

Spleen 0 2 (0.30) 

Lung 1 (0.15) 0 

Kidney 1 (0.15) 0 

Brain 1 (0.15) 1 (0.15) 

Eurasian otter (Lutra lutra) 

Mesenteric lymph node 1 (0.15) 2 (0.30) 

Retropharyngeal lymph nodes 1 (0.15) 1 (0.15) 

Spleen 1 (0.15) 1 (0.15) 

Lung 1 (0.15) 0 

Liver 1 (0.15) 1 (0,15) 

Brain 1 (0.15) 0 

Egyptian mongoose (Herpestes ichneumon) 

Mesenteric lymph node 1 (0.15) 3 (0.45) 

Mediastinal lymph nodes 1 (0.15) 3 (0.45) 

Retropharyngeal lymph nodes 1 (0.15) 3 (0.45) 

Ileocecal valve 1 (0.15) 0 

Spleen 1 (0.15) 3 (0.45) 

Lung 0 3 (0.45) 

Liver 0 3 (0.45) 

Kidney 0 3 (0.45) 

European badger (Meles meles) 

Mesenteric lymph node 0 1 (0.15) 

Spleen 0 1 (0.15) 
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Total 

Mesenteric lymph node 3 (0.45) 8 (1.2) 

Mediastinal lymph nodes 3 (0.45) 5 (0.75) 

Retropharyngeal lymph nodes 3 (0.45) 5 (0.75) 

Ileocecal valve 3 (0.45) 1 (0.15) 

Spleen 2 (0.30) 8 (1.2) 

Lung 3 (0.45) 4 (0.60) 

Liver 2 (0.30) 4 (0.60) 

Kidney 3 (0.45) 3 (0.45) 

Brain 3 (0.45) 2 (0.30) 

Total Positive 25 (3.8) 40 (6.0) 

 

Discussion 

The present study represents the first systematic survey for MAP in wild carnivores in Portugal 

to date. Previous studies have found MAP in several wild carnivores, including red foxes, 

European badgers, and Eurasian otters (Beard et al., 2001a, Beard et al., 1999, Florou et al., 

2008, Deutz et al., 2005, Matos et al., 2013a, Corn et al., 2005). Additionally, the occurrence 

of MAP infection in some carnivores such as beech marten and Egyptian mongoose represents 

new records both in Portugal and in the world. On the other hand, there have been a few reports 

of MAP infecting wild carnivores, so the comparison of results of this study is difficult. A recent 

study in wild canids from Spain has not detected any animal infected with paratuberculosis 

(Sobrino et al., 2011). In the present study, MAP was confirmed in 20 of the 74 wild carnivores 

tested using either culture or direct PCR. 

In the present study, small sample sizes for species resulted in the inability to calculate 

prevalence estimates. However, the results indicate evidence of infection in these species. 

Given the high proportion of positive samples, it appears that MAP infection is relatively 

common among wild carnivores in Portugal. The population size of different wildlife species 

should also be taken into account. For some species, the small sample sizes obtained were a 

reflection of their restricted range and low relative abundance, for example the Eurasian otter 

(Ruiz-Olmo et al., 2013) and for the less abundant species such as genet. No evidence of 

infection was detected in genets, but only two animals were examined, therefore it is not 

possible to determine whether infection occurs in this species. 
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The source of infection in carnivores is unknown, but the red foxes’ natural diet includes small 

mammals such as voles, rabbits and ungulates (Beard et al., 2001a, Tanner et al., 2006, Kidawa 

and Kowalczyk, 2011). In Europe, MAP has been  previously reported in small mammals 

(Beard et al., 2001a, Kopecna et al., 2006) including rabbit populations in Portugal (Maio et al., 

2011), and in several wild ungulate species (Matos et al., 2013b, Robino et al., 2008, Marco et 

al., 2002). It is therefore possible that these various prey species could act as a source of MAP 

infection for wild carnivores. 

The lesional pattern associated with MAP infections in wild species has been previously 

reported in wild ruminants (Committee on Diagnosis and Control of Johne's Disease, 2003, 

Stehman, 1996). However, in non-ruminant wild species the data are scarce, and the presence 

and type of lesions is highly variable (Coelho et al., 2013). Regarding wild carnivores, lesions 

have been described in foxes, stoats, European badgers, weasels (Beard et al., 2001a, Beard et 

al., 2001b, Beard et al., 1999), and otters (Matos et al., 2013a). In the latter, only microscopic 

lesions were observed, which consisted of unspecific chronic lymphadenitis. The pathological 

effects of MAP infection vary widely between host species (Manning and Sleeman, 2012). 

Consequently, in the present study a variety of tissues and organs were collected for 

microbiological culture and PCR detection. Gross lesions were only found in 4/20 (20%) 

animals that tested positive by either direct PCR or culture; all four animals were confirmed 

positive by bacterial culture. No gross lesions were observed in animals that did show negative 

results in the various tests. All positive AFB results were confirmed by culture and/or direct 

PCR from corresponding tissues. The lack of gross lesions and histological lesions in tissues 

from the majority of infected animals may be related to the phase of the infection, to the 

potential resistance to MAP in these species (Corn et al., 2005). Given that a high portion of 

positive cases did not present any visible lesions, the presence of lesions alone is not a good 

predictor of MAP infection in wild carnivores. 

Moreover, greater numbers of positive tissues were revealed by PCR in tissue than by culture. 

There are several possible reasons why samples test positive in one test and not in others, like 

heterogeneous distribution of the organisms and losses caused by the decontamination 

procedures used on culture of tissue samples (Reddacliff et al., 2003). 

The isolation and detection of MAP in multiple tissues (brain, spleen, kidney, and lungs) is 

evidence of a true infection, not a “passing-through” of recently ingested microorganism (Corn 

et al., 2005). Disagreement between histological and culture results were previously reported 

(Beard et al., 2001a, Corn et al., 2005). The results of this study indicate that collecting only 
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mesenteric lymph nodes for the detection of MAP would underestimate the number of infected 

animals. The detection of MAP in the liver and the lungs of wild animals was previously 

reported (Deutz et al., 2005), however, this is the first study to provided evidence of 

disseminated MAP with brain involvement in animals. 

 

Conclusions 

This study is the first to show that MAP infection is present in several species of wild carnivores 

in Portugal. Portugal has a high prevalence of paratuberculosis in small ruminants and these 

results are very important to the allocation of control and prevention measures because, in the 

area studied, wild animals and domestic ruminants cohabit and graze the same pastures. Further 

investigations are necessary to clarify the role that these species have in the local epidemiology 

of MAP, for example determining whether these species contribute to environmental 

contamination through fecal shedding. 
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Abstract 

 

Disseminated Mycobacterium avium subsp. paratuberculosis (MAP), infections were found in 

two Eurasian otters (Lutra lutra, L. 1758) killed by vehicular trauma in February and March 

2010 in Castelo Branco, Portugal. At post mortem examination, the organs showed no 

significant gross alterations; however, microscopically, both animals had diffuse lymphadenitis 

with macrophage infiltration and deposition of hyaline material in the centre of the lymphoid 

follicles. Acid-fast organisms were isolated from gastrointestinal tissue samples via 

bacteriologic culture. These organisms were identified as Mycobacterium avium subsp. 

paratuberculosis by IS900 polymerase chain reaction (PCR). Additionally, direct IS900 PCR-

positive results were obtained for multiple organs of both animals. This is the first report of 

MAP infection of otters in Portugal. 

 

Key words: Culture; Eurasian otters; Lutra lutra; Mycobacterium avium subsp. 

paratuberculosis; PCR 
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Mycobacterium avium subsp. paratuberculosis (MAP) infection causes Johne’s disease, or 

paratuberculosis, in ruminant species. Characterized by chronic granulomatous gastroenteritis, 

it leads to emaciation and death. The infection occurs worldwide and is responsible for 

important economic losses for domestic agricultural ruminant species (Garrido et al., 2000). 

Cases of infection, usually without concomitant pathology or disease, have been reported in 

nonruminant species (Beard et al., 2001, Coelho et al., 2008, Miranda et al., 2009). 

Eurasian otters (Lutra lutra, L. 1758) are diving mammals of the Mustelidae family, order 

Carnivora that live almost exclusively in riparian habitats. (Green et al., 1984, Durbin, 1998, 

Kruuk, 2006) This species has a Palaearctic distribution and has suffered a significant decline 

in the last century, leading to local extinctions in many regions of Europe (Ferrando et al., 2004, 

Conroy and Chanin, 2000, MacDonald and Mason, 1994, Ruiz-Olmo and Castro, 1998). The 

species is protected by the Convention on International Trade in Endangered Species of Wild 

Fauna and Flora and is the focus of important conservation efforts, including programs to 

reintroduce it into its former range (Saavedra and Sargatal, 1997). Currently, this species is 

considered near threatened by the International Union for the Conservation of Nature (Ruiz-

Olmo, 2011). 

In February and March 2010, two Eurasian otters, a female and a male, each estimated to be 2 

years old, were found dead by vehicular trauma in Idanha-a-Nova, Portugal (39°55’11″N, 

7°14′12″W) and submitted to the Histopathology Service of the Department of Animal Science, 

School of Agriculture, Polytechnic Institute of Castelo Branco, for post mortem examination. 

On gross examination, both animals were in good body condition, but with significant head 

trauma. Post mortem examination was conducted, and all major organs and structures were 

evaluated grossly and found to be free of significant alterations.  

After post mortem examination, samples of liver, spleen, lungs, kidney, intestine, and lymph 

nodes were collected for histopathology, bacteriologic culture and direct polymerase chain 

reaction (PCR) analysis. Ziehl-Neelsen staining was performed on smears of touch imprint 

cytology of different tissues obtained at post mortem examination. For histopathologic studies, 

samples of all organs were fixed in 10% neutral buffered formalin and embedded in paraffin 
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according to standard laboratory procedures. Sections were cut to a thickness of 3µm and 

stained with hematoxylin-eosin; the Ziehl-Neelsen method for acid-fast bacilli and Perl’s and 

Congo red stains were also used. 

Deoxyribonucleic acid (DNA) was extracted from tissue samples for direct PCR using a 

commercial kit (Dneasy Blood & Tissue®, Qiagen, 40724 Hilden, Germany) and from colonies 

using a commercial kit (UltraClean® Microbial DNA Isolation, MO BIO Laboratories, Inc., 

Carlsbad, California 92010 USA) according to the manufacturer's instructions. To confirm the 

agent, IS900 PCR was performed using the method described by Garrido et al. (2000). 

Tissue samples were decontaminated with 0.75% (w/v) hexadecyl pyridinium chloride (Sigma-

Aldrich, Milano 20151, Italy) and cultured in duplicate onto slants of Löwenstein-Jensen 

medium® (Liofilchem, Roseto degli Abruzzi 64026, Italy) containing mycobactin J® 

(Synbiotics Europe SAS, Lyon 69367, France) (Sevilla et al., 2007). Colonies with morphology 

consistent with mycobacteria were tested by Ziehl-Neelsen staining and by PCR assay for the 

IS900 sequence. 

On histopathologic analysis, the retropharyngeal and mesenteric lymph nodes of both otters 

presented disrupted architecture, lymphoid depletion, and diffuse inflammatory infiltrate 

composed mainly of macrophages and, to a lesser extent, neutrophils (no granulomas or 

multinucleated giant cells observed). The macrophages contained golden-brown pigment, 

resembling hemosiderin, but were negative to Perls reaction. A hyaline material, similar to 

amyloid, was observed in the centre of the lymphoid follicles. Congo red staining for this 

material was inconclusive. The ileum, as well as the liver, spleen, lungs, and kidneys had no 

microscopic alterations. The Ziehl-Neelsen method applied to the smears of touch imprint 

cytologies from both animals revealed acid-fast bacilli in the different tissues (medial 

retropharyngeal, mediastinal and mesenteric lymph nodes; lungs; liver; kidneys; intestine and 

spleen). 

Mycobacterium avium subsp. paratuberculosis was isolated from tissue samples collected from 

both otters. The colonies were visible after 10-55 wk incubation. All colonies obtained were 

positive by IS900 PCR. In the female, MAP was detected by direct PCR in liver, spleen and 

mesenteric lymph node. In the male, MAP was detected in mesenteric and retropharyngeal 

lymph nodes. 
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The occurrence of MAP infection is infrequently documented in non-ruminant wildlife (Beard 

et al., 2001, Daniels et al., 2003, Corn et al., 2005, Judge et al., 2005, Palmer et al., 2005, 

Kopecna, 2008). Although a study of wild carnivores reported 38% direct PCR-positive results, 

viable MAP was isolated from only one of 472 tissues (Anderson et al., 2007). A recent study 

in Southwestern Europe showed little or no evidence of MAP infection in wild canids (Sobrino 

et al., 2011). The fact that lesions of MAP infection typical in ruminants were not observed in 

these animals could mean either that they were refractory to progressive invasion of this 

mycobacteria, resulting in pathology, or that not enough time had progressed to permit lesions 

to develop. In the present study, MAP infection was demonstrated by culture and PCR methods 

in the absence of lesions typically associated with ruminant paratuberculosis.  

There are few epidemiologic studies of mycobacterial infections in carnivores. Mycobacterium 

bovis infection has been reported in a wild Eurasian otter (Lee et al., 2009); however, this is the 

first report of MAP infection in this species. This demonstrates the susceptibility of otters to 

MAP. It cannot be determined whether this infection was primary or secondary to 

immunosuppression because of other health issues or whether it would have progressed to 

disease or death (Park et al., 2007). 

This study emphasizes the importance of molecular methods as an adjunct to histologic methods 

for the rapid diagnosis of MAP infection in wild mammals. As effective tools, they could 

contribute to determining how MAP transmission occurs between wild mammals and the 

potential for spread of MAP across species and to helping design potential barriers to 

mycobacterial transmission. 
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Introduction 

Eurasian otters (Lutra lutra, L. 1758) are diving mammals of the Mustelidae family, order 

Carnivora that live almost exclusively in riparian habitats. They can be carriers of mycobacteria, 

but Mycobacterium avium subsp. paratuberculosis (MAP) has never been reported in these 

animals. 

 

Materials and Methods 

Two Eurasian otters that were found dead in the central region of Portugal were submitted for 

necropsy examination. Samples consisting of liver, spleen, kidney, intestine and lymph nodes 

were collected for histopathology, bacteriological culture and polymerase chain reaction 

analysis. 

 

Results 

On gross examination, the organs showed no significant alterations; however, microscopically, 

both animals had diffuse lymphadenitis with macrophage infiltration and deposition of hyaline 

material in the centre of the lymphoid follicles. The presence of MAP was confirmed by 

isolation in bacteriological culture and detected by molecular methods in multiple organs of 

both animals. 

 

Conclusions 

The occurrence of paratuberculosis infection has been well documented in non-ruminant 

wildlife, but in wild carnivores studies of MAP infection are scarce. Herein we confirm that 

Eurasian otters can be a carrier of mycobacteria, specifically of MAP, which, to the best of our 

knowledge, has never been described before. 
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Abstract 

 

Paratuberculosis, or Johne's disease, caused by Mycobacterium avium subsp. paratuberculosis 

(MAP), is a chronic granulomatous enteritis affecting both domestic and wild ruminants. The 

present work is part of a wider set of studies designed to assess the prevalence of 

paratuberculosis in free ranging red deer (Cervus elaphus). With that purpose, 877 free-ranging 

red deer legally hunted in the Centre-eastearn Portugal were submitted to necropsy and sampled 

for molecular methods, microbiology and histopathology. Thirty-seven (4.2%) kidneys 

revealed acid-fast bacilli when screened with the Ziehl-Neelsen technique. MAP was detected 

by IS900 polymerase chain reaction (PCR) in thirty (81.1%) of the Ziehl-Neelsen positive 

kidneys. Subsequent PCR and/or culture from the different organs of the 37 examined animals 

allowed us to detect 86.4% (32 animals) infected red deer. Our results suggest that renal 

involvement in MAP infected deer may be underdiagnosed and thus the routine examination of 

this organ and its inclusion in PCR techniques designed for MAP detection could substantially 

improve the diagnostic of paratuberculosis in red deer. 

 

Key words: Histopathology; kidney; Mycobacterium avium subsp. paratuberculosis; PCR; red 

deer 
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Introduction 

Paratuberculosis (Johne's disease) is a chronic infectious disease affecting wild and domestic 

ruminants caused by Mycobacterium avium subsp. paratuberculosis (MAP). The disease is 

prevalent worldwide and has a significant financial impact on those affected (Losinger, 2006). 

It has been also suggested that MAP could be part of a causal structure or an opportunistic agent 

in human Crohn’s disease, which is still being discussed (Waddell et al., 2008). 

In Europe, paratuberculosis infection has been reported in red deer (Cervus elaphus) (Power et 

al., 1993, Robino et al., 2008, Moravkova et al., 2008), fallow deer (Dama dama)(Marco et al., 

2002), roe deer (Capreolus capreolus) (Robino et al., 2008), and other wild species. Clinical 

signs of paratuberculosis in deer are similar to signs of the disease in sheep and cattle, with 

diarrhea, loss of weight and body condition (Reyes-García et al., 2008). 

The detection of mycobacteria by culture or molecular methods and the evaluation of 

histopathological lesions constitute the most effective methods for confirming a diagnosis of 

paratuberculosis (Clark et al., 2010, Martín-Hernando et al., 2007). A diagnosis based on the 

detection of IS900-specific sequences of MAP by polymerase chain reaction (PCR) from tissue, 

faeces and blood is considered to be very quick and highly specific (Stina, 2003, Coelho et al., 

2008b, Castellanos et al., 2012, Singh et al., 2007) and according to Preziuso et al. (2012), the 

most sensitive technique for detecting MAP, especially in extraintestinal samples. 

The main objective of the present work is to assess the prevalence of paratuberculosis in free 

ranging red deer. For that purpose, the animals included in this study were submitted to 

necropsy and sampled for molecular methods, microbiology and histopathology. Typically, the 

small intestine and associated lymph nodes are the most important organs in the pathogenesis 

of paratuberculosis, but other organs may be also involved, a subject that has never been 

addressed in red-deer. Considering this aspect, it was deemed relevant to ascertain the 

usefulness of screening other organs for paratuberculosis-like lesions and MAP detection. The 

data obtained with this study would improve the knowledge on the disease pathogenesis and 

diagnosis and could also help to prioritize the allocation of disease control resources in wild 

animals. 
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Materials and methods 

Animals and samples 

This study was based on 877 free-ranging red deer legally hunted in the Idanha-a-Nova (39° 

55′ 11″ North, 7° 14′ 12″ West) and Penamacor (40° 10′ 8″ North, 7° 10′ 14″ West) cities (in 

Castelo Branco; east-central Portugal) during the period 2009-2011. Species were examined by 

a veterinarian. For animals that presented any visible gross lesion or animals that showed loss 

of weight or a rough coat, multiple tissues were collected and subjected to acid-fast staining, 

mycobacterial culture, polymerase chain reaction (PCR), and histopathological examination. 

The samples consisted of retropharyngeal, mediastinal, bronchial and several mesenteric lymph 

nodes, palatine tonsil, lung, kidney, ileocecal valve and distal jejunum and ileum and urine 

collected at the post mortem examination. All tissues collected were removed using routine 

procedures developed to ensure that the likelihood of cross-contamination between samples and 

animals was minimised. Both kidneys from the 877 animals were tested by the Ziehl-Neelsen 

method. 

All the samples were held frozen in individual sterile containers at -80 ºC until they were 

subjected to microbiological and PCR analysis. Date of collection, location, sex, as well as 

some particular features of the animals was recorded. The age was estimated by the teeth 

eruption patterns: animals less than 12 months old were classified as juveniles, those between 

12 and 24 months as yearlings, and those more than two years old as adults (Saénz-de-Buruaga 

et al., 1991). 

 

Post mortem examination 

The necropsy examination included detailed macroscopic inspection of lymph nodes and 

abdominal and thoracic viscera. This examination routinely included the parotid lateral and 

medial retropharyngeal and submandibular lymph nodes of the head. The tracheobronchial and 

mediastinal lymph nodes and lungs were examined within the thorax. Within the abdomen, the 

hepatic, mesenteric and ileocaecal lymph nodes, ileocaecal valve, liver, kidneys and spleen 

were examined. Any gross lesions in other locations were also recorded. Lymph nodes were 
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dissected and sectioned serially. Imprint preparations of tissue samples were stained by the 

Ziehl-Neelsen (ZN) method to detect acid-fast bacilli (AFB). In each sample, at least 100 

different fields were examined under an oil-immersion objective (100x). Tissue samples were 

fixed in a 10% neutral buffered formol-saline-solution by immersion. Fixed tissue samples were 

processed for histopathology using routine techniques for paraffin embedding. Tissues were 

sectioned at 4 μm, stained with haematoxylin and eosin (HE) and the ZN technique. 

Microscopic lesions were evaluated regarding the presence and type of necrosis, the 

inflammatory infiltrate and the presence or absence of acid-fast organisms. 

 

Culture 

Culture methodology was performed as described by Juste et al. (1991) and Aduriz et al (1995). 

Samples from all animals were decontaminated with 0.75% (w/v) hexadecyl pyridinium 

chloride (HPC; Sigma-Aldrich, Milano 20151, Italy) for 18 h, and cultured, in duplicate, using 

five specific media, supplemented with a mix of amphotericin B (50 mg/L), penicillin (100,000 

U/L) and chloramphenicol (100 mg/L) (Sigma-Aldrich, Italy). 

The five media used in this study were Löwenstein-Jensen medium (Liofilchem, Roseto degli 

Abruzzi 64026, Italy), Löwenstein-Jensen medium with mycobactin J (Synbiotics Europe SAS, 

Lyon 69367, France), Löwenstein-Jensen medium with sodium pyruvate without glycerol, 

Middlebrook 7H11 medium supplemented with OADC (oleic acid-albumin-dextrose-catalase) 

(Becton Dickinson, Franklin Lakes, New Jersey, USA) and Middlebrook 7H11 medium 

supplemented with OADC and sodium pyruvate without glycerol. All culture media were 

incubated at 37ºC for 8-12 months, and checked every week for mycobacterial growth or 

contamination with undesirable microorganisms. Colonies with compatible mycobacterial 

morphology were tested for acid fastness bacilli by the Ziehl-Neelsen stain of smears method. 

The mycobacterial isolates were tested for MAP confirmation by the PCR methods described 

above.  
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DNA isolation 

DNA isolation from kidney samples was carried out in duplicate by using a commercial DNA 

isolation kit (DNeasy Blood & Tissue® Kit, Qiagen, Hilden, Germany) and stored at -20 ºC 

until used. DNA from bacteria isolated on kidney culture was extracted by taking a loop-full 

from a culture of Löwenstein-Jensen grown containing mycobactin, transferred to a 

microcentrifugal vial containing 100 l 10 mM Tris-HCl/ Triton X-100 1% / 1 mM EDTA 

(TTE) and incubated for 20 min at a temperature of 95 ºC. After centrifugation, the supernatant 

was stored at -20 ºC until used. 

 

Polymerase chain reaction (PCR) 

DNA from samples and from bacteria was tested in duplicate for MAP using the primers RJ1 

(GTT CGG GGC CGT CGCTTA GG) and PT91 (CCC ACG TGA CCT CGC CTC CA) 

flanking a region of 389 bp were used for amplification of the IS900 sequence of MAP. Each 

amplification reaction (final volume of 20 µL) was constituted by 3 µL DNA, 1 µL of each 

primer (10 µM), 10 µL Taq-PCR master mix (Qiagen) and 5 µL ultra-pure distilled water 

(Qiagen). 

DNA amplifications were performed in a thermocycler with an initial step of 2 min at 96ºC, 

followed by 40 cycles of 30 s at 95ºC, 30 s at 55ºC and 1 min at 72ºC, and a final 10-min 

extension at 72ºC. Samples of 20 µL PCR products were analyzed on 1.0% agarose gels running 

at 90 V for 1 h. The gels were stained using ethidium bromide. In Addition to the samples, a 

positive (MAP DNA) and a negative (water) preparation control as well as a blank control were 

included. 

 

Data analysis 

The association between the gross lesions in the organs and the infection status was analysed. 

The animals were classified as infected if MAP was isolated in the organs by culture or detected 

by PCR, and uninfected if no MAP was isolated or detected. The severity of the gross lesions 

was quantified using the scoring system adapted from Zanella et al. (2008), described in Table 

1.  
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Results 

A total of 877 free-ranging red deer were examined. Thirty-three (3.8%) animals out of 877 had 

gross lesions compatible with paratuberculosis in several organs (seven of these (0.8%) had 

gross lesions in kidneys). All kidneys from the 877 animals were screened by the ZN method. 

Thirty-seven (4.2%) kidneys tested positive by ZN of which eight (21.6%) were juveniles, eight 

(21.6%) were sub-adult, and 21 (56.8%) were adults. The presence of MAP in kidneys was 

confirmed by PCR in thirty (81.1%) out of the 37 kidney samples positive to the ZN technique.  

Gross lesions in mesenteric lymph nodes were detected in 31 (84%) animals out of the 37 

studied animals. Seven (18.9%) had also gross lesions in the kidneys. The presence of MAP in 

mesenteric lymph nodes was confirmed by PCR in 25 (67.6%) out of the 37 animals. Four of 

25 animals showed no gross lesions. 

Mycobacterium avium subsp. paratuberculosis was cultured from 27% studied animals in 

several organs (10/37), 10.8% of which (4/37) were kidney samples. All colonies obtained were 

positive by IS900 PCR. Urine culture was negative in all the animals tested. Taking into account 

the results from the combination of both methods (PCR and culture), infection occurred in 32 

animals. Of the 32 infected animals, 43.8% had lesions in the ileocecal valve, 71.9% in the 

lungs, and 15.6% in the retropharyngeal nodes. 

Lesions found in the ZN positive kidney smears from C. elaphus were of a solitary nature or 

multifocal, with the exception of one case of interstitial chronic nephritis. Lesions consisted of 

granulomas, which varied in size from microscopic to up to 1cm in diameter in the cases with 

a solitary lesion. In most of the cases, the core of the granuloma was composed by necrotic 

debris of caseous nature (10.8%), surrounded by inflammatory cells, namely lymphocytes 

(16.2%), plasma cells, macrophages, and occasional epithelioid macrophages, but also 

neutrophils (13.5%). Langhans multinucleated giant cells (13.5%) were present in the 

granulomatous lesions but calcification was absent in all the observed cases. Only a small 

percentage (5.4%) presented liquefactive necrosis at the centre of the granulomatous lesion. No 
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mycobacteria was visualized in the organ samples submitted to histopathological examination 

and bacilloscopy. 

Generalised disease, corresponding to a score of 4 was observed in 18 (60.0%) infected animals. 

With a score of 3, two (6.7%) animals had lesions in the lungs with or without the involvement 

of abdominal organs (Table 1). 

 
Table 1 

Distribution of scores for diversity of paratuberculosis-like lesions and PCR positive in kidneys in red deer in 
Portugal. 

Score Characteristics of lesions** Kidney PCR positive, 
n (%)* 

Total number of 
kidneys, n (%)* 

1 No visible lesions 1 (50.0) 2 (5.4) 

2 Lesions in at least one type of lymph node 
(retropharyngeal, pulmonary such tracheal, 
bronchial and mediastinal lymph nodes or 
mesenteric) and no lesions in internal organs 

9 (81.8) 11 (29.7) 

3 Lesions in internal organs (lungs, liver, kidney)  2 (100) 2 (5.4) 

4 Lesions in at least one type of lymph node 
(retropharyngeal, pulmonary or mesenteric) and 
lesions in internal organs 

18 (81.8) 22 (59.5) 

*No significant associations were found between scores and PCR in kidneys; **Adapt from Zanella et al. (Zanella et al., 2008) 

 

Discussion 

Mycobacterium avium subsp. paratuberculosis is one of the most common causal agents of 

mycobacterial infection in deer (Ayele et al., 2001). MAP has been previously isolated from 

hepatic lymph nodes and spleen in deer (Machackova-Kopecna et al., 2005), but as far as we 

know, this is the first time it has been detected in deer kidneys, and it is the first report of the 

disease in the free-ranging population in Portugal. In fact, MAP in kidneys was previously 

reported in cows with advanced paratuberculosis (Mutharia et al., 2010), however it was not 

referred to in wild deer. 

The classification parameters of paratuberculosis lesions suggested for other species appears to 

be valid and applicable to red deer (Balseiro et al., 2008). The results of previous studies suggest 

that MAP infection in red deer has an important role in their mortality and in calf mortality 
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(Reyes-García et al., 2008). Paratuberculosis was confirmed in 30 of the 37 deer using 

histopathology, molecular and microbiological methods. Necropsy revealed gross lesions in 36 

animals. The gross lesions observed were consistent with those previously documented 

(Martín-Hernando et al., 2007, Clark et al., 2010, Carta et al., 2011). Our results agree with 

previous studies that suggest that smears stained with Ziehl-Neelsen are good indicators of 

infection, and could be used to screen tissue for the presence of compatible organisms that could 

be confirmed by other methods with the added advantage of being inexpensive and fast (Coelho 

et al., 2008a). 

MAP was previously detected in kidneys in cows with advanced Johne's disease (Mutharia et 

al., 2010). The jejunum, ileum and associated lymph nodes would seem to be the site of choice 

for seeking evidence of paratuberculosis in deer (Balseiro et al., 2008). However, kidneys 

appear as an organ of choice too. Based on the lack of knowledge/information regarding which 

Mycobacterium could be found in samples, we used 5 different culture media in order to 

increase sensitivity by meeting the growth requirements of diverse Mycobacterium. 

PCR in kidneys was positive in one deer, while negative in both histopathology and culture. 

Our results showed that in some cases kidneys had sufficient bacterial DNA to allow 

identification by PCR, even when tissue culture was negative and histopathology or gross 

pathology were negative. One plausible explanation is that the same piece of tissue cannot be 

used simultaneously for histopathology, culture and PCR, and that the portion saved for 

microbiological purposes might not contain any mycobacteria or lesions. 

Secondly, PCR does not require the presence of viable organisms, whereas it is necessary for 

bacterial culture (Miller et al., 2002). PCR has several advantages over current microbiological 

methods such as speed, simplicity and no necessity for viable organisms (Ellingson et al., 2005). 

However, it can fail to detect the agent in a significant proportion of animals with focal lesions 

(Balseiro et al., 2008). This may be due to the inability to detect small numbers of mycobacteria 

or to the presence of unusual forms of mycobacteria (Balseiro et al., 2008). Several authors 

have reported that in contrast to clinical symptoms of the disease in cattle, paratuberculosis in 

deer may often be clinically diagnosed in younger rather than older animals, in which severe 

emaciation and occasionally mortality are observed. Older animals appear to become more 

resistant to the infection and are less susceptible to the disease (Mackintosh et al., 2004, 

Machackova-Kopecna et al., 2005, Mackintosh et al., 2010). However, in our study we found 
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more infected adults. These results are important because age classes may influence the 

epidemiology of paratuberculosis in deer (Mackintosh et al., 2010). A recent study on the 

Iberian Peninsula suggests that it is unlikely that wild red deer make a significant contribution 

to the continuation of MAP infection in the region (Carta et al., 2011). However, in Spain, a 

serological study in red deer population revealed that 30.2% of the animals sampled were 

positive (Reyes-García et al., 2008). Red deer are an economically important game species in 

Portugal (Barbosa et al., 2009) and share pastures and waterholes with sheep, goats, cows and 

a variety of wild animals such as foxes and wild boar, thus the study of paratuberculosis’ 

prevalence should be regarded as a matter of great epidemiological significance.  

Our study suggests that renal involvement by paratuberculosis infection may be underdiagnosed 

in red-deer (C. elaphus). The routine examination of these organs as well as their inclusion in 

PCR techniques designed for MAP detection could improve the diagnosis of paratuberculosis 

in this species. In fact, and being aware that cost-benefit and time are important factors in a 

diagnostic laboratory, the combined results of histopathology and PCR in kidneys obtained in 

the present study suggests that they represent effective tools in the diagnosis of 

paratuberculosis, as they are fast and relatively inexpensive to perform.  
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Introduction 

In Europe, paratuberculosis infection has been described in red deer (Cervus elaphus). 

Mycobacterium avium subsp. paratuberculosis (MAP) in kidneys was previously reported in 

cows with advanced paratuberculosis; however, it has not been identified in wild deer. 

 

Material and Methods 

Kidneys from 37 red deer from the centre of Portugal were examined for the presence of MAP 

by culture, IS900 polymerase chain reaction (PCR) and histopathology. Samples also included 

intestine and associated lymph nodes in which the same analytical procedures were performed. 

 

Results 

Lesions found in the kidneys of Cervus elaphus were of solitary nature or multifocal, with the 

exception of one case of chronic interstitial nephritis. Lesions consisted of granulomas, with a 

caseous nature, which varied in size from microscopical to up to 1 cm in diameter. Calcification 

was absent in all the observed cases. Only a small percentage (5.4%) of lesions had liquefactive 

necrosis at the centre of the granulomata. No mycobacteria were visualized in the organ samples 

submitted for histopathological examination and bacilloscopy. MAP was cultured from 13.5% 

kidney samples and MAP PCR identification allowed us to detect 81.1% of the infected red 

deer. 

 

Conclusions 

Granulomatous renal lesions may be associated with MAP infection. MAP circulates widely 

among populations of wild cervids in Portugal. 
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Abstract 

 

Paratuberculosis, or Johne's disease, caused by Mycobacterium avium subsp. paratuberculosis, 

is a chronic granulomatous enteritis affecting both domestic and wild ruminants. The agent was 

also found in wild mammals such as wild boar (Sus scrofa), however the role of wild mammals 

in the epidemiology of MAP is unclear. During the research period, 589 free-ranging wild boar 

(Sus scrofa) legally hunted in the two locations in the Centre-eastern of Portugal, were 

examined. Ninety-seven wild boars showed one or more gross lesions, and were tested for the 

presence of Mycobacterium avium subsp. paratuberculosis. Forty-five animals (46.4%, 95% 

CI: 36.5-56.3%) were classified as infected, indicated by the positivity in culture and/or in PCR. 

The results showed that the strongest risk factor was being a juvenile compared to yearlings 

and adults (OR = 10.16, 95% CI: 2.15-48.03). According to our results, 37.9% (n=11) of the 

infected animals were approved for human consumption. Our findings suggest that wild boars 

could be a source of human infection if zoonotic potential is considered. 

 

Key words: Age, culture; paratuberculosis; PCR; wild mammals 
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Introduction 

Domestic ruminants are naturally susceptible to Mycobacterium avium subspecies 

paratuberculosis (MAP), which is the causative agent of chronic granulomatous enteritis 

known as paratuberculosis or Johne’s disease (Stehman, 1996). MAP has been isolated in 

different free-living ruminant species, such red deer (Cervus elaphus), fallow deer (Dama 

dama), and roe deer (Capreolus capreolus), which grazed on pastures that were simultaneously 

or previously used for domestic ruminants (Kopecna et al., 2008, Matos et al., 2013), as well as 

in non-ruminant wildlife, such as wild boar (Sus scrofa) (Kopecna et al., 2008, Machackova et 

al., 2004, Matos et al., 2013), red fox (Vulpes vulpes) (Anderson et al., 2007, Florou et al., 2008, 

Matosa et al., 2013 ), Eurasian otter (Lutra lutra) (Matos et al., 2014), European badger (Meles 

meles) (Beard et al., 2001, Matos et al., 2014), Egyptian mongoose (Herpestes ichneumon) 

(Matos et al., 2014), and wild rabbits (Maio et al., 2011), however the role of wild mammals in 

the epidemiology of MAP is unclear because these species do not usually exhibit the classical 

clinical signs of paratuberculosis (Coelho et al., 2013, Kopecna et al., 2008, Machackova et al., 

2004). Many factors can influence the prevalence and the spread of paratuberculosis and contact 

between wildlife/domestic animals could be a risk factor for MAP transmission (Kopecna et 

al., 2008, Martin et al., 2011, Stevenson et al., 2009). 

In Portugal, wild boar has been a common species since the second half of the 20th century 

(Ferreira et al., 2009). Accurate estimates of the prevalence and impact of paratuberculosis in 

wild mammals in Portugal are not available. Since it was first reported in Portugal in 1983, 

there have only been a few surveys organized to estimate ovine paratuberculosis prevalence at 

the regional level (Coelho et al., 2008, Coelho et al., 2007). 

Detection of bacteria by culture or molecular methods and evaluation of histopathological 

lesions constitute the most accurate diagnosis of paratuberculosis (González et al., 2005, Coelho 

et al., 2013). PCR assay is one of the most up-to-date methods used for various purposes since 

it can detect small amounts of DNA and be much faster when compared to other techniques 

(Álvarez et al., 2011). Public Health concerns about the presence of MAP in food, such as meat 

and milk, are increasing due to accumulating data which link MAP to human Crohn’s disease 

(CD), a chronic incurable low-grade inflammation of the terminal ileum (Nacy and Buckley, 



Chapter III ● Mycobacterium avium Complex (MAC) 

170 
 

2008). Recent studies have shown that MAP is also implicated in Diabetes mellitus type I, and 

in Blau syndrome tissues (Cossu et al., 2011, Dow and Ellingson, 2010). 

The main objectives of the present study were to assess the presence of MAP in wild boars and 

to study risk factors associated with the infection.  

 

Material and methods 

Animals and samples 

This study was based on 589 free-ranging wild boar (Sus scrofa) legally hunted in the Idanha-

a-Nova (39° 55′ 11″ North, 7° 14′ 12″ West) and Penamacor (40° 10′ 8″ North, 7° 10′ 14″ West) 

cities (in Castelo Branco; east-central Portugal) during the period 2009-2011. All the animals 

were examined, at the local, by a qualified veterinarian, and the animals that presented any 

visible gross lesion or which showed loss of weight or a rough coat (n=97), multiple tissues 

were collected and subjected to acid-fast staining, mycobacterial culture, polymerase chain 

reaction (PCR) and a histopathological examination. Samples consisted of retropharyngeal, 

mediastinal, bronchial and mesenteric lymph nodes, palatine tonsil, lung, liver, spleen, kidney, 

ileocecal valve, distal jejunum and ileum, collected at the post mortem examination. All the 

tissues collected were removed using routine techniques developed, to ensure that the likelihood 

of cross-contamination between samples and animals was minimised, and divided into three 

portions: two portions were frozen and stored at -80 ºC for PCR assays and mycobacterial 

culture, and the other was immediately fixed in 10% neutral buffered formalin.  

Date of collection, location, sex, body condition and some other relevant features of the animals 

was recorded. Animals were aged by the evaluation of tooth eruption and replacement patterns: 

animals less than 12 months old were classified as juveniles, those between 12 and 24 months 

as yearlings, and those over two years of age as adults (Vicente et al., 2004). 

 

Pathological examination  

A complete necropsy examination was performed and included detailed macroscopic inspection 

of lymph nodes. Within the thorax and abdomen, different organs were examined for gross 
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pathology. Representative tissue samples were collected and imprint preparations were stained 

by the Ziehl-Neelsen (ZN) acid–fast stain. Tissues (lymph nodes, lungs, ileocaecal valve, 

intestine, liver, kidney and spleen) were fixed in 10% formaldehyde and embedded in paraffin 

wax. Sections (4 μm) were stained with hematoxylin and eosin (HE) and with ZN for 

histopathological observation. Lesions with regard to the type of cellular infiltration and the 

presence of acid-fast organisms were observed and recorded.  

 

Tissue culture 

Culture methodology was performed as described previously (Matos et al., 2014). Briefly five 

media used in the study were Löwenstein-Jensen (LJ) medium (Liofilchem, Italy), LJ medium 

with mycobactin J (Synbiotics Europe SAS, France), LJ medium with sodium pyruvate without 

glycerol, Middlebrook 7H11 medium supplemented with OADC (oleic acid-albumin-dextrose-

catalase) (Becton Dickinson, USA) and Middlebrook 7H11 medium supplemented with OADC 

and sodium pyruvate without glycerol. 

Colonies with typical mycobacterial morphology were stained with ZN method and if acid-fast 

bacteria were present they were tested for MAP detection by the PCR based on IS900. Acid-

fast bacteria that tested negative for MAP by PCR were further examined to determine their 

identity using PCR amplification of the 16SrDNA gen as described below (Moravkova et al., 

2008). 

 

DNA extraction 

According to manufacturer instructions, genomic DNA was extracted from tissues with a 

commercial DNA preparation kit (DNeasy Blood and Tissue Kit, Qiagen, Germany). DNA 

from colonies was extracted by transferring a loop-full from a culture to a microcentrifugal vial 

containing 100 L 10 mM Tris-HCl/Triton X-100 1%/1 mM EDTA, and then incubated for 20 

min at a temperature of 95 ºC, and centrifuged to obtain the supernatant. DNA samples were 

stored at -20 ºC until used as the template in PCR assays. 
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Polymerase chain reaction (PCR) 

The identification as MAP was confirmed by PCR using IS900 primers RJ1 (GTT CGG GGC 

CGT CGCTTA GG) and PT91 (CCC ACG TGA CCT CGC CTC CA) for generated a 389 bp 

product. The PCR mix consisted of 3 µL DNA, 1 µL of each primer (10 µM), 10 µL Taq-PCR 

master mix (Qiagen, Germany) and 5 µL ultra-pure distilled water (Qiagen, Germany) in a final 

volume of 20 µL. 

Amplification was achieved using the following conditions: 2 min at 96ºC, followed by 40  

cycles of 30 s at 95ºC, 30 s at 55ºC and 1 min at 72ºC, and a final 10-min extension at 72ºC. 

Samples of 20 µL PCR products were analyzed on 1.0% agarose gels running at 90 V for 1 h. 

The gels were stained using ethidium bromide. In addition to the samples, a positive (MAP 

DNA) and a negative (water) preparation control as well as a blank control were included. 

Samples that tested negative for MAP by PCR were tested initially by a modified PCR for 16S 

rDNA reaction as described by Moravkova et al. (2008). This assay allows for the identification 

of DNA from bacteria from the genus Mycobacterium and the differentiation between M. avium 

and M. intracellulare other atypical mycobacteria. The PCR amplification reaction was 

performed in a total volume of 20 µl containing 2 µl of isolated DNA, 1 µl of each primer (10 

mM) and 10 µl of Taq PCR Master Mix (Qiagen). Specific primers for this assay MYCGEN-F 

(50- AGAGTT TGA TCC TGG CTC AG -30), MYCGEN-R (50- TGC ACA CAG GCC ACA 

AGG GA -30), MYCAV-R (50- ACC AGA AGA CAT GCG TCT TG -30) and MYCINT-F 

(50- CCT TTA GGC GCA TGT CTT TA -30) were used. A negative control (sterile water) and 

a positive control DNA from M. avium paratuberculosis strain ATCC19698 were included in 

each amplification run. An amplification product of 1030 bp is indicative of the genus 

Mycobacterium, an 850 bp fragment for M. intracellulare and a fragment of 180 bp is positive 

for M. avium species. 

 

Data analysis 

The association between the clinical and pathological parameters and the infection status was 

analysed. The animals were classified as infected if MAP was isolated in the organs by culture 

and /or detected by PCR in tissue samples, and as uninfected, if no MAP was isolated or 
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detected. For the purpose of statistical analysis, the three age classes were transformed in two 

age classes: one class of juveniles and sub-adults and the other of adult subjects. The infection 

status was analysed using contingency tables and Qui-square test (two-sided). Test statistics 

were considered significant at p < 0.05. Univariate analysis was carried out using Qui-square 

test analysis. Confidence limits for the proportions were established by exact binomial test with 

a 95% confidence interval (CI). All statistical analysis was conducted using the statistical 

software package SPSS®19.0. 

 

Results 

From the 589 ranging wild boar (Sus scrofa) hunted and observed, 97 showed one or more gross 

lesions and were microbiological and pathological studied. Forty-nine (50.5%) sampled 

animals were female and 48 were male. Fifteen (15.5%) animals were juveniles, thirty-eight 

(39.2%) sub adults and 44 (45.4%) adults. The mean age of the animals for which we have age 

estimates were 2.3 years and the oldest animal was six years old.  

PCR assays revealed DNA from the Mycobacterium genus in 35 (36.1%) of the 97 samples. 

These were identified as M. avium in 32 (32.9%) samples, detected by 16S rDNA PCR. 

Mycobacterium avium subsp. paratuberculosis was detected by PCR in mesenteric lymph 

nodes from 30 (30.9%) and were also positive in three (3.1%) retropharyngeal lymph nodes and 

in eight (8.2%) kidneys. 

The agent was isolated by culture from 21 (21.6%) of the 97 animals. The isolates were found 

in mesenteric lymph nodes, in the intestinal and pulmonary lymph nodes, intestinal mucosa and 

kidney. 

In the 28 mesenteric lymph nodes with lesions in Sus scrofa reported as granulomatous 

lymphadenitis, the presence of lymphocytes cells (27; 96.4%) and caseation necrosis (22; 

78.6%) were the most common features. Lesions were always multifocal and ranged from 

occasional proliferative lesions, with less than 1 cm in diameter (71.4%), of necrotic 

granulomas to large areas of granulomatous lesions, more than 1 cm (28.6%) in diameter, of 

either necrotic or necrotic calcified granulomas. The calcification area was smaller or similar 

to the necrotic area. The granulomas were typically composed of a necrotic core, surrounded 
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by a population of lymphocytes, plasma cells, macrophages and epithelioid macrophages, 

frequently separated from the normal parenchyma by a peripheral fibrous capsule. 

Multinucleated giant cells, which occurred in 21.4% of the cases, were always of the Langhans 

type. In the majority of the lesions (24.7%), the necrotic core was formed by caseated material, 

but in many cases (16.5%), liquefactive necrosis was also present at the centre of the 

granulomatous lesion. In those cases, bacterial colonies (non micobacterial) and neutrophils 

(12.4%) were observed respectively within the core and the surrounding inflammatory cell 

population. A small percentage of cases (7.1%) showed exclusively liquefactive necrosis at the 

centre of the lesion. Of the 28 lymph nodes with histopatological diagnosis of granulomatous 

lymphadenitis, 15 (53.6%) were PCR negative and 22 (78.6%) culture negative. One specimen 

was PCR negative in spite of its culture positivity. Culture was negative in eight specimens 

which were PCR positive (Table 1). 

 

Table 1 

Results of culture and PCR in granulomatous lymphadenitis (n=28) 

 PCR negative PCR positive Total 

Culture negative 14 8 22 
Culture positive 1 5 6 

Total 15 13 28 

 

Forty-five animals (46.4%, 95% CI: 36.5-56.3%) were classified as infected, as indicated by 

the positivity in culture and/or in PCR. Of these animals, three (6.7%) were hunted in 2009, 29 

(64.4%) in 2010 and 13 (28.9%) in 2011. MAP was isolated and/or detected from wild boar 

from one out of the two study areas (Idanha-a-Nova). 

Infection rates for age classes were 28.9% in juveniles, 35.6% in yearlings, and 35.6% in adults. 

This difference was statistically significant (p= 0.001). Infection rates were 57.8% for males 

and 42.2 % for females. This difference however, was not statistically significant (p= 0.129). 

Of the 33 lymph nodes that tested positive by ZN smear, 22 (66.7%) belonged to animals 

classified as infected. 

Twenty-two infected animals (48.9%) had lesions in mesenteric lymph nodes, two (4.4%) had 

lesions in ileocecal valve, 12 (26.7%) in lungs, seven (15.6%) showed lesions in mediastinic 
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lymph nodes, 26 (57.8%) in retropharyngeal nodes, four (8.9%) in intestine, and three (6.7%) 

in kidneys. 

Twenty-nine (29.9%) wild boars studied were fit for human consumption and 68 (70.1%) were 

unfit. According to our results, 37.9% (n=11) infected animals were fit for human consumption. 

Four variables were associated (p<0.05) with infection in the univariate analysis. Table 2 shows 

the odds ratio and 95% confidence interval of those posing a potential risk and predictive factors 

associated with infection on a factor-by factor basis, calculated for the variables. These 

variables included: “Age”, “Lesions in lungs”, Lesions in mesenteric lymph nodes” and 

“Positive Ziehl-Neelsen smear in mesenteric lymph nodes”. 

 
Table 2 

Clinical and pathological parameters significantly associated to MAP infection. 

Clinical and pathological 
Parameters 

Animals 
n 

% Infection p OR 95% IC (OR) 

Age 
Juveniles 15 86.7  10.16 2.15-48.03 

Yearlings and adults  82 39.0 0.001   

Lesions in lungs 

Yes 17 70.6  3.42 1.10-10.63 

No 80 41.3 0.028   

Lesions in mesenteric lymph nodes 

Yes 32 68.8  4.02 1.63- 9.92 

No 65 35.4 0.002   

Positive Ziehl-Neelsen smear in mesenteric lymph nodes 

Yes 33 66.7  3.57 1.47-8.65 

No 64 35.9 0.004   

 

The results showed that the strongest risk factor was being a juvenile compared to yearlings 

and adults (OR = 10.16, 95% CI: 2.15-48.03). Another factor significantly related with 

increased odds for infection was the presence of lesions in lungs being higher in those having 

lesions when compared with animals without lesions (OR = 3.42, 95% CI 1.19-10.63). The 

presence of lesions in mesenteric lymph nodes also increased the risk of being infected (OR = 

4.02, 95% CI:  1.63-9.92). In his study, those animals that had positive result in Ziehl-Neelsen 
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smears (OR = 3.57, 95% CI: 1.47-8.65) displayed a higher probability of being considered as 

infected.  

 

Discussion 

In the present study we demonstrated that Mycobacterium avium subsp. paratuberculosis was 

widespread in some tissues of wild boar hunted for consumption in Portugal. Álvarez and 

collaborators (2005) reported 1.5% (with a confidence interval of 95 %) prevalence of 

paratuberculosis in wild boar in southern and western Spain, with similar environmental and 

host population characteristics, which is considerably lower than the MAP infection rate 

estimated in the present study (7.6%). 

Wildlife diseases that affect human and livestock health as well wildlife conservation are a 

serious concern worldwide. Due to high migration radius and growing populations, wild boar 

represent an epizootiological problem. They feed on vegetables (principally fruits, seeds, roots 

and tubers), small vertebrates, pheasants, hares, and deer, as well as carcasses of wild mammals 

that may be infected with causative agents of mycobacterial diseases (Trcka et al., 2006, 

Machackova et al., 2003). 

Based on the results of different studies around the World, it is evident that wild boars are 

vectors of causative agents of MAP infections and a considerable hazard of transmission of 

mycobacterial infections. These infections mainly exist in areas where ruminants and domestic 

pigs in pastures have been used. They may also be the sources of mycobacteria in other wild 

animals (Trcka et al., 2006, Machackova et al., 2003). Faecal contamination of the environment 

by MAP infected ruminants is considerable. The agent has survival abilities in diverse range of 

environmental conditions. The most probable transmission route from wildlife to cattle is 

indirect contact by the faecal-oral route, contaminated pasture being the source of infection 

(Raizman et al., 2005). According to the examined wildlife and the number of infected animals, 

we presume that the prevalence of the infection is very high and can be influenced by a higher 

density of wild boar in the study area (Santos et al., 2009). Densities of wild boar reported in 

the Iberian Peninsula, range from 1.7 to 12.5 animals/100 hectares (Santos et al., 2009, Rosell 

et al., 2001). Since in Portugal, there is an overpopulation of wild boars (Ferreira et al., 2009), 

the impact of these animals on the spread of infection might be very significant. 
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There are several possible reasons why samples tested positive in one test and not in others, 

like the limited distribution of focal lesions, or the excessive detection limit of the culture 

methods employed, the presence of a low number of small-sized lesions, heterogeneous 

distribution of the organisms (Pavlik et al., 2000), and losses caused by the decontamination 

procedures used on tissue samples (Reddacliff et al., 2003). Another possibility could have been 

the cases of paucibacillary paratuberculosis which characteristically show the presence of few 

organisms in infected tissues or faeces (Vansnick et al., 2005). However, the culture protocols 

and decontamination used in this study are well-established routine methods (Pavlik et al., 

2000) and appropriate controls were incorporated using spiked samples. 

The major risk factor found in this study was the age. Infection rates in our samples were higher 

in juveniles compared to yearlings and adults. The mechanism of age-related susceptibility to 

MAP infection is not known, but may be related to the increased Peyer’s patches in the intestine 

of younger animals as well as the immaturity of M-cells, dendritic cells and lymphocytes 

(Mackintosh et al., 2010). 

The risk of being infected was significantly higher in animals that had lesions in the lungs and 

in the mesenteric lymph nodes which suggest that the respiratory and alimentary routes of 

infection both occur in nature. Slaughter hygiene is crucial due to the high prevalence of MAP 

in mesenteric lymph nodes of wild boar. The lymph nodes should be removed to prevent the 

cross-contamination to other parts of the carcass and to other carcasses. 

The histopathological parameters observed were consistent with previous reviews reported by 

Álvarez et al. (2005) and Machackova et al. (2003). Our results suggest that smears stained with 

Ziehl-Neelsen are good indicators of infection, and could be used to screen tissue for the 

presence of compatible organisms that could be confirmed by other methods with the advantage 

of being cheap and fast. In some cases, acid-fast bacilli were microscopically detected in tissue 

but the organism could not be detected from tissue PCR and / or culture. Failure to detect MAP 

from tissues where numerous acid-fast bacilli were observed by the Ziehl-Neelsen technique 

may be attributed to non-mycobacterial positive ZN staining, possibly derived from bacteria of 

the Nocardia genus that are also visible as acid-fast bacilli (Prescott et al., 2002, Ayele et al., 

2004). 

A previous study showed that PCR examination of suspected tissue is the best way to confirm 

a prior diagnosis of MAP infection in wildlife (Slana et al., 2010). Our results also corroborated 
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this previous report that PCR is the most reliable technique for the identification of infected 

animals. 

The findings that infection may be subclinical and a high percentage of animals were hunted 

for human consumption, demonstrates the possibility that MAP can enter the food chain by 

ingestion of raw or low-heat treated meat. Even though we did not examination the muscles 

used for human consumption recent studies suggest that the probability of MAP presence in 

meat is higher (Smith et al., 2011, Pribylova et al., 2011). This study has also shown that wild 

boars are an important reservoir of MAP and thus, wild boar meat may be a source of MAP 

contamination for humans. 

In conclusion, this study provides evidence of the presence of MAP infection in European wild 

boars in Portugal and the juvenile susceptibility to infection. In addition, the detection of MAP 

in different organs suggests a disseminated infection.  

Since MAP is a potential human pathogen, extending our knowledge on MAP infection in wild 

boars is a priority. Further investigations are also required in other wild mammals in order to 

complete the picture of MAP infections in wildlife and to initiate control measures. 
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Abstract 

 

Several studies have demonstrated that wildlife reservoirs of mycobacteria, namely those 

causing tuberculosis and paratuberculosis, are responsible for the maintenance and spreading 

of the infection to livestock and wildlife counterparts. Recent data report the role of wild boar 

(Sus scrofa) as a reservoir Mycobacterium bovis. This study was conducted to evaluate the 

chronic inflammatory response in the mesenteric lymph nodes (MLN) of wild boar with 

granulomatous lymphadenitis (n=30). Morphological parameters of the lesions were recorded. 

The expression of CD3, CD79α was evaluated by immunohistochemistry. Molecular 

genotyping and culture to identify mycobacteria were performed. The lesions consisted mainly 

in stage III and stage IV granulomas. CD3 and CD79α positive cells were observed in 15 (50%), 

and in 11 (36.6%) MLN, respectively. In these lesions, higher percentages of T lymphocytes, 

were found and a limited number of animals exhibited a tendency for an increased percentage 

of B lymphocytes. Our results suggest that there are similar percentages and distribution 

patterns of CD3 and CD79 in the lesions, regardless the presence of Mycobacterium avium 

subspecies paratuberculosis (MAP), Mycobacterium bovis or MAP- Mycobacterium bovis co-

infection, and confirm that wild boar is both susceptible and may be an important MAP and 

Mycobacterium bovis wild reservoir in the study area. 

 

Key words: Immunohistochemistry; mesenteric lymph nodes; mycobacteriosis; wild boar; Sus 

scrofa 
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Introduction 

The potential role of wildlife in the maintenance and spread of mycobacterial infections, namely 

tuberculosis and paratuberculosis, in domestic livestock has been widely reported in various 

countries (Wilson et al., 2009; Lara et al., 2011). Infection by Mycobacterium bovis or closely 

related members to Mycobacterium tuberculosis complex (MTC) has been documented in 

several wild species, such as Eurasian badgers (Meles meles) in British Isles (Corner, 2006), 

Possums (Trichosurus vulpecula) in New Zealand (Porphyre et al., 2008), Egyptian Mongoose 

(Herpestes ichneumon) and red foxes (Vulpes vulpes) in Portugal (Matos et al., 2013b; Matos 

et al., 2014), red deer (Cervus elaphus) in New Zealand and in Britain (Mackintosh et al., 2004; 

Delahay et al., 2007) or white-tailed deer (Odocoileus virginianus) in USA (O'Brien et al., 

2001). Abundant recent literature also reports the role of Eurasian wild boar (Sus scrofa) as a 

reservoir for TB in Mediterranean and Atlantic ecosystems of the Iberian Peninsula (Hermoso 

de Mendoza et al., 2006; Zanella et al., 2008; Zanetti et al., 2008; Santos et al., 2009; Duarte et 

al., 2010). The pathological hallmark of TB is the granuloma, which in wild boar are localized 

and well delimited, affecting primarily head lymph nodes with rare generalizations (Bollo et 

al., 2000; Zanella et al., 2008). Paratuberculosis (Johne's disease) is a chronic infectious disease 

affecting wild and domestic ruminants caused by Mycobacterium avium subsp. 

paratuberculosis (MAP). The disease is prevalent worldwide and has a significant financial 

impact on those affected (Losinger, 2006; Lara et al., 2011; Coelho et al., 2013). In Europe, 

paratuberculosis infection has been reported in red deer (Cervus elaphus) (Power et al., 1993; 

Robino et al., 2008; Moravkova et al., 2008b), fallow deer (Dama dama) (Marco et al., 2002), 

roe deer (Capreolus capreolus) (Robino et al., 2008), and other non-ruminant wild species, 

including wild boar (Machackova et al., 2003; Álvarez et al., 2005; Kim et al., 2013). Reports 

in which MAP was isolated from Eurasian wild boar revealed that the infection can occur with 

or without lesions, the latter being more frequent. If present, lesions generally consist of 

granulomatous enteritis and mesenteric lymphadenitis (Machackova et al., 2003; Álvarez et al., 

2005). However, little is known about the wild boar immune response against naturally 

occurring mycobacterial infections. Furthermore, the reports on the immunopathogenesis of the 

granulomatous lesions found in this species are rather scarce. Recently, a study characterized 

the distribution of different lymphocyte subsets and macrophages in the granulomatous lesions 

of the head lymph nodes from wild boar naturally infected with Mycobacterium bovis 
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(Machackova et al., 2003; García-Jiménez et al., 2013b). However, a greater understanding of 

the pathogenesis of the naturally occurring mycobacterial infections is required, in particular, 

of the organs affected, the nature of the lesions, the organisms involved, as well as the specific 

immune responses. 

This study is part of a wider set of studies designed to estimate the prevalence of mycobacterial 

infections in wild hosts. The main goals of this study were to perform a morphological 

characterization of the granulomatous lesions in the mesenteric lymph nodes (MLN) of wild-

boar (Sus scrofa), to identify the mycobacteria present in the affected MLN, and to evaluate the 

distribution pattern of T and B lymphocytes in the lesions. 

 

Material and methods 

Animals and samples  

This study was based on 543 free-ranging wild boar (Sus scrofa) legally hunted in the Idanha-

a-Nova (39° 55′ 11″ North, 7° 14′ 12″ West) and Penamacor (40° 10′ 8″ North, 7° 10′ 14″ West) 

cities (in Castelo Branco; east-central Portugal) during the period 2010-2011. Animals were 

subjected to necropsy examination, which included detailed macroscopic inspection and 

incision of retropharyngeal and mandibular lymph nodes in the head, tracheobronchial and 

mediastinal lymph nodes in the thoracic cavity and mesenteric lymph nodes in the abdominal 

cavity. Brain, thoracic and abdominal viscera were also thoroughly macroscopically examined. 

 

Microscopic examination  

Cases for microscopic review were selected on the basis of the presence of macroscopic and 

microscopic granulomatous lesions in the MLN (n=30). 

Imprint preparations were made of MLN samples and stained by the Ziehl-Neelsen (ZN) 

method to detect acid-alcohol resistant bacilli (BAAR). In each sample, at least 100 different 

fields were examined under an oil-immersion objective (100x). Tissue samples were fixed in a 

10% neutral buffered formol-saline-solution by immersion and processed for histopathology 

using routine techniques for paraffin embedding. Samples were sectioned at 3 µm, and stained 
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with haematoxylin and eosin (HE), and the ZN technique for histopathological evaluation. 

Staging of the granulomatous lesions in the MLN was performed according to previously 

described methods for cattle and wild boar samples (Wangoo et al., 2005; Johnson et al., 2006; 

García-Jiménez et al., 2013a). This classification system includes four stages: stage I (initial), 

stage II (solid), stage III (minimal necrosis) and stage IV (necrosis and mineralization). 

Additional characterization of the granulomatous lesions was performed according to the 

classification suggested by Martín-Hernando et al. (2007). 

 

Immunohistochemistry 

For the identification of T-cells, one chain of the T-cell receptor (CD3) was used (Alibaud et 

al., 2000). The CD79α molecules was used to identify B-cells, since it is one of the two 

polypeptide chains of the CD79 molecule which is present in a wide range of mature B-cells 

(Mason et al., 1995).  

Immunohistochemistry was performed according to standard procedures. Antigen retrieval was 

obtained through microwaving sections in citrate buffer (10mM, pH=6). Endogenous 

peroxidases activity was quenched using a 3% solution of hydrogen peroxide. For CD3 

antibody (A0452, DAKO, Denmark), sections were blocked with “Large volume ultra V block” 

(Labvision Corporation, Fremont, CA, USA). The slides were then incubated with the primary 

polyclonal anti-CD3 antibody at the concentration of 1:50 in 2,5% BSA (A7906 SIGMA-

ALDRICH Bovine Serum Albumin, diluted in PBS, pH=7.4) at room temperature for 2 hours, 

washed and incubated with ‘Biotinylated goat anti-polyvalent secondary antibody’ and ‘Large 

volume streptavidin peroxidase reagent’ according to manufacturers’ instructions. After 

rinsing, the sections were incubated with diaminobenzidine (Novocastra, UK). For CD79α 

antibody (JCB117, Cell Marque, USA), tissue sections were incubated with “Protein Block” 

(NovoLink Max Polymer Detection System®, RE7290-K, Leica, United Kingdon), washed and 

incubated with the primary monoclonal anti-CD79α antibody at the concentration of 1:50 in 

5% BSA at room temperature for 2 hours. After washing, slides were incubated with ‘Post 

Primary’ and ‘Novo link Polymer®’. Peroxidase activity was developed with “DAB working 

solution”. Counterstaining was performed with hematoxylin. A negative control, using non-

immune serum instead of the primary antibodies was used. Positive controls included canine 

and wild boar lymph node sections previously screened to determine the optimum dilution and 
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incubation temperature for both antibodies. Mesenteric lymph node sections were viewed by 

two observers that were blind to the treatments, under a Nikon FX Photomicroscope®, with an 

E-Pl 10 x/20 ocular (Nikon, Japan) to determine the area covered by total cells and 

immunolabelled cells. Whenever possible, the number of immunolabelled cells was counted in 

two granulomatous lesions (of the same stage) from each mesenteric lymph node examined. 

The percentage area for positive cells was calculated (immunolabelled cells/total cells x100), 

as previously described by García-Jiménez et al. (2012). 

 

Bacterial culture 

Culture methodology was performed as described by Juste et al. (1991) and Aduriz et al. (1995). 

MLN tissues of each animal were decontaminated using 0.75% (w/v) hexadecyl pyridinium 

chloride (HPC; Sigma-Aldrich, Italy) for 18 h, and cultured, in duplicate using five specific 

media, supplemented with a mix of amphotericin B (50 mg/L), penicillin (100,000 U/L) and 

chloramphenicol (100 mg/L). The media used, in the study, were Löwenstein–Jensen solid 

media (L-J; Liofilchem, Italy), L-J medium with sodium pyruvate without glycerol, L-J medium 

with mycobactin J (Synbiotics Europe, France), Middlebrook 7H11 medium supplemented with 

OADC (oleic acid-albumin-dextrose-catalase) (Becton-Dickinson, USA) and Middlebrook 

7H11 medium supplemented with OADC and sodium pyruvate without glycerol. All culture 

media were incubated at 37ºC for 6 months, and checked every week for mycobacterial growth 

or contamination with undesirable microorganisms. 

 

PCR and genotyping 

Direct DNA extraction from tissues was carried out using a commercial DNA isolation kit 

(DNeasy Blood & Tissue® Kit, Qiagen, Germany) and stored at -20 ºC until used. DNA from 

bacteria isolated on culture was extracted by taking a loop-full from a culture, transferred to a 

microcentrifugal vial containing 100 l 10 mM Tris-HCl/ Triton X-100 1% / 1 mM EDTA 

(TTE) and incubated for 20 min at a temperature of 95 ºC. After centrifugation, the supernatant 

was stored at -20 ºC until used. 
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All the samples were first tested by a modified 16S rDNA PCR (Moravkova et al., 2008a). This 

assay allows the identification of DNA from bacteria from the genus Mycobacterium and the 

differentiation between M. avium and M. intracellulare. When Mycobacterium genus was 

identified, a second PCR reaction was done to detect Mycobacterium tuberculosis complex 

(MTC) (a 372 bp fragment) based on Cousins et al. (1991) assay.  

These organisms were identified as Mycobacterium bovis by multiplex PCR method to 

differentiate MTC members based on Warren et al. (2006). Fifteen microliters of the reaction 

product was mixed with loading buffer and subjected to electrophoresis on a 3% agarose gel at 

100 V for 30 min. Gels were stained with ethidium bromide and photographed on a UV 

transilluminator. 

 

Results and discussion 

In the time period comprised between 2010 and 2011, 68 (12.5%) of the 543 free-ranging wild 

boar (Sus scrofa) that were submitted to necropsy presented gross macroscopic lesions 

consistent with TB in one or more tissues. The lesions were more prevalent in the MLN, in 

which gross and microscopic granulomatous lesions were observed in 30 (5.52%) animals.  

These lesions were always multifocal and ranged from occasional small capsulated lesions with 

less than 1 cm (71.4%) to large areas of fully developed granulomatous lesions, more than 1 

cm (28.6%) in diameter, of either necrotic (42.8%) or necrotic calcified granulomas (56.6%) 

(Figure 1A and B, respectively). According to the staging of Wangoo et al. (2005), these lesions 

were classified as stage III and stage IV granulomas, respectively, which were often surrounded 

by satellite small stage I and II granulomas. In the stage III and stage IV granulomas the 

presence of lymphocytes and plasmocytes (63.3%), as well as caseous necrosis (78.6%) were 

the most common features. Macrophages were also abundant (63.3%) and multinucleated giant 

cells were observed in 46.67% of these granulomatous lesions (Figure 1C and D). No 

mycobacteria were visualized in the organ samples submitted to microscopic examination with 

the ZN technique, however, at bacilloscopy acid-alcohol resistant bacilli (BAAR) were 

observed in 15 (50%). Additional granulomatous lesions in the animals under study were 

observed mainly in the retropharyngeal lymph nodes and lungs (Table 1). 
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Of the 30 MLN tested, culture and PCR yielded positive results for mycobacteria in 16 (53.3%) 

(Table 1). Nine (30.0%) were PCR positive to Map, and six (20.0%) were M. bovis positive. 

One specimen (3.3%) showed positivity for both Map and M. bovis. Eight (26.6%) samples 

were culture positive to Map (n=2) and to M. bovis (n=6) and three specimens were PCR 

negative in spite of its culture positivity for Map (n=1) and for M. bovis (n=2). Culture was 

negative in ten specimens, which were PCR positive to Map (n=8) and to M. bovis (n=2). All 

the samples, which included tissues from other lesions present in the same animals, were 

negative for other MTC species, namely M. caprae and M. tuberculosis. Positivity to Map and 

M. bovis was only detected in the MLN. 

 
 

 

Figure 1. Morphological aspects 
of the granulomatous 
lymphadenitis in the mesenteric 
lymph nodes of wild boar (Sus 

scrofa). Caseous necrosis at the 
centre of the granuloma (1A). 
Calcification of the necrotic centre 
of the lesion (1B) Inflammatory 
infiltrate composed by 
lymphocytes, plasmocytes, 
macrophages and Langhan’s 

multinucleated giant cells (1C and 
D) surrounding the necrotic centre. 
Immunolabeled CD3 (1E) and 
CD79 (1F) cells in the 
granulomatous lesions. Original 
magnifications: A: 100x; B and D: 
400x; C, E and F: 200x. Images 1A 
to 1D, hematoxylin and eosin 
staining; 1E and 1F, hematoxylin 
counterstaining. 
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Table 1 
Culture, PCR and immunohistochemistry results in MLN granulomatous lymphadenitis. Additional 
granulomatous lesions found in other tissues of the same animals are also listed. 

Animals  

n=30 

Map M. bovis CD3 CD79 Granulomatous lesions in other 
tissues 

Culture PCR Culture PCR 

1 - + + - > 35% and ≤ 45% >25% and ≤ 30% - 

2 - - - - UD UD - 

3 - + - - UD > 10% and ≤ 25% - 

4 + - - - UD > 10% and ≤ 25% RLN 

5 + + - - UD UD - 

6 - - - + UD UD - 

7 - - + - UD UD - 

8 - + - - > 35% and ≤ 45% > 10% and ≤ 25% - 

9 - + - - > 25% and ≤ 35% >25% and ≤ 30% MDLN, RLN, Lung 

11 - - - - UD UD - 

12 - + + + > 25% and ≤ 35% >25% and ≤ 30% RLN, Lung 

13 - + - - > 25% and ≤ 35% >25% and ≤ 30% - 

14 - - - - UD UD - 

15 - - - + > 35% and ≤ 45% > 10% and ≤ 25% RLN, Lung 

16 - + - - > 35% and ≤ 45% UD MDLN, RLN, Lung, palatine 
tonsils, ICV, CLN 

17 - - - - UD UD - 

18 - - - - > 35% and ≤ 45% > 10% and ≤ 25% - 

19 - - - - > 35% and ≤ 45% UD RLN, Lung, Kidney 

20 - - - - UD UD - 

21 - - - - UD UD - 

22 - - - - > 25% and ≤ 35% UD MDLN, Lung, 

23 - + - - > 35% and ≤ 45% UD MDLN, Lung, ICV, CLN 

24 - - - - UD UD - 

25 - - - - UD UD - 

26 - - + + > 35% a-d ≤ 45% > 10% a-d ≤ 25% RLN, Lung 

27 - - - - UD UD - 

28 - - + + > 35% a-d ≤ 45% UD RLN  

29 - - + + > 25% a-d ≤ 35% > 10% a-d ≤ 25% RLN  

30 - - - - > 35% a-d ≤ 45% UD RLN  

- negative; + positive; MDLN: mediastinic lymph -ode; RLN: retropharingeal lymph node; ICV: ileo-cecal valve; CLN: cecal lymph 
nodes; UD: undetermined.  
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Immunohistochemistry allowed us to quantify the lymphocyte cell population in 15 (50%) and 

11 (36.6%) MLN for the anti-CD3 antibody (T-cells) and the anti-CD79α antibody (B-cells), 

respectively (Fig. 1E and F). Although observed, quantification of T-cells in 15 MLN and B-

cells in 19 MLN was not performed, since the presence of back-ground brown staining of the 

tissue (probably due to some degree of autolysis and abundant necrosis) didn’t allow a reliable 

quantification of the immunolabelled cells. The quantification of the immunolabelled cells 

allowed grouping of lesions depending on the percentage of the different cell subsets (CD3+, 

CD79α+) and the granuloma stage (Table 2). In order to detect macrophages in the MLN 

sections under study, MAC387 antibody (Clone MCA 874G, AbDSerotec, Oxford, UK) was 

also used, however this antibody failed to identify macrophages in all of the cases, since the 

immunopositivity observed was only faint and considered unspecific due to the presence of 

back-ground brown staining. 

 

Table 2 

Percentage of positive cells for anti-CD3 and anti-CD79, according to the granuloma stage in the MLN of wild 
boar. 

 
 
 
Immunomarker 

 
 
 

Positive cells (%) 

Granuloma stage 

III IV 

 
 
CD3 

> 25% and ≤ 35% 1 3 

> 35% and ≤ 45% 4 7 

 
 
CD79 

> 10% and ≤ 25% 3 4 

>25% and ≤ 30% 2 2 

 

Of the 15 MLN positive for T-cells, 12 (80.0%) were PCR positive to Map (n=7) and to M. 

bovis (n=5), including the specimen that tested PCR positive for Map/M. bovis (Table 1). Five 

(33.3%) samples were culture positive and four specimens were PCR and culture positive to M. 

bovis. Culture was negative in eight specimens that were PCR positive to Map (n=7) and to M. 

bovis (n=1). Of the 11 MLN positive for B-cells, ten (90.9%) were PCR positive to Map (n=6) 
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and to M. bovis (n=4), in which Map/M. bovis PCR positive specimen were also included, and 

three (27.3%) were culture and PCR positive to M. bovis. Culture was negative in seven 

specimens, which were PCR positive. 

The lesional pattern observed in the MLN of wild boar in this study were characterized by the 

presence of multiple granulomas in which caseous necrosis, often calcified, surrounded by 

abundant lymphocytes, plasmocytes and macrophages were the main features. Multinucleated 

giant cells were also a common finding. According to the staging of Wangoo et al. (2005), these 

lesions were classified as stage III and stage IV granulomas, which were often surrounded by 

satellite small stage I and II granulomas. These lesions are consistent with a morphological 

diagnosis of tuberculosis, which suggests the involvement of M. bovis and/or closely related 

members of the Mycobacterium tuberculosis complex (MTC). However, the molecular 

identification of mycobacteria performed in the present study demonstrates that the infection 

by MAP in these type of granulomatous lesions cannot be excluded. In fact, MAP was detected 

in 30% of MLN with granulomatous lesions, while M. bovis was only detected in 20.0% of the 

specimens. Interestingly, a recent report on the status of wild boar tuberculosis in Atlantic Spain 

pointed out the low proportion of MTC infected wild boar displaying generalized TB lesions, 

and a higher proportion of MAP infections (Muñoz-Mendoza et al., 2013). It is noteworthy that 

the samples collected in our study were also from an Atlantic region of Portugal. Another study 

conducted in Brazil showed that in wild boar with lymphadenitis the most frequently isolated 

mycobacteria were M. avium subspecies type 1 and 2 (Lara et al., 2011). Additionally, in wild 

boar, TB lesions are usually described in mandibular lymph nodes, reflecting the main route of 

infection, but retropharyngeal, tracheobronchial and mediastinal lymph nodes are also 

frequently involved (García-Jiménez et al., 2013a; García-Jiménez et al., 2013b; Muñoz-

Mendoza et al., 2013). Taken together, these reports support the slightly lower percentage of 

MTC infected MLN compared to MAP infected MLN found in our study. As was stated in 

several studies (Álvarez et al., 2005; Matos et al., 2013a; Muñoz-Mendoza et al., 2013), wild 

boar infected with MAP showed microscopic lesions indistinguishable from those caused by 

MTC. Additionally, culture alone failed to detect mycobacteria, since it was negative in ten 

specimens, which were PCR positive for MAP or M. bovis. As such, in this species it seems 

more appropriated to use the term granulomatous lymphadenitis instead of TB lesions until 

bacteriological and molecular confirmation, especially regarding MLN lesions.  
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A critical step in the pathogenesis of TB is the formation of a granuloma within host tissues, 

composed of several cell types including macrophages, neutrophils and lymphocytes, which 

physically control the bacilli thus preventing the spread of infection, but also allows enhanced 

cell to cell communication. This allows activation of immune cells and killing of mycobacteria 

(Widdison et al., 2008). Immunity against mycobacterial infections is essentially cell mediated 

and is dependent upon a complex interaction between T lymphocytes and macrophages 

(Pollock et al., 1996), which were the most common inflammatory cells observed in these 

granulomas. In fact, CD3 immunolabeled cells reached percentages between 35 and 45% of the 

total inflammatory cells in 11 out of the 15 MLN studied, which are later stage granulomas 

(stages III and IV). Several studies revealed that a shift in dominance from different T-cell 

subsets are associated with suppressed cell-mediated immune responses and increased humoral 

responses as the disease progresses (Ritacco et al., 1991, Boussiotis et al., 2000, Dlugovitzky 

et al., 2000, Welsh et al., 2005). In 4 out of the 11 animals examined in this study, CD79α 

positive cells reached 25 to 35% of the total inflammatory cells in the MLN. Further studies 

would be required in order to ascertain if in these particular cases this was related to an increase 

in the humoral response with the progression of the disease, or to the role of B-cells in the 

maintenance of the granulomatous lesion. These findings highlight the importance of assessing 

the cell-mediated and humoral immune responses to mycobacterial infections in the wild boar, 

in which a higher sensitivity in the serological tests is displayed as opposed to the rest of the 

wildlife species (Lyashchenko et al., 2008, Chambers, 2009). It is noteworthy that similar 

immune responses appear to be triggered in the MLN against the entry of the pathogen, 

regardless it being Map, M. bovis or both, since, similar percentages and distribution patterns 

of CD3 and CD79α positive cells were present in the lesions observed, a feature that has never 

been addressed in this species. 

In conclusion, and despite the small sample size used in our study, we confirm that wild boar 

is both susceptible and may be an important MAP and M. bovis wildlife reservoir in the study 

area, which poses a risk of disease transmission to other wild and livestock animals. 

Furthermore, our results suggest that the histological diagnosis of tuberculosis lesions followed 

only by bacteriological culture may not be sufficient to establish the diagnosis. These findings 

reinforce the need to combine different methods to achieve a correct diagnosis of chronic MLN 

lymphadenitis in wild boar.  
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Introduction 

Wild boar (Sus scrofa) is considered a vector of mycobacterial infections, but the presence of 

Mycobacterium avium subsp. paratuberculosis (MAP) was never assessed in this species in 

Portugal.  

 

Materials and Methods 

During the time period of 2009-2011, 589 free-ranging wild boars legally hunted at the Centre 

of Portugal were examined. The mesenteric lymph nodes of 97 animals were submitted to 

histopathological examination and tested for the presence of MAP (culture and PCR).  

 

Results 

Granulomatous lymphadenitis was found in 28 mesenteric lymph nodes, in which the presence 

of lymphocytes (96.4%) and caseous necrosis (78.6%) were the most common features. Lesions 

were always multifocal and ranged from occasional proliferative lesions, with less than 1 cm 

(71.4%) to large areas of granulomatous lesions, more than 1 cm (28.6%) in diameter, of either 

necrotic or necrotic calcified granulomas. Of the 28 lymph nodes with granulomatous 

lymphadenitis, 46.4% were either PCR positive or 21.4% culture positive.  

 

Discussion and Conclusion 

We report the presence of MAP in the mesenteric lymph nodes of wild-boars with 

granulomatous lesions. According to our results, 37.9% of the infected animals were approved 

for human consumption. 
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Abstract 

 

We report granulomatous lymphadenitis in red deer (Cervus elaphus) in Portugal caused by 

coinfection with Corynebacterium pseudotuberculosis, Mycobacterium bovis, and 

Mycobacterium avium subsp. paratuberculosis as demonstrated by molecular methods. 

 

Coinfection with Mycobacterium bovis and M. avium subsp. paratuberculosis (MAP) has been 

reported and discussed in the last decade because simultaneous infection interferes with the 

diagnosis of bovine tuberculosis (Barry et al., 2011; Thacker et al., 2013; Seva et al., 2014). 

Corynebacterium pseudotuberculosis causes caseous lymphadenitis. The disease is common in 

populations of small ruminants worldwide (Dorella et al., 2006), yet has rarely been reported 

in deer species (Cervidae) (Kelly et al., 2012; Rau et al., 2012; Eisenberg  et al., 2014). In 

humans, C. pseudotuberculosis infections occur mainly among occupational groups that have 

contact with infected animals (Hémond et al., 2009). 

Five red deer (Cervus elaphus), hunted in Idanha-a-Nova Municipality, Castelo Branco District 

(39°55′11″N, 7°14′12″W), were submitted for necropsy to the Histopathology Service of the 

Department of Animal Science, School of Agriculture, Polytechnic Institute of Castelo Branco, 

Portugal. The deer (two female and three male) were all in poor body condition. Necropsy 

revealed multiple granulomatous lesions in the mesenteric lymph nodes. Lymph node tissue 

samples were collected for histopathology, bacterial culture, and PCR to screen for tuberculosis 

and paratuberculosis.  

Lesions were multifocal, encapsulated, and consisted of purulent or caseous material. 

Histopathology showed granulomatous lesions consistent with tuberculosis, with abundant 

macrophages and epithelioid cells, and lymphocytes, plasmocytes, and occasional 

multinucleated giant cells. In two cases, calcification of the necrotic centre was also observed. 

The presence of M. bovis and MAP was confirmed by isolation and by molecular methods. 
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Mycobacteriium avium subsp. paratuberculosis was confirmed by the presence of IS900 using 

the method of Coelho et al. (2010) and M. Bovis was detected using the reaction conditions 

described by Warren et al. (2006). Samples were also tested for Corynebacterium 

pseudotuberculosis by culture and PCR assay by using reaction conditions described by 

Pacheco et al. (2007). Corynebacterium pseudotuberculosis was not isolated but was detected 

by PCR in all five cases. 

Co-occurrence of M. bovis and M. avium subsp. paratuberculosis has been documented in cattle 

(Bos taurus) and wildlife (Barry et al., 2011; Boadella et al., 2011; Thacker et al., 2013; Seva 

et al., 2014). Coinfection with C. pseudotuberculosis and nontuberculous mycobacteria also has 

been reported in wild ungulates (Müller et al., 2011), but coinfection with C. 

pseudotuberculosis and mycobacteria causing tuberculous lesions has not been described. The 

apparent coinfections of granulomatous lymphadenitis with C. pseudotuberculosis, M. bovis, 

and M. avium subsp. paratuberculosis described here emphasize the need for thorough 

differential diagnosis of lymph node granulomatous lesions in wild animals.  
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NOCARDIA spp. infections in mammals cause pyogranulomatous lesions in a variety of organs 

and are described in a variety of mammals (Pier and Fichtner, 1981), including marine 

mammals (Leger et al., 2009) and domestic pigs (Koehne and Giles, 1981). In humans, 

Nocardia spp. have the potential to cause localized or disseminated infection (Cooper et al., 

2014). This genus was previous detected in wild ungulates (Vemireddi et al., 2007; Domenis et 

al., 2009), but not in wild boar. Although hundreds of ungulates are hunted in the Iberian 

Peninsula annually, no case of nocardiosis from wild boar has yet been reported. 

Seven samples of lymph nodes with granulomatous lymphadenitis with gross visible 

tuberculosis-like lesions but negative to mycobacteria in culture and PCR belonging to seven 

wild boar (Sus scrofa) were analyzed. Gram-stained smears revealed gram-positive short 

filaments, coccoid forms, and branching rods in all samples. In the Ziehl-Neelsen stain, the 

samples were partially acid fast. Diagnostic cultures were performed in all animals according 

microbiological protocols (Saubolle and Sussland, 2003). Material was inoculated onto 5% 

sheep blood agar plates, chocolate agar and potato dextrose agar for up 2 to 3 weeks. Tissues 

were processed for detection of Nocardia spp. DNA. DNA was extracted from tissues with a 

commercial kit (DNeasy Tissue® Kit, Qiagen Inc.) according to the manufacturer's 

instructions. A sample of sterile water was extracted in parallel with the tissue samples 

(extraction negative control). DNA samples were tested by polymerase chain reaction (PCR) 

as described previously by Laurent et al. (1999) and Wada et al. (2003). Nocardial 16S rDNA 

was amplified in two segments. The primers specific for the 16S rDNA of genus Nocardia were 

forward (NG1): 5′-ACC GAC CAC AAG GGG G-3′ and reverse (NG2): 5′-GGT TGT AAA 

CCT CTT TCG A-3′ according to Laurent et al. (1999). Another set of primers designed by 

Wada et al. (2003) were used: forward (NF): 5′-CGT GCT TAA CAC ATG CAA GT-3′ and 

reverse (NR): 5′-TTC ACC GCT ACA CCA GGA AT-3′. Gross and microscopic lesions were 

observed in all lymph nodes. The lesions were of multifocal nature, capsulated, and centered 

by caseous and/or liquefied material. Two cases presented also calcification at the centre of the 

lesion. The surrounding inflammatory infiltrate was composed of abundant neutrophils 

macrophages, lymphocytes and few plasmocytes. In both cytologic and histologic preparations, 

the inflammatory pattern was suppurative with necrosis or a mixed suppurative-granulomatous 

reaction. Organisms, when present, were always seen in areas of suppurative inflammation. 
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Two male wild boars (28.6%) had positive results for Nocardia spp. in PCR. Nocardia spp. was 

not confirmed in culture. 

There is little information about nocardiosis in wild ungulates. Nocardia spp. are considered to 

be opportunistic pathogens that typically cause systemic disease in immunosuppressed 

individuals, including those stressed by environmental stressors or performing long-term 

corticosteroid therapy (Leger et al., 2009). In Portugal, the role of Nocardia may be 

underestimated in causing tuberculosis-like lesions and could lead to misinterpretations of the 

diagnostic test results when no other differential diagnoses techniques are used. 

To our knowledge, this is the first documented cases of nocardiosis in wild boar and this 

infection should be considered a differential diagnosis for granulomatous lymphadenitis in 

ungulates. 
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Concluding Remarks 

 

This thesis reports significant additions to the knowledge of mycobacteriosis in wildlife. 

Emphasis was given to Mycobacterium bovis in Mycobacterium tuberculosis complex and to 

Mycobacterium avium subsp. paratuberculosis in Mycobacterium avium complex. 

Wildlife disease monitoring is of paramount importance in infectious disease surveillance, and 

should be integrated with public and livestock health surveillance. This work has investigated 

various aspects of mycobacterial expression in wildlife, and the following conclusions can be 

drawn: 

 

Mycobacterium tuberculosis complex (MTC) 

- Occurrence of Mycobacterium bovis infection in wildlife species such red fox (Vulpes vulpes), 

common genet (Genetta genetta), Egyptian mongoose (Herpestes ichneumon), Eurasian otter 

(Lutra lutra), and beech marten (Martes foina) represents the first recording in Portugal. 

- The detection of Mycobacterium bovis has been previously reported in red fox in many parts 

of the world, but this is the first report of natural infection in animals with brain involvement.  

- Wildlife species such as European wild boar (Sus scrofa) and red deer (Cervus elaphus) show 

high prevalence of bovine tuberculosis: 21.4% in wild boar, a value very similar to previous 

studies carried out in Portugal (22.2%) in the studied area (east-central Portugal), and 38.3% in 

red deer. These regions of Portugal are reported as having the highest prevalence of cattle 

tuberculosis, which suggests that the disease is shared between domestic and wild hosts. 

- Comparative histopathological examination of lesions between red deer and European wild 

boar reveal important morphological differences: the lesions in red deer may take the form of 

thin-walled abscesses containing purulent material with multiple bacilli and minimal 

calcification or fibrosis and in wild boar, the overall predominance of well-encapsulated and 

calcified lesions indicates a prolonged and chronic infection in this species. This lesional pattern 



Chapter V ● Concluding Remarks 

218 
 

in wild boar suggests an appropriate immune response with a paucity of viable bacilli. These 

findings strongly support the hypothesis that the wild boar can act as a spillover host with 

reduced capacity to disseminate the bacilli. 

- In red deer, the lesions are most frequently observed in the mesenteric lymph nodes, but 

lesions affecting the retropharyngeal lymph nodes, submandibular glands and kidneys are also 

observed. In wild boar, the lesions typically are found in the retropharyngeal lymph nodes. The 

finding that retropharyngeal lymph nodes and mesenteric lymph nodes are often the primary 

site of infection suggests oral rather than aerosol transmission. Oral transmission does not 

require direct contact, either among red deer / wild boar or between red deer / wild boar and 

cattle. 

- In wild carnivores, the presence of lesions alone is not a good predictor of M. bovis infection, 

given the fact that a high portion of positive cases in culture and / or PCR did not present any 

visible lesions in these animals. The lack of gross or microscopic lesions suggests either recent 

infection, or that the development of visible lesions is impaired due to the relative resistance of 

these animals to tuberculosis.  

These results suggest that M. bovis circulates widely in the studied area, which is a serious 

concern for wildlife. Our findings have also revealed a public health concern because 

veterinarians and other professional workers, as well as hunters who can come into contact with 

these species, have a high risk of being infected when handling infected samples and tissues. 

Wild animal TB represents a permanent reservoir of infection and poses a real and serious threat 

to control and elimination programs. 

 

Mycobacterium avium complex (MAC) 

- Results of the present study indicate that antibodies against MAC are present in wild 

carnivores such red fox, Eurasian otter, European badger (Meles meles), and European wild 

boar in Portugal. These data suggest widespread MAC exposure among free-ranging wild 

mammals in Portugal, especially red foxes and wild boar. In the Iberian Peninsula, serologically 

positive cases of Mycobacterium avium subsp. paratuberculosis (MAP) were previously 

demonstrated in red deer, European wild rabbit (Oryctolagus cuniculus), and European wild 

boar.  
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- In the present study, MAP is confirmed in carnivores tested using either culture or direct PCR, 

including red fox, European badger, Eurasian otter, beech marten and Egyptian mongoose. 

MAP infection in beech marten and Egyptian mongoose are recorded for the first time, both in 

Portugal and in the world. A recent study in wild canids from Spain has not detected any animal 

infected with paratuberculosis. 

- The detection of MAP in different organs of wild boar in Portugal suggests a disseminated 

infection. Since a high percentage of animals were found fit for human consumption, there is a 

possibility that MAP can enter the food chain, and the zoonotic potential cannot be ignored.  

- The detection of MAP in the kidneys of red deer suggests that renal involvement in 

paratuberculosis in this particular species, as well as the number of infected animals may be 

underestimated. The routine examination of these organs as well as their inclusion in PCR 

techniques designed for MAP detection could improve the diagnosis of paratuberculosis in this 

species. Moreover, and being aware that cost-benefits and time are important factors in a 

diagnostic laboratory, the combined results of histopathology and PCR in kidneys obtained in 

the present study suggests that they are effective tools in the diagnosis of paratuberculosis, as 

they are quick and relatively inexpensive to perform.  

- The adoption of laboratory practices resulting from a combination of traditional culture 

methods with molecular methods improves not only animal mycobacteriosis diagnosis but also 

knowledge of the associated epidemiology. Molecular methods will provide a more 

comprehensive insight into mycobacteria diversity and abundance compared to traditional 

culture methods.  

Finally, in the last chapter of this thesis we demonstrate the importance of assessing the cell-

mediated and humoral immune responses when designing tests for the diagnosis of 

mycobacterial infections; and the need for thorough differential diagnosis of lymph node 

granulomatous lesions in wild animals. According to our results, potential pathogens for 

differential diagnosis consideration are Corynebacterium pseudotuberculosis and Nocardia 

spp.. 
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Challenges for the Future 

This work has established a knowledge base for a suitable initial disease valuation, but further 

investigations are also required in order to complete the picture of mycobacteriosis infections 

in wildlife and to initiate the design of control measures. A coordinated program of research is 

required to evaluate the evolution of mycobacteriosis in this particular niche, assess potential 

measures of control and monitor the overall impact on the ecosystem: 

- Detection of spatio-temporal trends of wildlife contact with mycobacteria. Wild ungulates 

present a great variability in demography, management, exposure to pathogens, and interaction 

with other wildlife, livestock and humans. In Portugal, it is recognized that the abundance and 

density of red deer and wild boar has largely increased in recent decades, although there is no 

accurate census of the population, and population size is required to determine the sample size 

needed for prevalence estimation, so there is an urgent need to develop improved methods for 

estimating animal abundance. 

- Research in order to understand the physiological ecology of mycobacteria in wildlife and the 

environment is needed to allow new approaches for management and control of their 

environmental and wildlife reservoirs and to fully discover the effects that mycobacteria have 

on human health. 

- Estimate infection prevalence in livestock animals – scarce useful data exist on the prevalence 

of paratuberculosis in sheep flocks and in herds of cattle or tuberculosis in goat flocks in 

Portugal, nor of the risk to other livestock posed by the presence of these diseases. 

- Establish a surveillance network throughout the country to examine wild mammal populations 

in other unstudied areas and other animal species, such as those that scavenge on the carcasses 

of potentially infected animals and/or have important social networks and/or live as a group.  

- Developing new diagnostic tools appropriate for wildlife species and to overcome difficulties 

related to sampling conditions to obtain enough positive and negative controls – the large 

number of animal species, the limited financial resources and the limitations of traditional 

diagnostic tests. Many tests designed for domestic mammal samples do not have the same levels 

of sensitivity and specificity when used in wild species. 



Chapter V ● Concluding Remarks 

221 
 

- Perform more studies on the Mycobacterium strains circulating among wild animals and to 

compare them to strains of domestic livestock and humans. Genomic tools such as microarray-

based analysis of pathogens are new technologies that overcome the technical limitations of 

current analytical methods and are expected to contribute to the rapid strain identification. 

-Understanding the molecular basis of pathogen variation will allow the discrimination and 

tracing of clinically relevant strains, providing insights into pathogenesis, host adaptation and 

the origin of new pathogenic forms of Mycobacterium spp.. The integration of VNTR-typing 

with conventional epidemiological approaches, advanced animal movement recording and 

geographical information systems has the potential to be a powerful new technology, which 

should improve our understanding of mycobacteriosis.  

- Research to understand the impact of MAC in public health is needed, as well as the 

determination of transmission routes between humans and wildlife. This requires 

interdisciplinary collaboration among medical, veterinary and other public health officials. 

In conclusion, the information included in this thesis may be used as guidance in further 

research covering several fields, e.g., to pursue studies on mycobacteriosis in wild mammals 

and eventually expand the research to other species. 
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