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Abstract
Meat and meat products are an important segment of the food chain for the majority 

of consumers in the Czech Republic. One of the main tasks of laboratory testing in this area is 
the safety of food and the raw materials used in its production. The aim is to protect the health 
of consumers from foodborne infections or intoxication. A considerable proportion of foodborne 
infections are caused by bacteria and their toxins. Therefore, activities in this area are also 
carried out by the State Veterinary Institute (SVI) in Olomouc. This paper presents 5-year trends 
in the results of analyses of meat and meat products focusing on the bacteria Salmonella spp., 
Listeria monocytogenes, Staphylococcus aureus, Escherichia coli and staphylococcal 
enterotoxins. An overview is presented of the microbiological findings in meat and meat product 
samples analyzed from 2010 to 2014 at the SVI in Olomouc. Bacteria of the genus Salmonella 
were detected in 2.2% and non-complying findings of Listeria monocytogenes in 1.5% of the 
samples tested. In the case of coagulase-positive staphylococci, non-complying findings were 
seen in 0.5% of the samples tested; in two cases, staphylococcal enterotoxins were detected. 
A total of 3.9% of the samples tested for Escherichia coli were non-complying.

Escherichia coli, foodborne pathogens, food safety, Listeria monocytogenes, meat and meat 
products, Salmonella spp., Staphylococcus aureus, staphylococcal enterotoxins

Introduction

Across the world, foodborne infections are a major public health problem. In the USA, 
e.g., it is estimated that food or water is a source of 76 million cases of disease, 325 000 
hospitalizations and 5 000 deaths each year (Kadariya et al. 2014). This medical and 
economic problem has also hit the developed countries of Europe and the Czech Republic 
is no exception. According to the latest report from the European Food Safety Authority 
(EFSA), there were 5 196 officially registered foodborne epidemics in the EU in 2013. This 
year, foodborne infections affected 43 183 people, 5 946 of whom had to be hospitalized 
and 11 died. Of the epidemics mentioned, the most common causative agents were 
Salmonella spp. (22.5%), viruses (18.1%) and bacterial toxins (16.1%). Unfortunately, no 
causative agent was found for almost 30% of the epidemics (EFSA 2015). According 
to the State Health Institute in the Czech Republic in 2014 there were 13 633 cases of 
human salmonellosis and 37 cases of listeriosis. Other bacterial agents of foodborne 
infections in the Czech Republic are classified collectively as “other bacterial intestinal 
infection”, which made up 6 762 cases this year. Cases of staphylococcal enterotoxicosis 
then fall under “other bacterial food poisoning”, which are recorded together with cases 
caused by other producers of toxins such as Clostridium perfringens and Bacillus cereus 
(EPIDAT 2015).

Alongside the medical problems, which must always be given priority, there is increasing 
concern about the economic losses caused by foodborne infections. While the cost 
of laboratory analyses for checking food safety, borne by food producers or the state, 
can be calculated fairly accurately, the overall costs connected with a foodborne disease 
outbreak are difficult to calculate. The cost of health care and the loss of patients’ income 
are easier to determine than food companies’ losses, legal costs, the value of lost time, 
of pain, suffering and death. In Canada, an evaluation of the total cost showed that for 
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an estimated annual incidence of 1 million cases of foodborne disease, the costs amount 
to 1.1 billion dollars. The most significant economic foodborne infection is salmonella 
(Todd 1989). Mangen et al. (2011) put the costs for foodborne infections in the Netherlands 
in 2011 at 468 million euros. Of this sum, direct healthcare costs amounted to 24%, direct 
costs not connected to healthcare amounted to 2% and non-direct costs not connected to 
healthcare amounted to 74%. Efforts by producers or the state to make savings on food 
inspection always lead to considerable losses in the long term.

One important source of foodborne infections in humans is meat and meat products, 
which are a suitable substrate for the survival and growth of a variety of bacteria. 
In addition to meat spoilage agents, bacteria and toxins which can cause foodborne 
infections and intoxications in human may also be present. These include Salmonella spp., 
Listeria monocytogenes, Staphylococcus aureus, Escherichia coli and staphylococcal 
enterotoxins. From an epidemiological perspective, it is also important to note that 
meat and meat products are an essential part of most people’s diet. Each year, meat 
consumption grows across the world. In Europe, including the Czech Republic, pork 
accounts for nearly half of all meat consumed (Kameník et al. 2014). The source of 
pathogenic bacteria may be the slaughtered animal itself that was already infected or 
colonized by microbes prior to slaughter, or meat and meat products are contaminated 
during the secondary processing, production and further handling. Naturally, a factor 
contributing to the secondary contaminations may be humans, either already ill or as 
asymptomatic carriers. 

In Europe Salmonella spp. is most often isolated from poultry meat, e.g., in about 5.4% 
of turkey meat, and less often from pork or beef. Listeria monocytogenes is the cause of 
listeriosis in humans and although it is less prevalent than other foodborne infections, it is 
associated with a severe course and high mortality. Qualitative detection as a part of studies 
carried out in the EU in 2013 showed these bacteria to be present in 1.6% of 5 725 product 
samples from ready-to-eat (RTE) poultry, from 2.3% of 2 575 samples from RTE beef 
and 3.4% of 36 511 samples from RTE pork. When inspecting 14 564 samples from RTE 
fish and fish products, the qualitative tests were positive in 10.8% of cases (EFSA 2015).  
These data map the incidence of listeria in products from different types of meat. When 
analyzing the risk to consumers, it is however appropriate to work with the properties of 
the food being inspected and quantitative data on listeria in colony forming units (CFU) 
per 1g of the sample. Staphylococcus aureus is capable of causing a wide range of diseases 
in humans. In the case of food safety control, attention is also paid to staphylococcal 
toxins that cause alimentary intoxications of epidemic potential. An analysis of alimentary 
epidemics in the USA from 1998 – 2008 showed that the most frequent source of illness 
connected to S. aureus was poultry meat and poultry meals. The main cause of epidemics 
(over 90%) was identified as errors made during food processing (Kadariya et al. 2014). 
In relation to staphylococci, the possibilities of the transmission of methicillin-resistant 
strains of S. aureus (MRSA) from animals and food to humans have also been considered. 
The first incidence of MRSA in the Czech Republic in animals (a piglet) was described by 
Bardoň et al. (2006). Escherichia coli is considered to be an indicator of faecal pollution, 
though some serogroups such as verotoxigenic strains of E. coli (VTEC) can cause serious 
alimentary infections. The main source of alimentary illness in humans caused by VTEC is 
considered to be contaminated beef. As part of monitoring the incidence of these bacteria 
in EU member states in 2013, 3 898 individual samples from cattle were examined, where 
2.5% positive cases of VTEC were detected. In these samples, E. coli O 157 was detected 
in 1.3% of cases (EFSA 2015).

For an objective assessment of the importance of meat and meat products in the case 
of alimentary infections, it is necessary to say that a number of the major epidemics 
caused by the above bacteria involved foodstuffs which were of plant. This is evidenced 
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by, e.g., the widespread listeriosis epidemic in the USA, which in 2011 affected 147 patients, 
of whom 143 (99%) were hospitalized and 33 (22%) died. The source of infection was 
later identified as cantaloupe that came from one farm with poor hygiene (McCollum 
et al. 2013).

Materials and Methods

The State Veterinary Institute in Olomouc (SVI Olomouc) is an accredited laboratory with an established 
quality system of work in laboratories according to CSN ISO EN 17025. Olomouc SVI carries out complex 
microbiological, chemical and sensory testing on all types of food and raw materials for the food sector, as 
well as for the state monitoring of food. Olomouc SVI area is northern and central Moravia, a part of southern 
Moravia and of eastern Bohemia. Over the period 2010 – 2014, SVI Olomouc received 68 009 samples of 
meat and meat products for microbiological testing from its area. The microbiological analyses focused on 
Salmonella spp., Listeria monocytogenes, Staphylococcus aureus, Escherichia coli and staphylococcal 
enterotoxins were carried out in accordance with the appropriate standards as set out in Table 1. The evaluation of 
the results from the analyses focused on the microorganisms and toxins was carried out according to Commission 
Regulation No. 2073/2005 as amended and CSN 56 9609 (Rules of good hygiene and manufacturing practices 
– microbiological criteria for foodstuffs). The number of samples examined according to the commodities 
monitored is shown in Tables 2 – 10. 

Results and Discussion
Salmonella  spp.

A summary of the results for meat and meat products examined for the presence 
of the bacteria Salmonella over a five-year period is documented in Table 2.

From 2010 to 2014, a total of 45 006 samples were inspected for the presence of the 
bacteria Salmonella at SVI Olomouc. From this group, totally 977 samples were found to 
contain salmonella, representing a prevalence of 2.2%.

The five-year trend in the positive findings of salmonella in meat and meat products 
is shown in Table 3 and Fig. 1, where a slight growth in the percentage of positive samples 
is shown during the years 2012, 2013 and 2014.

The overwhelming majority of the salmonella findings from the 45 006 samples was 
isolated from poultry meat and preparations. Together these commodities accounted for 
94% of the positive cases tested for the bacteria. The incidence of salmonella in samples 
from other commodities in this group was negligible. (Plate VI, Fig. 2) shows the share 
of the sample commodities with positive findings of salmonella over a five-year period. This 
distribution of positive cases corresponds to European data, according to which the highest 
incidence of salmonella over a three-year period (2011 – 2013) within the EU was in poultry 
meat products. Over the five-year period of our study, the salmonella incidence in beef and 
pork (including carcass swab samples) consistently reached only 0.5%. Similar results were 
reported by, e.g., Vipham et al. (2012), whose extensive study monitored the incidence 
of salmonella in beef collected in 2010 in the market network of 38 American cities. Of the 
2 885 samples that were inspected, salmonella was found in 0.66%. The smallest number 
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Table 1. Methods used in the microbiological inspection of meat and meat products

Monitored parameter Analytical method

Salmonella spp. CSN EN ISO 6579 
Listeria monocytogenes CSN EN ISO 11290-1,2 
Staphylococcus aureus CSN EN ISO 6888-2 
Escherichia coli CSN ISO 16649-2 
Staphylococcal enterotoxins* Method instructions EURL for staphylococcus ANSESS Paris
 *tests were made for the presence of enterotoxins belonging to groups A, B, C, D, E



of samples examined in our study was for fish commodities and fish products. Overall, only 
29 samples were examined, all with negative results. However, the epidemiological potential 
of this commodity should not be underestimated. Our group of negative fish samples is too 
small for general conclusions, and in the Czech Republic and other European countries there 
have been salmonella epidemics where the source of infection was a fish. For example, 
mackerel caused an epidemic of Salmonella Typhimurium, which was later isolated in 
many facilities including the SVI Olomouc laboratories (SVI Olomouc unpublished data). 
A similar occurrence was also published by the Dutch scientists Friesema et al. (2014). 
This concerned the largest salmonella epidemics in the Netherlands’ history, which occurred 
between August and December 2012. During this epidemic, around 23 000 people caught 
gastroenteritis, and S. Thompson was identified as the cause of problems in 1 149 people. The 
source of infection in this case was smoked salmon.

Fig. 1. Number of positive tests (%) for Salmonella spp. between 2010 and 2014
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Table 2. Overall numbers and results of samples examined for Salmonella spp. during the period 2010 – 2014 according 
to individual commodities 

Commodity monitored
 Salmonella spp.

 N n+ %n

Poultry meat 3 265 667 20.4
Poultry HTMP 59 0 0.0
Poultry preparations 1 066 103 9.7
Pork + carcass swabs 17 069 81 0.5
Beef + carcass swabs 10 778 49 0.5
Other HTMP 2 174 4 0.2
Other NHTMP 890 1 0.1
Other meat preparations 9 676 72 0.7
Raw fish 6 0 0.0
Smoked fish 7 0 0.0
Marinated fish products 16 0 0.0
Total 45 006 977 2.2 

N – number of samples examined; n+ – number of positive/non-compliant samples; %n – percentage of positive, 
non-compliant samples; HTMP – heat-treated meat products; NHTMP – non-heat-treated meat products



In terms of the serotypes diagnosed in the positive poultry samples, there is a significant 
percentage of Salmonella Infantis (34%). In this commodity, the S. Enteritidis serotype 
was found in only 7.4% of positive samples. (Plate VI, Fig. 3) shows a more detailed 
representation of salmonella serotypes isolated from poultry.

In both Europe and the Czech Republic, the main cause of foodborne infections in 
humans is the serotype S. Enteritidis. According to information from the EFSA (2015), the 
most commonly isolated serotype in Europe in 2013 in cases of illness was S. Enteritidis 
(39.5%), followed by S. Typhimurium (20.2%). In their work, Lane et al. (2014) assessed 
the significance of the S. Enteritidis serotype over the 67-year history of salmonellosis 
epidemiology in England, where more than 525 000 people had been infected between 
1945 and 2011, and where the cause of infection was identified as S. Enteritidis. 
As a direct result of these cases of infection, 6 750 000 working days were lost, 27 000 people 
were hospitalized and 2 000 people died. These data show the overwhelming importance 
of this serotype in the epidemiology of human salmonellosis. From an extensive group of 
977 strains of salmonella which had been isolated from meat and meat products, we 
only found S. Enteritidis in 7.4% of cases, which shows that the meat and meat products 
examined are not likely to be sources of salmonellosis in humans.

Listeria monocytogenes
Another pathogen which was monitored from 2010 to 2014 in meat and meat products 

was Listeria monocytogenes. Detailed data on the number examined and the results are 
shown in Table 4. 
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Table 3. Positive testings (samples examined and non-compliant microbiological findings) of Salmonella spp. 
from 2010 to 2014 in %

Year 2010 2011 2012 2013 2014
N 9 815 9 616 8 186 8 277 9 111
n% 1.1 0.8 2.3 3.3 3.6

N – number of samples examined; %n – percentage of positive - non-compliant samples

Tab. 4. The overall numbers and results of samples examined for Listeria monocytogenes during the period 
2010 to 2014 in individual commodities 

Commodity monitored
 Listeria monocytogenes

 N n+ %n

Poultry 0 0 0.0
Poultry HTMP 744 7 0.9
Poultry preparations 0 0 0.0
Pork + carcass swabs 0 0 0.0
Beef + carcass swabs 0 0 0.0
Other HTMP 23 613 386 1.6
Other NHTMP 1 501 5 0.3
Raw fish 5 0 0.0
Smoked fish 178 3 1.7
Marinated fish products 109 4 3.7
Total 26 150 405 1.5 

N – number of samples examined; n+ – number of positive/non-compliant samples; %n – percentage of positive, 
non-compliant samples; HTMP – heat-treated meat products; NHTMP – non-heat-treated meat products



A total of 26 150 samples were examined over the assessment period with a focus on 
the detection and quantification of Listeria monocytogenes. Non-compliant findings were 
discovered in 1.5% of the samples (405 cases). The incidence of non-compliant findings in 
meat and meat products from 2010 to 2014 is documented in Table 5 and Figure 4, which 
show a rise in cases of non-compliant samples from an average incidence in the first few 
years of around 1.3% to 2.9% in 2014. 

Fig. 4. Numbers of non-compliant findings (positive tests in %) of Listeria monocytogenes from 2010 to 2014

In this group, the largest percentage of non-compliant samples from the commodities 
monitored were from marinated fish products. The percentage share of this commodity 
in the overall non-compliant findings was 45.1% (Plate VI, Fig. 5). This was a relatively 
small group of samples in which 4 samples from 109 were non-compliant (3.7%). 
According to the EFSA (2015) the most problematic commodities in Europe in the 
period from 2010 to 2013 were RTE fish products where the number of non-compliant 
samples ranged between 4% and 8%. In samples taken in retail facilities, cheeses and 
fermented meat products fared almost as bad as fish in that period. The largest group 
of samples examined in relation to Listeria monocytogenes was Other HTMP. From 
23 613 samples, non-compliant findings were discovered in 386 cases, representing 1.6%. 
In their case study, Hächler et al. (2013) describe the significance of cooked meat products 
in the epidemiology of listeriosis. The outbreak affected nine people in Switzerland. 
Listeria monocytogenes serotype 1/2a was demonstrated in the laboratory in six of the 
patients. The same strain was also isolated from imported ham which the patients had eaten.  
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Table 5. Positive testings (samples examined and non-compliant microbiological findings) of Listeria monocytogenes 
from 2010 to 2014 in %

Year 2010 2011 2012 2013 2014
N 7 252 5 508 4 470 4 886 4 034
n% 1.6 1.1 1.1 1.2 2.9

 N – number of samples examined; %n – percentage of positive - non-compliant samples



Meloni et al. (2013) monitored the prevalence of listeria in Sardinian slaughterhouses 
from 2008 to 2011. For their study, 211 samples were taken from 5 pig slaughterhouses, 
171 came from the slaughtered pigs and 40 came from the slaughterhouse environment. 
The occurrence of Listeria monocytogenes was confirmed in 33% of the samples from 
the pig carcass, 7% from intestinal contents, 23% of samples from surfaces coming into 
contact with the pork meat and 25% of samples which were not in direct contact with the 
meat. In the group of isolates, only two serotypes were identified: 1/2c (78%) and 1/2a 
(22%).

Coagulase-positive staphylococci and staphylococcal enterotoxins
In microbiological food safety, Staphylococcus aureus is a basic representative 

of the group of coagulase-positive staphylococci (CPS) which can cause a wide range 
of infections as well as intoxication through its thermostable enterotoxins in humans. 
Tables 6 and 7 provide more detailed information on the number of samples examined and 
the microbiological results. 

From 2010 to 2014, the prevalence of non-compliant tests for CPS in the commodities 
under inspection was low (only 0.5% of 433 samples). Non-compliant results were sporadic 
and limited to a single commodity – pork and carcass swabs. Of 61 samples, 2 were 
non-compliant (3.3%). The positive cases were found in 2011 and 2012. 
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Table 6. The overall numbers and results of samples examined for coagulase-positive staphylococci quantification 
between 2010 and 2014 in individual commodities

Commodity monitored
 Coagulase-positive staphylococci

 N n+ %n

Poultry 34 0 0.0
Poultry HTMP 9 0 0.0
Poultry preparations 0 0 0.0
Pork + carcass swabs 61 2 3.3
Beef + carcass swabs 0 0 0.0
Other HTMP 220 0 0.0
Other NHTMP 108 0 0.0
Other preparations 0 0 0.0
Raw fish 0 0 0.0
Smoked fish 0 0 0.0
Marinated fish products 1 0 0.0
Total 433 2 0.5 

N – number of samples examined; n+ – number of positive/non-compliant samples; %n – percentage of positive, 
non-compliant samples; HTMP – heat-treated meat products; NHTMP – non-heat-treated meat products

Table 7. Positive testings (samples examined and non-compliant microbiological findings) of coagulase-positive 
staphylococci from 2010 to 2014 in %

Year 2010 2011 2012 2013 2014
N 131 98 52 38 114
n% 0 1 1.9 0 0 

N – number of samples examined; %n – percentage of positive - non-compliant samples



Table 8 presents a very small group of samples examined for the staphylococcal 
enterotoxin groups A, B, C, D and E. Only 5 samples were examined over the whole 
period. Two samples from prepared meals were indicated for testing by public health 
authorities based on clinical cases of patients whose symptoms resembled staphylococcal 
enterotoxicosis, but neither of the samples showed any foodborne toxins. We recorded 
2 positive cases in samples of boneless roast knuckle. These samples were submitted for 
testing due to the previous discovery of a high number of Staphylococcus aureus. 

Staphylococcal enterotoxins have the potential to cause epidemics of enterotoxicosis. 
Gallina et al. (2013) described an epidemic in Turin which occurred following a family 
party in the summer of 2011. Gastrointestinal disorders affected 26 of the 47 guests, with 
9 being hospitalized. The probable source of the toxin in this case was a salad from seafood 
products.

Escherichia coli
Escherichia coli is a normal physiological part of the intestinal microflora of healthy 

humans and animals. It is a commensal, partly a saprophyte, but also a symbiont. 
However, it is also a conditionally pathogenic microbe which can cause various serious 
diseases including fatal infections. In the intestinal tract of humans and animals, the 
pathogenicity of Escherichia coli is limited by particular strain-specific virulence factors 
(Zahradníček 2006).

As a part of this work, a total of 9 109 samples focused on E. coli were examined. 
Totally 352 cases (3.9%) were discovered non-compliant findings. The highest percentage 
of non-compliant findings (18.2%) was recorded for poultry, but due to the small group 
of 11 samples examined these results do not provide statistically significant conclusions. 
Of the 692 samples from poultry preparations, 5.2% of samples were outside legal 
safety limits, and from 8 161 samples of other preparations (particularly minced meat), 
3.8% of samples were non-compliant. Table 9 provides more detailed results, and Table 10 
summarizes non-compliant findings from individual years.

In 2012 Dan et al. (2015) examined a total of 144 samples from poultry carcasses, 
positive findings of E. coli were recorded in 16.7% of samples and the majority of isolates 
carried genes which were resistant to antibiotics.

The systematic monitoring of microbiological food safety focusing on all types of 
microorganisms, is essential for the protection of a healthy population. Globalization 
provides suitable conditions for the spread of a broader spectrum of microbial agents 
capable of causing illness among humans. This was shown in a study by Schoder et 
al. (2014), which describes the results of monitoring at Vienna airport. Over the course 
of eight months (August 2012 to March 2013), the luggage of 61 000 passengers 
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Table 8. The overall numbers and results of samples examined for the detection of staphylococcal enterotoxins between 
2010 and 2014 in individual commodities

Commodity monitored
 Staphylococcal enterotoxins

  N n+

Prepared food – rib-eye beef with rice 2 0
Boneless roast knuckle  2 2
Prepared food – bolognese sauce 1 0
Total 5 2 

N – number of samples examined; n+ – number of positive/non-compliant samples meat products



on 240 airlines from non-EU countries was monitored. During the inspection, 
1 473 animal products were confiscated which were being “illegally imported” in 
passengers’ luggage from countries outside of the EU. A total of 600 samples were 
collected suitable for bacteriological examination for the presence of Salmonella spp., 
Campylobacter spp., verotoxigenic Escherichia coli and Listeria monocytogenes. The 
highest incidence of positive cases was recorded for L. monocytogenes – 2.5 %, followed 
by VTEC – 1.3% and Salmonella spp. – 1.2%, Campylobacter spp. was not present in 
any of the samples examined.

Conclusions

This paper provides an overview of the microbiological findings in meat and meat-
product samples which were examined at Olomouc SVI between 2010 and 2014. 
Salmonella spp. bacteria were found in 2.2% of 45 006 samples, non-compliant findings 
of Listeria monocytogenes were identified in 1.5% of 26 150 samples. Of the 433 samples 
examined for coagulase-positive staphylococci, 0.5% were non-compliant, and of the 
9 109 samples examined for Escherichia coli, 3.9% were non-compliant. SVI Olomouc is 
one of the most important facilities which provide the laboratory inspection of foodstuffs 
in the Czech Republic.

69

Table 9. The overall numbers and results of samples examined for the quantification of Escherichia coli during 
the period 2010 to 2014 in individual commodities

Commodity monitored
 Escherichia coli

 N n+ %n

Poultry 11 2 18.2
Poultry HTMP 3 0 0.0
Poultry preparations 692 36 5.2
Pork + carcass swabs 113 1 0.9
Beef + carcass swabs 0 0 0.0
Other HTMP 112 0 0.0
Other NHTMP 0 0 0.0
Other preparations 8 161 313 3.8
Raw fish 1 0 0.0
Smoked fish 4 0 0.0
Marinated fish products 12 0 0.0
Total 9 109 352 3.9

N – number of samples examined; n+ – number of positive/non-compliant samples; %n – percentage of positive, non-
compliant samples; HTMP – heat-treated meat products; NHTMP – non-heat-treated meat products

Table 10. Positive testings (samples examined and non-compliant microbiological findings) of Escherichia coli from 
2010 to 2014 in %

Year 2010 2011 2012 2013 2014
N 2 052 1 757 1 935 1 685 1 680
n% 4.1 3.1 4.0 2.3 5.8

N – number of samples examined; %n – percentage of positive - non-compliant samples
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Plate VI
Bardoň J. et al.: The microbiological ... pp. 61-70

Fig. 2. The percentage of investigated commodities testing positive for Salmonella spp.

Fig. 5. The percentage of commodities testing positive for Listeria monocytogenes

Fig. 3. The representation of selected salmonella serotypes isolated from poultry meat  
and preparations from 2010 to 2014


