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Mycobacterium avium subsp. paratuberculosis (M. paratuberculosis, Map) is the causative 

agent of paratuberculosis or Johne’s disease, a chronic granulomatous enteritis that 

affects a wide range of animals. This disease represents a relevant economic burden for 

the livestock industry, triggered by a progressive and fatal weight loss of the animals and a 

diminution in milk production. Controversially Map is also considered a human pathogen 

linked to some cases of Crohn’s disease. However, the threat to public health posed by M. 

paratuberculosis remains underestimated. In Portugal this disease probably runs under-

diagnosed and evaluation of its prevalence in small ruminants is limited to a few 

geographically-restricted studies. In this mini review we will point out some main features 

about paratuberculosis and its etiological agent. 

 
 
 
Outline  
Mycobacterium avium subsp. 
paratuberculosis (M. paratuberculosis, Map) 
is the causative agent of Paratuberculosis, or 
Johne’s disease, a chronic granulomatous 
enteritis affecting a wide range of animals, 
especially ruminants (OIE, 2008). Other 
livestock, rabbits, foxes, birds, domestic and 
wildlife animals can also be infected (Timms 
et al., 2011; Salem et al., 2012), including 
Eurasian otters (Lutra lutra) (Matos et al., 
2013). 
 
During the past decades, paratuberculosis 
was considered as one of the most important 
disease for worldwide cattle and livestock 
industry, due to its considerable economic 
impact triggered by a progressive and fatal 
weight loss of the animals and a diminution in 
milk production. It is estimated that more than 
50% of the dairy cattle in Europe and more 
than 68% in United States are infected with 
M. paratuberculosis (Behr & Collins, 2010). 
There are no updated and comprehensive 
studies about the prevalence of 
paratuberculosis in Portugal, where this 
disease probably runs under-diagnosed. The 
detection and control of paratuberculosis is 
difficult due to the absence of clinical signs in 

infected animals for a long period (from a few 
months to several years), to the lack of 
reliable diagnostic methods for the initial 
stages of the disease and to the fastidious 
growth of the agent in artificial culture media. 
Presently, there are no approved drugs for 
the prevention or treatment of 
paratuberculosis and vaccination approaches 
do not totally protect animals from infection 
nor prevent the dissemination of M. 
paratuberculosis in the environment (Behr & 
Collins, 2010). M. paratuberculosis vaccines 
also interfere with the tuberculin test used in 
the control of bovine tuberculosis.  
 
Map infection has also become a highly 
contentious issue as the possible cause of 
human inflammatory bowel disease (IBD) 
known as Crohn disease (Juste & Perez, 
2011). The agent or its DNA has been 
detected mainly in diseased tissues from 
individuals with IBD. Milk is one of the 
primary vehicles that expose humans to Map 
in significant numbers. The transmission of 
this agent from animals to humans through 
milk and milk-based products constitutes the 
“Map dilemma” yet with no visible ending. 
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Mycobacterium avium subsp. 
paratuberculosis: a fastidious mycobactin 
dependent acid-fast bacilli  
Mycobacterium avium subsp. 
paratuberculosis is a slow growing 
mycobacteria that belongs to the genus 
Mycobacterium, family Mycobacteriacea, 
order Actinomycetales and species 
Mycobacterium avium, which clusters with a 
genotypically and phenotypically related 
group of organisms known as Mycobacterium 
avium-intracellulare complex (Salem et al., 
2012). Map was firstly described in 1895 by 
Jöhne and Frothingham as 
“pseudotuberculous enteritis” and isolated for 
the first time in 1910 by Twort and Ingram 
who named it Mycobacterium enteritidis 
chronicae psedotuberculosis bovis, Jöhne 
(Behr & Collins, 2010; Salem et al., 2012). 
The name has changed several times over 
the years and, after the recognition of a high 
genome homology with Mycobacterium 
avium, was finally established as 
Mycobacterium avium subsp. 
paratuberculosis.  
 
Microscopically, Map is one of the smallest 
known mycobacteria (0.5 × 1.5 µm), with a 
thin morphology and usually found in clumps. 
It has a thick waxy cell wall composed of 
about 60% of complex lipids (mycolic acids) 
that provides a strong acid-fast bacilli (AFB) 
resistance (resistance to decolorization by 
acids). This property hampers the 
characterization of Map using standard 
microbiological staining techniques, being 
necessary the use of enhanced methods 
such as Ziehl-Neelsen or auramine-
rhodamine staining. The composition of the 
cell wall also confers high impermeability and 
hydrophobicity, resistance to harsh 
environmental conditions and to a variety of 
chemicals (Salem et al., 2012). Map is 
present in soil and in the food supply of 
herbivores, which can excrete this 
mycobacterium mainly through their milk and 
feces. For in vitro growth, Map requires the 
addition of exogenous iron-chelating 
mycobactin and due to its extremely low 
growth rate it may need up to six months of 
incubation to develop rough circular, 1-2 mm 
diameter, off-white or yellow colonies. 
According to its growth characteristics, host 
preference and pathogenicity, Map can be 
grouped into two major types: type C (type II) 

and type S (type I/III). Type C is 
characterized by forming visible colonies after 
6-12 weeks of incubation, is isolated usually 
from goats and cattle faeces and the animals 
harbor focal lesions mainly in mesenteric 
lymph nodes, fibrous tissue and rarely 
necrosis and numerous Langhans giant cells 
in the granulomas. Type S is characterized by 
forming visible colonies only after 16 weeks 
of incubation, is usually isolated from sheep 
faeces, and the animals present more severe 
lesions mainly in the intestinal lymphoid 
tissue (Behr & Collins, 2010; Salem et al., 
2012). 
 
The insertion sequence IS900 (Collins et al., 
1989) is an exclusive element only present in 
14-20 copies in the M. paratuberculosis 
genome, being the most important Map-
specific molecular target used in PCR-based 
assays to distinguish this species from other 
M. avium subspecies. In 2005, Li and 
colleagues reported the complete annotation 
of the genome sequence of M. 
paratuberculosis strain K-10, which 
comprises 4.829.781 base pairs and several 
unique genes (Li et al., 2005) 
 
Paratuberculosis: the insidious infection  
Mycobacterium paratuberculosis is an 
intracellular parasite that infects and 
multiplies inside macrophages in the animals 
gut. The transmission of Map usually occurs 
during the animals first months of life by 
faecal-oral route by feeding or by 
contaminated water. Host susceptibility is 
inversely related to age. Newborn animals 
are the most susceptible to infection due to 
their immature immune system. Once inside 
macrophages, M. paratuberculosis is well 
adapted to persist and replicate in the 
ruminant host for two to five years without 
being detected or cleared by the immune 
system. The most evident feature of 
paratuberculosis is the formation of an 
atypical granuloma in the small intestine, 
suggesting that M. paratuberculosis may use 
those granulomas as bridges to infect other 
portions of the intestine and allowing the 
excretion on faeces, and infect other organs 
like the mammary gland and mesenteric 
lymph nodes (Behr & Collins, 2010). Upon 
excretion in feces and elimination in milk, M. 
paratuberculosis can easily but subtly infect 
other animals or disperse in the environment 
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where it can persist for a long period of time 
without losing viability (330 days in soil, 98 
days in manure at 15 ºC, 246 days in feces 
and 7 days in urine). 
 
From the stage of paratuberculosis 
dormancy, where the animal expels the 
microorganism without apparent clinical 
signs, a stage of acute symptoms can be 
triggered by stressful conditions, such as birth 
or overcrowding. The clinical signs of 
paratuberculosis are exacerbated between 
the first two to five years of life after a long 
period without clinical symptoms. The 
disease is manifested by the diminution of 
milk production, infertility, oedema and 
progressive and fatal weight loss (Fig. 1) with 
diarrhoea, initially intermittent but becoming 
progressively more severe. Nevertheless, not 
all the animals exposed to the agent are 
infected and some animals can also remain 
asymptomatic without developing the disease 
(Timms et al., 2007).  
 

 
Fig. 1. Small ruminant with visible signs of 
weight loss. 
 
The infection has been divided into four 
stages according to clinical symptoms, faecal 
shedding of the agent and immunological 
response: Stage I) silent infection, with no 
clinical symptoms where animals can shed 
minimal quantities of the agent in their 
faeces; Stage II) subclinical stage, without 
visible signs of the disease but antibodies can 
be detected by an altered immune response. 
In this stage cattle harbour high 

concentrations of M. paratuberculosis cells in 
their intestinal tissues, contaminating the 
environment and serving as source of 
infection to other animals; Stage III) clinical 
stage, where the animal presents visible 
signs of weight loss, aqueous diarrhoea and 
positive results on serological tests and 
faecal culture. The infection disseminates to 
several extra-intestinal sites like supra-
mammary, pulmonary, hepatic and lymph 
nodes; and Stage IV) advanced clinical stage, 
where evident symptoms are observed with 
an abundant excretion of M. paratuberculosis 
in faeces (Behr & Collins, 2010). At this point 
most animals are sent to slaughter; otherwise 
death occurs as a consequence of 
dehydration and cachexia (Behr & Collins, 
2010; Englund, 2002). In small ruminants like 
sheep, the clinical signs of paratuberculosis 
are limited to chronic weight loss from two 
years of age. Most animals usually succumb 
to disease at three to five years of life.  
 
Laboratorial diagnosis and epidemiology: 
a microbiologist nightmare 
The diagnosis of paratuberculosis is difficult 
and time consuming due to the 
characteristics of the agent and is influenced 
by the stage of the disease. Different and 
complementary approaches can be used to 
assess paratuberculosis: i) 
anatomopathological diagnosis, with the 
observation of specific pathognomonic 
thickening and corrugation lesions (Fig. 2) in 
tissue samples like ileum, intestine 
(visualization of plaques) and lymph nodes 
(normally enlarged and oedematous); ii) 
immunodiagnostics, based in the detection of 
anti-Map antibodies in animal blood samples 
by using enzyme-linked immunosorbent 
assays (ELISA), Agar Gel Immunodiffusion 
(AGID) and complement fixation assays, or 
based in cellular immunity using skin tests 
and cytokine gamma interferon assays. 

 

 
Fig. 2. Macroscopic lesions of the specific pathognomonic thickening and corrugation lesions in the 
intestine tissue.  
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However, commercial ELISA assays usually 
fail to detect an antibody response in stage I 
of the disease; iii) bacteriological diagnosis, 
considered the “gold standard” method, 
involves the culture and isolation of M. 
paratuberculosis from biological samples; and 
iv) molecular diagnostics, based on the 
detection of specific nucleic acid sequences 
of M. paratuberculosis (Englund, 2002; OIE, 
2008; Timms et al., 2007). Nevertheless, 
faecal culture is too insensitive and 
cumbersome to support epidemiological 
studies and due to the fastidious 
characteristics of the agent, some authors 
considered that the “gold standard” for 
assessing Map infection should be PCR 
analysis of mesenteric and ileocecal lymph 

nodes. In fact there is a current stage of 
misunderstanding and contradictory views 
concerning epidemiological studies of Map 
infection. Namely, the transmission route of 
Map to humans and the effect of milk 
pasteurization in the viability of this agent are 
still much discussed topics nowadays. 
 
The introduction of molecular diagnostic 
techniques has contributed to a faster, 
sensitive and specific detection and 
genotyping of M. paratuberculosis in animal 
biological samples (Table 1). Nevertheless, 
improvements are still needed to enhance 
detection sensitivities and to clear complex 
samples, such as faeces, from PCR 
inhibitors. 

 
 

Table 1. Commonly used molecular techniques to identify and genotype M. paratuberculosis. 

 
 Method Target References 

Identification PCR/qPCR 

IS900 
(15-20 copies) 

Vary et al., 1990; Fang et al., 2002 

F57 
(1 copy) 

Coetsier et al., 2000; Tasara and 
Stephan, 2005 

ISMav2 
(3 copies) 

Strommenger et al.., 2001; 
 Wells et al.., 2006 

ISMap02 
(6 copies) 

Stabel and Bannantine, 2005 

Genotyping 

RFLP IS900 Collins et al.., 1990 

PFGE IS900 Stevenson et al.., 2002 

PCR-REA IS1311 Marsh et al.., 1999 

PCR 

SNPs Marsh et al.., 2007 

LSPs Semret et al.., 2006 

MIRU-VNTR Bull et al., 2003 

 
Legend: PCR – Polymerase Chain Reaction; qPCR – quantitative Polymerase Chain Reaction or real-time PCR; RFLP - 

Restriction Fragment Length Polymorphism; PFGE - Pulsed Field Gel Electrophoresis; PCR-REA – Restriction 

Endonuclease Analysis PCR-based; SNPs - Single-nucleotide polymorphisms; LSPs - Large Sequence Polymorphisms; 

MIRU-VNTR - Mycobacterial Interspersed Repetitive Units- Variable Number of Tandem Repeats.

Epidemiological traits of paratuberculosis: 
Portuguese data 
Based on serological monitoring tests, it is 
estimated that 7 to 40% of the worldwide 
herds are infected with M. paratuberculosis 
(Timms et al., 2011). However, an accurate 
estimation of the prevalence of this agent in 
cattle is difficult since most infected animals 
are asymptomatic, the animals with clinical 
signs of decreased milk production can be 
slaughtered before the final diagnosis and 
diagnosis in the early stages of disease is 
difficult (Behr & Collins, 2010). In Portugal a 
few geographically-limited studies about the 
prevalence of paratuberculosis in small 

ruminants are available (Coelho et al., 2007; 
Coelho et al., 2008; Mendes et al., 2004; Vala 
et al., 2007). This disease probably runs 
under-diagnosed in Portugal, where there are 
no updated and comprehensive studies about 
the real prevalence. Ovine paratuberculosis 
was firstly clinically described in Trás-os-
Montes e Alto Douro, Northeast of Portugal, 
in 1989 by Ferreira. In 1994, a prevalence of 
paratuberculosis of 10.2% was reported in 
the Vouzela area, based in a different ELISA 
test (Amado et al., 1994). A few years later, 
7-10.2% of ovine positive results and 6-18% 
of positive sheep flocks were assessed by 
Ferreira and colleagues, (2002) in the 
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Alentejo region. Other study based on 
serologic testes was reported from a total of 
3900 animals, with at least 2 years of age, 
from 150 sheep flocks, from 25 counties of 
Trás-os-Montes e Alto Douro. One hundred 
and forty-four sheep samples were 
seropositive with ELISA kits being that 
paratuberculosis seropositive animals were 
detected in 70 flocks (46.7%) (Coelho et al., 
2007). The prevalence of M. paratuberculosis 
in Trás-os-Montes e Alto Douro was also 
inferred using standard PCR amplifying a 
fragment of 389 bp from IS900 Map 
sequence to analyse a set of 1500 blood 
samples (in pools of five animals) from sheep 
with 2 years of age. The agent was detected 
in fifty six pool samples (18.7%). Thirty one of 
these pools were from healthy animals and 
twenty five from a paratuberculosis- infected 
suspected group. Positive samples were 
detected in 64 of 150 sheep flocks (Coelho et 
al., 2008).  
 
Two research projects, with references Agro 
137-2002 and Agro 786-2004, were 
developed in other regions of Portugal, to 
assess the prevalence of paratuberculosis in 
small ruminants in Lisbon and in Serra da 
Estrela regions, respectively. The serological 
analysis of 5370 small ruminants, from milk 
and meat breeds, revealed a prevalence of 
paratuberculosis of 27% in Lisbon region, 
mainly concentrated in Sintra (83.3% of herds 
positive) (Mendes et al., 2004). In the study 
performed in Serra da Estrela region several 
approaches were used to detect Map 
infections such as the clinical signs 
assessment, serological assays (ELISA and 
AGID), pathology, histopathology, necropsy 
observations, Ziehl-Nielsen staining, 
immunohistochemical technique, direct PCR 
(ADIAVET kit) and culture. It was found that 
9.1% and 1.2% of the animals were positive 
using ELISA and AGID, respectively. From 34 
animals submitted to necropsies, 28 
presented typical lesions of paratuberculosis 
and were PCR positive, and Map cultures 
were obtained from 20 animals (Vala et al., 
2007).  
 
Research perspectives in 
paratuberculosis 
Presently, some studies are being performed 
in INIAV, I.P., using both bovine and small 
ruminant biological samples like feces, milk 

and intestinal tissues, for the isolation, 
identification and genotyping of M. 
paratuberculosis. The biological samples are 
being tested based on standard PCR, real-
time PCR (qPCR) and isolation and 
genotyping of the agent. In a preliminary 
evaluation, from the analyses of 
asymptomatic bovine faecal samples, M. 
paratuberculosis was detected by PCR IS900 
and a few positive cultures were obtained. All 
the M. paratuberculosis isolates were 
confirmed to be type C and with an identical 
MIRU-VNTR profile. These preliminary data 
suggest that presently M. paratuberculosis 
infection in Portugal can be the hedge of an 
iceberg. In fact, even in the absence of 
clinical signs infected animals are shedding 
the agent to the environment perpetuating the 
cycle of infection through other animals. 
 
It is important to highlight the need of future 
works geographically more extensive and 
updated on the prevalence of 
paratuberculosis in Portugal, not only to 
understand the real situation and economic 
impact of the disease in our country, but also 
to identify most adjusted measures of 
prevention and control. Of paramount 
importance is the development, 
implementation and standardization of rapid, 
economic, reliable and user friendly 
diagnostic methods for an effective and 
precocious detection of the infected animals. 
In INIAV, I.P, whole genome-targeted 
analyses and real-time PCR based 
approaches are being developed towards a 
more efficient, sensitive and fast detection, 
identification and molecular characterization 
of M. paratuberculosis. A particular focus is 
on the direct detection of this fastidious agent 
in biological samples, such as animal faeces 
and milk, reducing the time needed for the 
laboratorial assessment of Map infections 
from about six months to only a few hours. 
We aim to provide novel and effective nucleic 
acid testing tools that will surely contribute to 
an improved detection of Mycobacterium 
paratuberculosis infections and to better 
assess the epidemiological traits and 
zoonotic potential of this agent. 
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