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Abstract

The aim of this study was to determine the occurrence and quantity of Mycobacterium avium 
subsp. avium (M. a. avium) in lymph nodes and diaphragm pillars in samples taken from naturally 
infected pigs intended for consumption. A post-mortem analysis was performed on 40 pigs, and 
tuberculoid changes to the lymph nodes found in 17 of them. Samples of various lymph nodes and 
diaphragm pillars were taken from these pigs, while submandibular lymph nodes and diaphragm 
pillars were taken from pigs without tuberculoid lesions. A  total of 107 samples were tested 
by quantitative real-time PCR. M. a. avium was detected in three samples of diaphragm pillars 
at a quantity of as much as 103 cells per gram of muscle tissue. Quantitative real-time PCR is 
a useful method for detecting and quantifying mycobacteria in foods.
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Introduction

The genus Mycobacterium is made up of more than 160 species of non-motile, acid-
alcohol-fast rods that include both obligate pathogens (the M. tuberculosis complex, M. 
leprae) and conditionally pathogenic species (M. avium, M. chelonae, M. marinum, etc.). 
According to the current taxonomy of mycobacteria, the species M. avium is divided into 
four subspecies: M. avium subsp. avium, M. avium subsp. hominissuis, M. avium subsp. 
paratuberculosis and M. avium subsp. silvaticum (Mijs et al. 2002). These subspecies 
have differing pathogenicity and virulence in respect of various hosts. M. a. avium is 
an agent of avian tuberculosis, a chronic disease in birds that occurs primarily on small 
poultry farms (Shitaye et al. 2006). In addition to its occurrence in various species of 
bird, M. a. avium has also been isolated from the tissues of pigs, sheep, cattle and horses 
(Pavlik et al. 2000). The most frequent types of illness caused by M. avium in humans 
are chronic lung infections and lymphadenitis, which occur most commonly in children 
(Griffi th et al. 2007). A finding of tuberculoid lesions in pig organs during veterinary 
inspection at the slaughterhouse is reason for condemning the meat in part or whole. This 
causes considerable economic losses for pig farms. Although M. a. hominissuis is the 
commonest agent of these lesions in pigs, M. a. avium has also been isolated in as many 
as a third of cases (Pavlik et al. 2003; Shitaye et al. 2006).The occurrence of an agent 
of avian tuberculosis in pig meat may be a risk factor for human infection. The data on the 
extent of mycobacterium contamination of meat in the available literature is inadequate. 
It is difficult to obtain cultivation proof of mycobacteria in view of their slow growth 
and special requirements for the growth medium, and this means their occurrence is 
underestimated in practice. Detection of mycobacteria by molecular-biological methods 
is much more sensitive and faster (Kralik et al. 2011a).Only a few studies concerned with 
the possible occurrence of mycobacteria and their contamination of meat and meat products 
have been published. Representatives of the species M. avium have been detected both 
in meat from artificially infected pigs (Slana et al. 2010) and in meat and meat products 
on the retail network in the Czech Republic (Shitaye et al. 2009; Klanicova et al.  
2011). M.  a.  hominissuis has been found to survive in homemade pork sausages  
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following cold smoking, though not following the heat treatment of sausages  
(Kralik et al. 2011b).

This study was performed with the aim of determining the occurrence and quantity of 
M. a. avium in samples of lymph nodes and diaphragm pillars from slaughtered pigs from 
a farm on which the occurrence of avian tuberculosis had been proven by cultivation.

Materials and Methods

Forty slaughtered pigs came from a  farm on which an agent of avian tuberculosis had been diagnosed by 
cultivation. The pigs were subjected to the usual veterinary inspection at the slaughterhouse and a total of 107 
samples of tissue were taken. Samples of lymph nodes (submandibular, mediastinal, mesenteric, inguinal and 
hepatic) and diaphragm were taken from 17 pigs in which tuberculoid changes had been found. Samples of 
submandibular and mesenteric lymph nodes and samples of diaphragm were taken from pigs without tuberculoid 
findings (a total of 23). DNA was isolated from all the samples with a modified commercial kit (DNeasy Blood 
and Tissue Kit, Qiagen). Detection and quantification of M.  a.  avium was performed by triplex quantitative  
real-time PCR (qPCR) with an internal amplification control to differentiate inhibited and truly negative samples 
according to a previously described method (Slana et al. 2010).

Results

The DNA specific for M. a. avium was proven in a total of 20 pigs (half of the animals 
inspected). Mycobacterial DNA was also proven by qPCR in at least one sample taken 
from each of 15 pigs with tuberculous lesions. Mycobacterial DNA was also found in  
5 pigs with no macroscopic findings. The presence of DNA from M. a. avium was proven 
in a total of 26 (24.3%) of all the tissue samples examined. Mycobacterial DNA occurred 
most frequently in the submandibular lymph nodes, followed by the mesenteric lymph 
nodes (Figure 1). 

The quantity of this DNA ranged from 103 to 108 cells per gram of tissue, and was higher 
in samples taken from tissues with macroscopic findings (Table 1). DNA from M. a. avium 
was also proven in 3 samples of diaphragm pillars taken from animals with pathological-
anatomical changes.
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 Fig. 1. Results of tests on samples by tissue type



Discussion

Although mycobacteria are not a  significant agent of alimentary diseases, their 
occurrence in food may represent a risk, particularly for immunosuppressed individuals. 
M. a. avium may be detected in the intestinal mucosa of patients with a  compromised 
immune system (Sun et al. 2005; Kaevska et al. 2014). Pork meat and products may 
be a  source of significant human pathogens such as bacteria of the genera Salmonella, 
Yersinia, Campylobacter, Listeria and others if they are not subjected to adequate heat 
treatment (Fosse et al. 2008). A clear change in human eating habits has been seen in 
developed countries in recent years. Steak tartare containing pork meat, for example, is 
available on the Czech and Central European market. There is inadequate information 
available on the occurrence of mycobacteria in pork meat, although direct evidence of 
mycobacteriosis caused by consumption of pork is yet to be described (EFSA 2011). Many 
studies concerning mycobacterial infections in pigs have been published (Komijn et 
al. 1999; Pavlik et al. 2003; Miranda et al. 2012). Mycobacteria have been detected 
most commonly in lymph nodes (sampled in view of the higher probability of detection). 
Detecting mycobacteria in the lymph nodes is unsuitable from the viewpoint of food 
safety as such results cannot be generalised or extrapolated to provide data corresponding 
to the occurrence of mycobacteria in meat (the lymph nodes are not consumed). The 
possibility of secondary contamination of meat by mycobacteria from the lymph nodes or 
intestines (sites of primary occurrence of mycobacteria) during slaughter and veterinary 
inspection cannot, however, be ruled out. In this study, we compared the occurrence 
in lymph nodes and in muscle tissue, and selected the diaphragm pillars as a  muscle 
with a  relatively good blood supply. M.  a.  avium was detected most frequently in the 
submandibular and mesenteric lymph nodes (Table 1), as has been the case in other studies  
(Komijn et al. 1999; Pavlík et al. 2003). The DNA from M. a. hominissuis has been 
detected in the diaphragm pillars and leg muscle in a previous study into the occurrence and 
dissemination of agents of mycobacteriosis in the organs of artificially infected pigs, though 
not from M. a. avium (Slana et al. 2010). M. a. avium and other representatives of the species 
M. avium have been detected in various kinds of meat products. Specific DNA has been detected 
in raw, but also heat-treated and fermented products (Klanicova et al. 2011). 

The results of our study confirm contamination of meat in naturally infected animals 
from which the infection agent may find its way to consumers. One of the disadvantages 
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Group	 No of pigs	 Positive pigs	 Tissue tested	 No of samples	 qPCR
				    tested/positive	 cells/gram*
TB+	 17	 15	 Diaphragm pillars	 17/3	 8.54 x 102

			   Submandibular LN	 9/8	 6.14 x 107

			   Mesenteric LN	 7/6	 6.22 x 106

			   Mediastinal LN	 1/0	
			   Hepatic LN	 3/3	 3.65 x 106

			   Inguinal LN	 1/1	 9.68 x 107

TB-	 23	 5	 Diaphragm pillars	 23/0	
			   Submandibular LN	 23/4	 2.19 x 103

			   Mesenteric LN	 23/1	 1.23 x 103

Total	 40	 20		  107/26	

Table 1. Detection of Mycobacterium avium subsp. avium in slaughtered pigs 

TB+ pigs with pathological-anatomical changes, TB- pigs without change, LN lymph nodes; *average value given



of DNA detection by the qPCR method is the impossibility of distinguishing between live 
and dead bacteria. A system for the rapid and reliable detection of viable mycobacterial 
cells in foodstuffs must be developed in the future for the purposes of comprehensive risk 
assessment in relation to food safety.
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