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Abstract
Our laboratory has developed a recombined porcine-derived mixed bacterial culture (RPCF) isolated from the ceca of a 
healthy, pathogen-free pig and have maintained it at steady state in a continuous-flow chemostat. The culture has been 
shown to protect neonatal and weaned pigs from infection and disease caused by Salmonella and E. coli. However, the 
mechanism of action of the protection from pathogens observed with the RPCF culture remains unclear.  In the present 
study, 40 piglets were delivered by caesarian section and reared under gnotobiotic conditions.  Piglets were either given 
RPCF within 1 hr after birth or were given sterile media.  At times 0, 8, 24, 48, and 72 hr post-birth, piglets were euthanized 
and samples of spleen taken.  Splenic cells from individual piglets were isolated and cultured with or without concanav-
alin A (conA).  Splenic cells from RPCF-treated piglets had increased levels of IL-1β, IFN-γ, IL-18, and IL-10 at 8 hr after 
birth compared to control piglets as measured by porcine cytokine ELISA. The increased levels of cytokines produced by 
RPCF-treated piglet splenocytes then declined over time, returning to levels observed in control pigs, or in some instances, 
below control levels.  These results suggest that RPCF may act as a modulator for certain aspects of innate immune devel-
opment.

Introduction
Our laboratory has developed a recombined, porcine-derived continuous-flow culture of mixed commensal 
bacteria (Gram-positive obligate anaerobes), designated as RPCF.  RPCF has eliminated multiple strains of Esche-
richia coli and Salmonella from chemostats during in vitro challenge (1).  When piglets are orally dosed with RPCF 
within 24 h of birth, the treated piglets have reduced colonization, shedding, and disease from E. coli and Sal-
monella following laboratory challenge with virulent strains of these organisms (2,3).  Furthermore, under field 
trial conditions, treatment of piglets at birth decreased mortality and medication costs associated with entero-
toxigenic strains of E. coli (4).  The mechanism of protection is unknown, but the authors speculate that it could 
be exclusion of pathogens by competition for attachment sites, receptors, or nutrition; production of bactericidal 
compounds such as bacteriocins; modulation and enhancement of immune function; or all of the above.  It is 
a known fact that commensal bacteria play an important role in the development of innate immune responses.  
The objective of the present study was to determine if RPCF could affect innate immune response in gnotobiotic 
piglets.   

Materials and Methods
Forty piglets were delivered by caesarian section and reared under gnotobiotic conditions.  Piglets were either 
given RPCF within 1 h after birth or were given sterile media.  At times 0, 8, 24, 48, and 72 h post-birth, 4 piglets 
from each group (total of 8 per time frame) were euthanized and samples of spleen taken.  Splenic cells from RP-
CF-treated piglets were isolated and cultured with or without concanavalin A (ConA) and analyzed by porcine 
cytokine ELISA for concentrations of IL-1β, IFN-γ, IL-4, IL-10, and IL-18.

Results and Conclusions
Splenic cells from RPCF-treated piglets had increased levels of IL-1β, IFN-γ, IL-10, and IL-18 at 8 h after birth 
compared to control piglets.  The increased levels of cytokines produced by RPCF-treated splenocytes then 
declined over time, returning to levels observed in control pigs, or in some instances, below control levels.  We 
conclude that RPCF can affect immune function in neonates and speculate that early innate responses observed 
herein may positively impact acquired immune responses later.

Discussion
These results suggest that RPCF may act as a modulator for certain aspects of innate immune function.  If so, 
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RPCF could be used to “prime the pump” of the immune system which could induce earlier development of the 
innate system in neonates.  In neonatal mammals, it appears that the immune system becomes “tolerant” of the 
commensal flora as it is exposed to them, eventually leading to a “non-response” to these bacterial species (5,6,7,8). 
Although there is a response to these organisms, this response is not detrimental to the host, keeping the normal 
flora relegated to their normal niche within or on the host. In this way, the host does not continue to respond to 
the normal flora in a costly way, saving a robust response for pathogens the host encounters. Failure of the im-
mune system to tolerate the commensal flora can lead to inflammatory disease in the host (5). Indeed, in swine, 
Lactobacillus species have been shown to enhance the immune response of pigs to an E. coli challenge, inducing T 
cell differentiation and enhanced cytokine expression (9). IL-1β, IFN-γ and IL-18 are considered pro-inflamma-
tory cytokines, aiding in the production of an immune response to non-self antigens. These cytokines would also 
be considered to be indicators of an innate immune response, the first line of defense of the host, leading to the 
production of the acquired immune response. It is unclear, however, if the production of these cytokines and the 
subsequent induction of the innate immune response are responsible for the protective effects of the RPCF culture, 
or if this response is part of the tolerance process. The induction of IL-10 production would indicate an attempt 
to modulate the response to the microflora, and perhaps an indication of the beginning of the tolerance process. 
Further studies would need to be specifically targeted to the tolerance process to flesh out the response, perhaps 
covering longer periods of time after birth.
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Abstract
In the European Union serological and/or bacteriological monitoring results on zoonoses are to be taken into account for the 
risk assessment of slaughter pig herds in the framework of the risk-based meat inspection. Furthermore, the European food 
safety strategy pursues the additional goal to increase herd health and animal welfare. To meet the two goals identifying and 
controlling the mainly latent zoonoses as well as production diseases, the challenge was to develop and validate a cost-effi-
cient diagnostic tool for simultaneously testing meat juice samples or blood serum samples for antibodies against various 
pathogens. The following antigens were chosen for detecting the corresponding antibodies by means of a protein microarray: 
a) zoonotic pathogens (Salmonella spp., Toxoplasma gondii, Trichinella spiralis, Yersinia enterocolitica, hepatitis E virus) and b) 
production disease causing pathogens (influenza A virus, Mycoplasma hyopneumoniae, PRRSV, Actinobacillus pleuropneumo-
niae). After validation by reference to the single-ELISA test results seven out of the nine chosen pathogens could be serolog-
ically detected by the developed microarray with test accuracy values between 0.71 and 1.

Introduction
The new European food safety concept for products of animal origin pursuits three main and equally important goals: 
optimizing food safety, animal health as well as animal welfare by means of process control along the entire food chain 
(Anonymous, 2002). The need for this legislative enhancement is on the one hand due to the fact, that the traditional ante- 
and post-mortem meat inspection methods (inspecting, palpating and incising) alone are not able to control subclinical or 
asymptomatic zoonotic diseases (Hathaway and Richards, 1993 and EFSA, 2011). On the other hand there is a growing social 
demand for food from healthy herds with a high level of animal welfare quality. The Regulation (EC) No. 853/2004 defines 
as minimum nine criteria for the so-called food chain information (Anonymous, 2004). 

Most parts of the food chain information are already available, because they have to be documented for other purposes at 
the farm or the abattoir or they are easy to attain. But other parts of the food chain information are not answerable without 
additional diagnostic tests. Although national serological salmonella monitoring systems are established in some European 
countries like Denmark, The Netherlands and Germany, information about other important zoonotic pathogens in pigs is 
missing. In the „Scientific opinion on the public health hazards to be covered by inspection of meat“ from 2011 the European 
Food Safety Authority (EFSA) ranked the following zoonotic pathogens as the most important public health hazards due to 
the consumption of pork: Salmonella spp., Trichinella spp., Yersinia enterocolitica and Toxoplasma gondii. The EFSA underlines 
the importance of serological monitoring programmes for subclinical zoonoses in pigs (EFSA, 2011). 

The concept of the meat juice multi-serology (Meemken and Blaha, 2011) is to use meat juice samples from the salmonella 
monitoring programmes and to extent the analysis to other zoonotic and animal health relevant pathogens.

Material and Methods
For developing a swine specific microarray various recombinant or native antigens were acquired with relevance for zoo-
noses or for production diseases. Except for the hepatitis E virus antigen, which was provided by the Institute of Virology, 
University of Veterinary Medicine Hannover, Germany, all other zoonotic antigens were provided by QIAGEN Leipzig, Ger-
many, who applies the same antigens in their commercial single-ELISA tests. The antigens with relevance for production dis-
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eases were partly provided by third party or were self-made and, 
thus, have not been used so far in commercial single-ELISA tests. 
Assisted by Alere Technologies, Jena, Germany a “swine-specif-
ic protein microarray” was produced. The chosen antigens were 
spotted in different concentrations on a glass platform located at 
the bottom of a microarray tube (Fig. 1). On the surface of the 
glass platform which has a size of 4 mm2 up to 200 antigens can 
be fixed. 

Positive and negative controls as well as antigens of the following 
zoonotic and production disease were spotted on the microarray: 
Salmonella spp., Toxoplasma gondii, Trichinella spiralis, Yersinia 
enterocolitica, hepatitis E virus, influenza A Virus, Mycoplasma 
hyopneumoniae, Porcine reproductive and respiratory syndrome 
disease (PRRSV) and Actinobacillus pleuropneumoniae (App). The concentration of specific antibodies in a sample is visual-
ized by the coloration intensity of the spots after processing and is calculable via a computer software between zero (no spe-
cific antibody in the sample) and one (high concentration of antibodies in the sample). During the validation phase different 
dilutions of meat juice samples and blood serum samples, different test substrates and test conjugates as well as different con-
centrations of the chosen antigens were tested. The results of the microarrays were compared to the respective single-ELISA 
test results. For each spot, i.e. antigen in a specific concentration, a cut-off was determined for optimal sensitivity, specificity 
and test accuracy via a Receiver Operating Characteristic curve analysis (ROC curve analysis).

Results
The test duration of a microarray test procedure for establishing nine serological results accounts for 1.5 h and is comparable 
to the test duration of any of the corrsponding single-ELISA tests. If meat juice samples are used as specimen, a preparation 
of the meat juice sample is required, i.e. that meat juice samples are to be diluted tenfold lesser than blood serum samples. 
Due to this preparation the test procedure for both specimens are equal. After validation of the micorarray and determi-
nation of cut-off values per spot, specificity, sensitivity and test accuracy could be calculated for each antigen used in the 
microarray. The highest level of test accuracy values are measured for Trichinella spp. (1), Toxoplasma gondii (0.99), hepatitis 
E virus (0.95), Yersinia enterocolitica (0.94), Salmonella spp. (0.92), PRRSV (0.91) and influenza A virus (0.71) with values 
between 0.7 and 1. Lowest test accuracy values were measured for those spots using the self-made antigens of Actinobacillus 
pleuropneumoniae (0.61) and Mycoplasma hyopneumoniae (0.54) with values between 0.5 and 0.6. 

In Fig. 2 a completely processed microarray is shown as example. 

Fig. 1: Microarray tube (3x1x0.8cm)

Fig. 2: Processed microarray test 
results with 2000x magnification



Safepork 2013 Procedings  •  6

Discussion
The major challenges during the development of a swine specific protein microarray for simultaneously detecting antibodies 
against zoonoses and production diseases were a) acquiring efficient antigens for the antibody detection, b) preparing meat 
juice samples and blood serum samples suitable for testing via microarray, and c) applying the same conjugates and sub-
strates as well as the same time sequences for each step of the procedure for nine different antigens due to the simultaneous 
approach in one reaction tube.

Regarding the suitability of the acquired antigens, all such antigens used in single-ELISA tests (Trichinella spp., Toxoplasma 
gondii, hepatitis E virus, Yersinia enterocolitica, Salmonella spp.) showed the highest sensitivity and specificity. This was due 
to the prior implemented standardisation of the single-ELISA tests regarding substrates, conjugates and procedures by the 
manufacturer. The self-made antigens of Mycoplasma hyopneumoniae and Actinobacillus pleuropneumoniae showed the 
lowest sensitivity and specificity and are to be revised in further research projects. 

Although most ELISA tests for production diseases are licensed for blood serum only, it could be shown by Meemken and 
Blaha (2011) that a tenfold lesser dilution of the meat juice sample compared to blood serum leads to comparable serological 
results for production diseases. This finding is in accordance with Nielsen et al. (1998) and Molina et al. (2008), who inves-
tigated a tenfold lesser Salmonella spp. antibody concentration and PRRSV antibody concentration in meat juice compared 
to the corresponding blood sera.

Measuring antibodies against zoonotic and animal disease pathogens in meat juice or blood serum samples and designing 
serological herd profiles is a meaningful tool for risk-categorizations of pig herds for the risk-based meat inspection and 
could be useful as basis for herd health management initiatives. By developing miniaturized and simultaneous test systems 
like the developed protein microarray the cost effectiveness can be considerably increased. 

Furthermore, identifying herd specific serological differences on a continuous basis will help to understand the underlying 
management factors determining the infectious status of pig herds especially the latent infections and will become a valuable 
benchmarking tool for targeted intervention measures to improve food safety and herd health. 

To design a serology based herd profile at least 60 meat juice samples per herd (to detect at least 5% intra-herd seropreva-
lence) should be taken at slaughter. If a serological monitoring programme like the German or the Danish salmonella mon-
itoring programme is established, the already taken meat juice samples can easily be used for detecting antibodies against 
additional pathogens, too. 

The composition of the test targets can be adapted to actual needs such as emerging risks, and special herd health threats.

Conclusion
The developed protein microarray is a valuable diagnostic tool to analyze antibodies against different zoonotic and pig disease 
pathogens at once in a meat juice or blood serum sample. Used in the framework of a serological monitoring program the 
resulting serological herd profiles can be used by farmers and veterinarians for targeted improvement measures as well as by 
food business operators and official veterinarians for risk-based decisions. The logistics of an existing meat juice or blood serum 
based salmonella monitoring programme could be utilised for the multi-serology concept to increase the feasibility and cost-ef-
fectiveness. If included in a surveillance system by continuously taking random samples per herd meat juice multi-serology via 
protein microarray could become a powerful diagnostic tool for improving food safety and pig herd health.

Funding
This work was financially supported by the German Federal Ministry of Food, Agriculture and Consumer protection 
(BMELV) through the Federal Office for Agriculture and Food (BLE), grant number 28011HS013
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Abstract
Occasionally, use of antibiotics is necessary to treat diseased animals. Prudent use is however necessary, as antibiotic usage 
can evoke the selection and propagation of antibiotic resistant bacteria. Antibiotic resistance in pigs is primarily a occupa-
tional risk for those who are in contact with pigs. Secondly, contamination of the environment and fresh food may expose 
the general population to resistant bacteria. Strict hygiene at slaughter (including a zero tolerance on fecal contamination) 
can prevent the contamination of food with resistant bacteria. 

Recent experience in The Netherlands shows that obligatory reporting of antibiotic usage and accompanying benchmarking, 
can result in a marked reduction. Also a ban on use of critical antibiotics (fluoroquinolones and cephalosporins) appeared 
to be feasible. We hypothesize that good animal health and optimal biosecurity are crucial to further reduce the occurrence 
and propagation of antibiotic resistance. To support the farmers, veterinarians, and other advisors in these areas, we assumed 
that the collection of data on health parameters in the slaughterhouse has an added value. Pathological findings is “classical” 
information about the health of the slaughtered animals. It was studied whether serological results from blood collected in 
the slaughterhouse, can be complementary information 

We show that differences in Salmonella- , Mycobacterium avium- and Toxoplasma- status can be used as a derivative of in-
ternal and external biosecurity at the farm. Serology on slaughterhouse blood for pathogens of the lung disease complex(e.g. 
PRRSV and Mycoplasma hyopneumoniae) provides additional information, which can support the animal health manage-
ment. 

It is concluded that future challenges lay in exchange of easily accessible information collected in slaughterhouses, develop-
ment of management alternatives based on this information, and development of additional serological methods.

Introduction
Antibiotics have influenced the therapeutic possibilities in human and veterinary medicine drastically after their discovery in 
the 1940s. Occasionally, use of antibiotics is necessary to treat diseased animals. In animal populations were the transmission 
of infection is very likely, it can also be used to mitigate the severity of disease in not yet clinically ill animals. The questions 
is however in which situations this is good veterinary practice. Prudent use is necessary, as antibiotic usage can evoke the 
selection and propagation of antibiotic resistant (ABR) bacteria. 

Antibiotic resistance in pigs is primarily a occupational risk for those who are in contact with pigs. This is for example seen 
in LA-MRSA, where those people who are in contact with live pigs are most likely to be colonized (GILBERT, 2012), however 
the pathogenicity of LA-MRSA is questioned HEALTH COUNCIL NL, 2011). Secondary spread of ABR bacteria may con-
taminate the environment and fresh foods, and may therewith expose the general population to resistant bacteria. 

Which sources finally attribute most to human exposure (environment-to-human, human-to-human, animal-to-human, or 
food-to-human) is marginally known. Moreover, the presence of resistant bacteria in live animals does not necessarily mean 
that this will lead to contamination of meat, and afterwards consumers. Strict hygiene at slaughter can prevent the contami-
nation of pork with Salmonella (VAN HOEK, 2012) and accordingly with resistant bacteria that are present in the intestinal 
tract of pigs. 
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Independent of the actual size of the contribution of antibiotic usage in animal production on the antibiotic resistance in 
men, there is societal and political pressure to reduce antibiotic usage in the animal production chains. Therefor the animal 
supply chain should prudently use antibiotic, and try to reduce the number of treatments and refrain from critical antibiotics. 

Recent experience in The Netherlands shows that obligatory reporting of antibiotic usage and accompanying benchmarking, 
resulted in a quick reduction of its usage (MEVIUS, 2012). Also a ban on use of critical antibiotics (fluoroquinolones and 
third and fourth generation cephalosporins) was implemented.  

We hypothesize that good animal health and optimal biosecurity are crucial to reduce the occurrence and propagation of 
antibiotic resistant microorganisms. When animals are healthy, there is no need to treat them with antibiotics. And when 
antibiotic resistance occurs, and good hygienic barriers are present, further transmission of resistant micro-organisms will 
be prevented. One of the building blocks that was investigated is the idea that the information generated from collection of 
data in the slaughterhouse has an added value to support farmers, veterinarians, and other advisors in these areas. Patho-
logical findings is “classical” form of data collected at the slaughterhouse that contains information about the health of the 
slaughtered animals. It was studied whether serological results from blood collected in the slaughterhouse, contains comple-
mentary information for this purpose. 

First serological data may be used as generic hygiene/biosecurity parameter. For this purpose serological data that is col-
lected for other purposes may be used. In many countries serology in slaughterhouses (either on meat juice or on serum) 
is collected for Salmonella serology. To control Salmonella the herd status of pig herds is assessed by serology in several  
countries, like Danmark, Germany and The Netherlands. Recently, other serological analyses were added to this slaughter-
house serological screening. In risk based meat inspection systems Mycobacterium avium- and Toxoplasma- serology are 
used to verify the hygiene status of the farm supplying to the slaughterhouse. Mycobacterium avium serology is performed 
to eliminate the need of incising the lymph nodes during meat inspection (HILLER, 2012). Toxoplasma is assessed as this is 
a relevant zoonotic agent, ingested with raw meat from pigs and cattle too (JONES, 2009, OPSTEEGH, 2012). We assessed 
whether serology for these zoonoses provides additional information about the level of biosecurity control.

The use of serology on slaughterhouse blood can be extended. An important reason for usage of antibiotics in pig production 
are lung diseases. Other reasons are intestinal problems and streptococcal infections around weaning. The major lung patho-
gens in today’s pig husbandry are Mycoplasma hyopneumoniae (Mhyo), Actinobacillus pleuropneumoniae serotype 2 (APP 
2), swine influenza virus (SIV), porcine reproductive and respiratory syndrome virus (PRRSV), and porcine circovirus type 
2 (PCV2). We therefor assumed that serology for  pathogens of the porcine respiratory disease complex (PRDC)  provides 
additional information, which can support the animal health management. 

Material and Methods
Based on literature we made an assessment on the linkage between serology for Salmonella, Mycobacterium avium and 
Toxoplasma for biosecurity verification.

Secondly, the potential of slaughterhouse blood as predictor of pig herd health status, as reflected in technical performance 
of the herd and the usage of antimicrobial drugs, was explored. Twenty pig herds located in Southeast Bavaria were includ-
ed in a study and followed during 4 fattening rounds. Blood samples at slaughter were randomly collected from a random 
delivery per round and submitted for ELISA serology. The blood was tested for antibodies of Mhyo, APP 2, SIV, PRRSV, and 
PCV2. Data on growth, feed usage and antibiotic usage were collected per farm. Statistical analyses were done to quantify the 
relation between serological response and technical performance (growth and feed efficiency) and antibiotic usage (for more 
details see: DÜSSELDORF, 2013).

Results
For the spread of Salmonella in pig herds biosecurity is of significant importance (BERENDS, 1999). From our assessment of 
the infection routes of Salmonella can be distinguished in external and internal routes; externally with piglet or gilts, rodents, 
birds etc. and internal transmission – from department to department by mixing pigs or carried by working personal, and 
failing cleaning and disinfection. Where biosecurity is well implemented, transmission of Salmonella will be prevented and 
less Salmonella positive serology will be found. Mycobacterium avium can be introduced by birds and contaminated water. 
Toxoplasma can be introduced by rodents or cats. Therefore positive serology may indicate that these introductory routes are 
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not in control. Pathogens that cause disease may use the same introductory or transmission routes, and ABR bacteria may 
use them as well.

Preliminary analyses showed that meaningful differences were found in serological statuses between the herds for the different 
lung pathogens. Analyses indicated that PRRSV was the most influential pathogen affecting technical herd performance. APP2, 
PCV2 and SIV significantly influenced the presence of pneumonia in pig herds, and APP2 was relevant to increasing clinical 
PRDC symptoms. The percentage of positive samples for the 5 parameters varied between zero and 85%. The proportion of 
positive samples was highly correlated with the percentage of pigs with symptoms of PRDC, the percentage of pneumonia per 
herd, the average daily growth rate (ADGR), and the average feed conversion rate (AFCR). (DÜSSELDORF, 2013).

Discussion
The assessment that was made indicates that the serology for zoonotic pathogens like Salmonella, MAA and Toxoplasma may 
predict the level of biosecurity. Without additional costs the serological results can be used to assess the biosecurity status 
and compare farms in a bench mark. .

The high correlation between the serological results for the lung pathogens and the herd technical performance indicates that 
the analysis of blood sampled at slaughter may aid in making better decisions on pig herd health management. Monitoring 
the five pathogens from the PRDC may enable an improvement in pig herd health, an increase in technical performance, 
and the promotion of the reduction of the usage of antibiotics in pig herds. Positive results have been reported for programs 
where blood is collected with regular intervals for serology on pathogens of the PRDC (e.g. Respig®, see: GEURTS, 2011). 
As the correlations with performance and positive serology at blood collected in the slaughterhouse are so good, the blood 
collection of these kind of strategies may as well be done in the slaughterhouse, were blood sampling can be done much easier 
and with less stress for the animal.  

The promising thing in the serology in slaughterhouse blood is that results indicate that farmers who can improve their farm 
health will most likely improve their performance, and therewith increase their profitability. This may be an incentive for 
farmers to request for serology on slaughterhouse blood.

The serological screening is only an assessment. The information is getting value when the farmers, veterinarians and other 
advisors that have a professional role in advising the farmer use this information appropriately. Research is planned how 
farmers can use these data to set goal for further improvement of herd health and reduction of antibiotic usage.

Serological monitoring will only be a part of the solution. The serological tools described are the most easily available. For 
intestinal diseases additional tools have to be investigated. 

Conclusion
It is concluded that future opportunities lay in exchange of easily accessible information collected in slaughterhouses, devel-
opment of management alternatives based on this information, and development and application of additional serological 
methods.

Funding
The research leading to these results has received funding from the European Community’s Seventh Framework Programme 
FP7/2007-2013 under grant agreement n° 228821.
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Abstract
The use of plant-derived products with antimicrobial activity appears as an alternative for the control of pig salmonellosis. 
The results of 3 field trials aimed at assessing the efficacy of different concentrations of a galactomannan (Salmosan®) in the 
control of Samonella infection in fattening pigs are presented. It was found that the addition of ≥2 kg/T of Salmosan® to the 
regular diet of pigs during the entire fattening period was able to decrease significantly the prevalence of Salmonella infection 
and shedding at slaughter. This galactomannan could be considered a good complementary tool along with good hygiene 
and biosecurity for the control of this infection in the pig farm. 

Introduction
Among the main zoonotic diseases transmitted by pigs and pork products in developed countries one of the most important 
is salmonellosis. In the USA this infection was considered the main bacterial foodborne illness in 2011 (1), while in the 
European Union (EU) it was ranked as the second after campylobacteriosis (2). After years of control programmes against 
poultry salmonellosis, pigs are now becoming a major source of infection for humans in the EU (2). 

Salmonella spp. are characterized by a great environmental and antimicrobial resistance. In addition, detection of 
asymptomatically Salmonella-infected pigs is not straightforward and vaccines are not usually used against zoonotic 
Salmonella. Thus, high standards on biosecurity and hygiene along the entire food chain are of utmost importance for the 
control of this infection (3). 

The use of some non-digestible oligosaccharides has been proposed as a new alternative for the control of salmonellosis in 
weaning and postweaning pigs. These are usually plant or yeast-derived products that have shown some antimicrobial effects 
either through modulation of beneficial microbiota, thus favoring competitive exclusion, bacteriocin production, etc., or 
through the enhancement of the intestinal defense system by some immunomodulatory action. Of particular interest are 
the mannan-oligosaccharides due to their ability to bind to mannose-specific lectin of gram-negative pathogens that express 
Type-1 fimbriae, thus blocking the adhesion of these bacteria and excreting them from the intestine. However, when these 
products have been tested results have been inconsistent (4-6).

In this study we show the results of 3 field trials aimed at assessing the effect that the addition to the diet of fattening pigs of 
different concentrations of a galactomannan obtained from carob bean gum (Ceratonia silicua) had on the prevalence and 
seroprevalence of Salmonella spp.

Material and methods
Three different doses (0.5, 2 and 3 kg per Ton of feed) of a galactomannan (Salmosan®, ITPSA, Barcelona, Spain) were used 
during the entire period of fattening in 3 field trials carried out in a small commercial fattening unit previously identified as 
positive for Salmonella. This product had shown promising results against salmonellosis in previous trials on weaning pigs 
(7). The fattening unit was divided in 8 pens (12-14 tagged pigs/pen). Four of these pens were randomly chosen as treatment 
pens and pigs from these pens composed the treatment group (T). Pigs from the other 4 pens formed the control group (C). 
The farmer was unaware of the pen allocation. 

All pigs were given in-feed colistin (120 ppm) for 2 weeks after arriving. Fifteen days after colistin treatment, serum (about 
50 pigs/group) and fecal samples (20-25 pigs/group) were collected to confirm the absence of significant differences in 
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group seroprevalence and fecal prevalence. At 60 and 90 days of the fattening period serum and fecal samples were collected 
again from a similar number of pigs. One week before slaughter serum was collected from a minimum of 40 pigs in each 
group (except in the first trial), and mesenteric lymph nodes (MLN) and feces (except in the first trial) were collected at 
slaughter. The ISO 6579:2002 and the Herdcheck® Swine Salmonella ELISA (IDEXX Lab., cutoff %OD≥40%) were used for 
microbiological and serological analyses, respectively. 

Univariable chi-squared analysis was used to assess the presence of differences in shedding, seroprevalence and prevalence 
between C and T at 60 and 90 days and at slaughter. A random-effects logistic regression (re-LG) with pen as the random 
factor and trial as the confounding factor was performed to measure the overall effect of the different doses of Salmosan® on 
the prevalence of infection and shedding at slaughter. 

Results
Bacteriological results 
Microbiological results for the C and T in the 3 trials are presented in Table 1. No significant differences were observed at 
any time when the lowest dose (0.5 kg/T) was used, but at higher doses (2 and 3 kg/T) the prevalences of infection and of 
shedding at slaughter were significantly lower for T. 

Doses of 2 or 3 kg/T of Salmosan® supplemented during the entire fattening period decreased significantly the prevalence 
of infection after taking into account pig allocation to pens and adjusting by trial (Table 2). A dose-response trend was 
observed, with a higher reduction when a higher dose was used. According to results in Table 2, the efficacy of Salmosan® 

could reach from 90% (2k/T) to 99% (3 kg/T) when compared to the control group. Similar results were observed for 
Salmonella shedding.

Seroprevalence
No differences were observed between C and T after colistin treatment in any of the trials. When the highest dose (3 kg/T) 
was used, a significant lower seroprevalence was observed in T compared to C after 60 days of fattening. No differences at 
any time were observed for the other two trials (Table 3). 

Discussion
The use of antibiotics as growth promoters or with a preventative use is officially forbidden in the EU. Thus, the control of 
enteric bacterial infections must be based on strict hygiene and biosecurity measures and the use of vaccines when available. 
No vaccines are commonly used for the control of salmonellosis in fattening pigs in the EU so far. Thus, different products, 
such as mannan-oligosaccharides, with antimicrobial properties are being considered as potential alternative for the control 
of this infection. Mannan-oligosacharides can be obtained from a wide variety of natural sources and their diverse biological 
composition and processing make their overall antimicrobial effect variable (4, 6).  

We tried different doses of a galactomannan obtained from carob bean gum (Salmosan®) added to the regular diet of pigs for 
the entire period of fattening to assess its effect on Salmonella shedding, prevalence and seroprevalence. The results indicated 
that the addition of ≥2 kg/T of Salmosan® was able to significantly decrease the prevalence of Salmonella infection and 
shedding at slaughter. In trial 2 this was supported by a significant lower number of seroconverting pigs (cutoff %OD>40) 
before slaughter. In trial 3, however, despite a very large number of control pigs were infected and shed Salmonella at slaughter, 
the proportion of seroconverting pigs was very low in both groups. This finding could be explained if Salmonella infection 
occurred mostly at the end of the fattening period, during the transport to the slaughter or at lairage (9), as seroconversion 
is seen around 2 weeks after infection (8). It could also be explained by a delayed onset of seroconversion that may happen 
with certain Salmonella strains (10). 

The apparent and unexpected difference in seroprevalence between C and T in trial 3 (0% vs. 7.8%; p=0.12, respectively) was 
most likely due to the intrinsic variability of the ELISA used, as three animals from C had ODs higher than 36% but lower 
than 40%, and thus were deemed test negative.    

Conclusion
In view of the bacteriological results, Salmosan® seems to be effective against Salmonella infection in fattening pigs. Its 
efficacy would be very high when doses ≥2 kg/T are used for the entire period of fattening, and may be useful even if 
infection occurs during the transport to the slaughterhouse or at lairage. Overall, this galactomannan could be considered 
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a complementary tool along with good hygiene and biosecurity for the control of this infection in the pig farm. Further 
investigation is warranted to confirm these findings. 

Table 1. Microbiological results (ISO 6579:2002) for fecal samples after 60 (60d) and 90 (90d) days in the fattening unit and 
for mesenteric lymph nodes (MLN) and fecal samples (Fecal) at slaughter.

Fattening unit Slaughter

60d 90 d MLN Fecal

N No. +  (%) p N No. +  (%) p N No. +  (%) p N No. +  (%) p

T1
C 19 4 (21)

0.41
45 2 ( 4.2)

0.99
42 23 (54.8)

0.25
T 28 3 (10) 44 1 (2.3) 49 21 (42.9)

T2
C 25 3 (12)

0.60
25 2 (8)

0.48
47 37 (78.7)

<0.01
45 26 (57.8)

<0.01
T 25 1 (4) 25 0 (0) 39 0 (0) 39 1 (2.6)

T3
C 26 7 (26.9)

0.15
28 0 (0)

1
49 20 (40.8)

<0.01
49 34 (69.4 )

<0.01
T 23 2 (8.7) 27 1 (3.7) 51 3 (5.9) 51 6 (11.8)

T1: Trial 1 (0.5 kg/T); T2: Trial 2 (3 kg/T); T3: Trial 3 (2 kg/T). C: control group; T: treatment group.  

Table 2. Results of the random-effect logistic regression on the effect of Salmosan® on Salmonella infection and 
shedding at slaughter.* 

Logistic regression parameters

Infection (MLN) Shedding (Fecal)

Factor P Odds Ratio (OR) 95%CI (OR) P Odds Ratio (OR) 95%CI (OR)
Doses

  0 kg /T feed 1 1

  0.5 kg /T feed 0.55 0.73 0.26, 2.07 - - -
  2 kg /T feed <0.01 0.09 0.04, 017 <0.01 0.06 0.02, 0.13
  3 kg /T feed <0.01 0.008 0.001, 0.07 <0.01 0.018 0.001, 0.23

Triala

  1 (April 2009) 1 - - -

  2 (May 2010) 0.15 3.1 0.64, 15.6 1

  3 (Feb. 2013) 0.47 0.68 0.25, 1.91 0.64 1.51 0.25, 8.86
*Pen as random factor and trial as confounding factor. No fecal samples collected in Trial 1 (0.5 kg/t.)
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Table 3. Serological results (Herdcheck® Salmonella ELISA, cutoff %OD ≥40) for the three trials after 60 (60d) and 
90 (90d) days in the fattening unit and one week previous slaughter (Slaughter).

60 d 90d Slaughter

N No. +  (%) p N No. +  (%) p N No. +  (%) p

T1
C 55 3 (5.5)

0.98
55 4 (7.3)

0.46
- - -

T 56 3 (5.4) 53 6 (11.3) - - -

T2
C 55 18 (32.7)

<0.01
53 13 (24.5)

0.06
40 15 (37.5)

<0.01
T 56 6 (10.7) 55 6 (10.9) 40 4 (10)

T3
C 51 1 (1.9)

1
51 0 (0)

0.12
49 0 (0)

0.12
T 51 2 (3.9) 50 3 (6) 51 4 (7.8)

T1: Trial 1 (0.5 kg/T); T2: Trial 2 (3 kg/T); T3: Trial 3 (2 kg/T). C: control group; T: treatment group.
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Abstract
QIAGEN Leipzig developed the pigtype® product line of ELISA tests for screening for swine zoonoses. This product line 
now includes ELISA for detection of salmonella-, Yersinia-, Trichinella-, and Toxoplasma-antibodies in swine. These pig-
type assays are validated for serum and meat juice samples and are officially approved by the German Friedrich-Loeffler-In-
stitut. In order to follow the seroprofiling concept, the pigtype ELISA reagents and assay protocols are standardized. This 
product concept allows combining serological salmonella monitoring with serological testing for other zoonosis. 

Introduction
In 2003, the European Parliament issued Directive 2003/99/EC on the monitoring of zoonoses and zoonotic agents 1. The 
purpose of this directive is to ensure that zoonoses are properly monitored, and that food-borne outbreaks receive proper 
epidemiological investigation. The collection of this information enables the evaluation of relevant trends and sources, 
which therefore permits the development of effective strategies to improve the herd health level and to contribute to con-
sumer protection. 

Since 2007 Germany has implemented an official state controlled program for salmonella reduction in pork. This pro-
gram is managed by the QS (Quality Scheme for Food) organization based on their salmonella Monitoring and Reduction 
Program for pork production2. This program is based on serological monitoring of pigs for antibodies to salmonella and 
classification according to its risk of salmonella into one of three categories3. One of three tests kits officially listed for this 
program is the SALMOTYPE® Pig Screen ELISA, which is now available as pigtype Salmonella Ab ELISA from QIAGEN 
Leipzig.

In order to allow serological monitoring for other infections, transmissible from pork to man, QIAGEN Leipzig developed 
ELISA test kits for detection of antibodies to Trichinella, Toxoplasma, and Yersinia in serum and meat juice samples. Those 
assays are fully validated and approved by Friedrich-Loeffler-Institute in Germany and harmonized, regarding reagents and 
protocols.

The purpose of this study was to evaluate the performance of new swine zoonosis assays in service and research laborato-
ries based on well characterized samples. Furthermore, prevalence data for different zoonoses were obtained.

Material and Methods 
Sets of 8 serum samples per zoonosis parameter were sent to 6 laboratories in Germany and Austria. The samples (each vial 
50 µl) were shipped frozen to the participants and storage instructions requested the samples to be stored at  –20°C until 
analysis. 

The analysis of the samples was performed blinded. The samples were identifiable by sample ID numbers (#1 – #8) with the 
prefix SM (= salmonella), TOX (= Toxoplasma), TR (= Trichinella), and YS (= Yersinia), respectively.

In Table 1, the samples of each test panel are listed, supplemented with information to sample origin and status. The status 
of field sera refers to results determined during validation of the respective pigtype ELISA kit. Samples were sourced from 
field studies, the School of Veterinary Medicine of the Leipzig University, and the Federal Institute of Risk Assessment in 
Germany.

The participant laboratories were requested to test the samples in two runs (e.g., on separate days) according to manufac-
turer’s instructions. 

Two data points per sample and laboratory were generated, 12 data points per sample, 96 data points per assay, and 384 
data points for the inter-lab trial samples sent.
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Table 1. Description of the test panel samples for salmonella (= SM), Toxoplasma (= TOX), Trichinella (= TR), and Yersinia 
(= YS).

Sample ID Origin

SM-1 Salmonella field serum swine:  weak positive   TOX-1 Toxoplasma gondii field serum wild boar: positive

SM-2 Salmonella field serum swine:  strong positive   TOX-2 Toxoplasma gondii field serum wild boar: weak positive

SM-3 Field serum swine: negative   TOX-3 Toxoplasma gondii field serum sheep: positive

SM-4 Salmonella field serum swine:  positive   TOX-4 Field serum swine: negative

SM-5 Salmonella field serum swine:  strong positive   TOX-5 Field serum swine: negative

SM-6 Salmonella field serum swine:  weak positive   TOX-6 Field serum swine: negative

SM-7 Field serum swine: negative   TOX-7 Field serum swine: negative

SM-8
Serum of a Salmonella Typhimurium 
vaccinated 84-day-old swine (21 d.p.i.; 3rd 
vaccination): positive 

  TOX-8 Toxoplasma gondii field serum wild boar: weak positive

TR-1 Trichinella field serum wild boar: positive   YS-1 Yersinia field serum swine: positive

TR-2 Field serum swine: negative   YS-2 Field serum swine: negative

TR-3 Field serum swine: negative   YS-3 Serum of a Yersinia enterocolitica experimentally infect-
ed 54-day-old swine (26 d.p.i.): strong positive

TR-4 Trichinella field serum wild boar: strong 
positive   YS-4 Serum of a Yersinia enterocolitica experimentally infect-

ed 41-day-old swine (13 d.p.i.): weak positive

TR-5 Serum of a Trichinella spiralis experimentally 
infected swine (20 w.p.i.): positive   YS-5 Field serum swine: negative

TR-6 Field serum swine: negative   YS-6 Serum of a Yersinia enterocolitica experimentally infect-
ed 51-day-old swine (23 d.p.i.): positive

TR-7 Trichinella field serum wild boar: positive   YS-7 Yersinia field serum swine: weak positive

TR-8 Field serum swine: negative   YS-8 Serum of a Yersinia enterocolitica experimentally infect-
ed 58-day-old swine (30 d.p.i.): strong positive

In addition, one participating laboratory tested serum from 32 fattening pigs, 20 organic pigs, and 25 wild boar samples 
from their sample collection. 

QIAGEN Leipzig pigtype ELISA test kits were sent to each of the participants of the inter-lab trial. All laboratories received 
ELISA test kits with the same batch number (Table 2).

Table 2. ELISA test kits and associated batch number.

Test kit name Batch No.
pigtype Salmonella Ab 11-11.2SM
pigtype Toxoplasma Ab 12.02.1TOX
pigtype Trichinella Ab 12-03.1TR
pigtype Yersinia Ab 12-01.1YS

The pigtype Salmonella Ab is an updated version of the well-known SALMOTYPE PigScreen ELISA. The assay detects an-
tibodies to salmonella serotypes of group B, C, D, and E (Kauffmann-White-scheme) in porcine serum, plasma, and meat 
juice samples.

pigtype Yersinia Ab is an ELISA for detection of antibodies to pathogen Yersinia strains in porcine serum, plasma, and 
meat juice samples.

pigtype Toxoplasma Ab and pigtype Trichinella Ab are multi-species ELISA test kits for detection of antibodies to Toxo-
plasma gondii and Trichinella spp., respectively. The kits are capable of detecting their respective pathogens in porcine 
serum, plasma, and meat juice samples. Furthermore, the kits are capable of detecting their respective pathogens in serum 
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and plasma samples of different mammalian species such as fox, goat, sheep, cattle, horse, dog, and/or cat.

All the ELISA products have interchangeable sample dilution buffer, wash buffer, substrate-, and stop-solutions. They use 
the same test procedure steps, with a 60 minute sample incubation, 30 minute conjugate incubation, and 10 minute sub-
strate incubation. All steps are performed at room temperature. The test procedures are flexible with the option of a 60 
minute incubation period at room temperature or an overnight incubation at 2–8°C (ON protocol).

Results 
All laboratories scored the correct results for negative and positive samples using the pigtype Salmonella Ab (Figure 1). The 
total CV for positive samples of the test panel, using pigtype Salmonella Ab, is 12.7%. Using pigtype Toxoplasma Ab, all 
laboratories scored the correct results. The total CV for the positive samples of the test panel, using pigtype Toxoplasma Ab 
is 13.5% (Figure 2).

Figure 1. pigtype Salmonella Ab box plot re-
sults.

Figure 2. pigtype Toxoplasma Ab box plot 
results.

All laboratories scored the correct results using pigtype Trichinella Ab,. The total CV for the positive samples of the test 
panel, using pigtype Trichinella Ab is 8.8% (Figure 3). Using pigtype Yersinia Ab, all laboratories scored the correct results. 
The total coefficient of variation is 8.8% for the positive samples of the test panel in the pigtype Yersinia Ab (Figure 4).

Figure 3. pigtype Trichinella Ab box plot results Figure 4. pigtype Yersinia Ab box plot results

As part of this study a limited number of field samples were tested. In fattening pigs a low percentage of Yersinia antibody 
positives were detected, while in organic pigs more salmonella and Toxoplasma antibody positives were found. The highest 
percentage of salmonella, Toxoplasma, and Yersinia positives was detected in wild boars. 4% of tested wild boar sera had 
antibodies specific to Trichinella (Figure 5).
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Figure 5. Prevalence of antibodies to salmonella, Toxoplas-
ma, Trichinella, and Yersinia in wild boar, fattening pigs, 
and organic pigs.

All of the participants were comfortable with sample dilu-
tion, quantity of reagents, and duration of the test. Two lab-
oratories performed the ELISA manually and 4 laboratories 
semi-automated (no fully automated testing). There was little 
inter-lab variation with each sent ELISA. None of the labo-
ratories reported any problems in the procedure of the tests. 

Conclusions
In this study, there was a ≥99% agreement of the test panel results for the participating laboratories. Our data suggest the 
suitability of the pigtype assays for an easy-to-use and cost-efficient serological monitoring for zoonotic diseases in swine 
herds. This could be an effective tool to use, under the European Directive on zoonoses, and bring improvements to herd 
risk assessment and risk oriented meat control.
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Abstract
Bayesian inference was used to estimate the true seroprevalence of enteropathogenic Yersinia in pigs in Finland. Sensitivity 
and specificity of the diagnostic test were also estimated. One-hundred-seventy-two pigs of different ages were sampled 
and analysed for antibodies against enteropathogenic Yersinia outer proteins by a commercially ELISA test. Posterior prob-
ability estimates for sensitivity and specificity of the ELISA were 69.9% and 84.3%, respectively. The posterior probability 
of the true seroprevalence of enteropathogenic Yersinia was 78.6% for all pigs. There was an age tendency with the highest 
seroprevalence values in fattening pigs and in sows.

Introduction
Yersiniosis is a food-borne disease in humans, mainly caused by Yersinia enterocolitica (EFSA and ECDC, European 
Centre for Disease Prevention and Control 2012). Y. enterocolitica infections have been associated with the consump-
tion of pork products (Tauxe and others 1987; Fredriksson-Ahomaa and others 2006; Rosner and others 2010). Healthy 
pigs are often asymptomatic carriers of Yersinia; and are considered the major reservoir of this zoonotic agent (Fredriks-
son-Ahomaa and others 2001; Fredriksson-Ahomaa and others 2006).

Serum samples can be analysed for antibodies against Yersinia by different serological test(Nielsen and others 1996; von Al-
trock and others 2006). In general, serology is a diagnostic tool that can be used for monitoring Yersinia, and it is cheaper 
and less time-consuming than the bacteriological methods (Fredriksson-Ahomaa and others 2011).

Detection of antibodies could provide a good estimation of the prevalence of enteropathogenic Yersinia in pigs at farms, 
when taking into account the sensitivity and specificity of the diagnostic tests used. The true seroprevalence can be estimat-
ed from an apparent seroprevalence by using the Bayesian inference which allows the incorporation of prior information in 
addition to the data. As well, the Bayesian approach provides a reliable estimate of the sensitivity and specificity when there 
is no gold standard test. The objective of the present study was to estimate the true seroprevalence of Yersinia in pigs using 
a Bayesian approach based on a cross-sectional sampling, and to estimate the diagnostic test sensitivity and specificity. The 
results showed that the sensitivity and specificity of the ELISA test were lower than previously reported by the manufactur-
er; and, the posterior probability estimate of the true seroprevalence was 78.6% (95%PI 61.5 – 90.5), for all pigs.

Material and Methods
In this study, serum samples were collected and analysed for occurrence of antibodies against enteropathogenic Yersinia. 
Individual serum samples from weaning pigs (20 to up to 50 kg), fattening (50 kg or more), and sows were collected on 
the farms, as previously described by Virtanen et al. (Virtanen and others 2012). The serum samples were tested for the 
presence of Yersinia antibodies by using a commercially available ELISA kit (Pigtype Yopscreen, Labor Diagnostik, Leipzig, 
Germany).

The definitions of apparent seroprevalence (Ap), true seroprevalence (Tp), sensitivity (Se) and specificity (Sp) were con-
sidered as defined by Thrusfield (Thrusfield 2007). Independent beta prior distributions were used to take into account the 
uncertainty in the true seroprevalence, sensitivity, and specificity (Hanson and others 2003). The number of seropositive 
pigs (x) is conditional on the true seroprevalence, thus the model was: x ~binomial (Ap, n), where Ap = Tp*Se + (1-Tp)
(1-Sp).

Prior beta distributions for the true seroprevalence were constructed based on a systematic review of the literature. Average 
pooled results of the apparent prevalence and its 95% confidence interval for each age group were calculated. Finally, they 
were used as inputs in the software Betabuster (downloaded from http://www.epi.ucdavis.edu/diagnostictests/betabuster.
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html).

Information provided by the ELISA test’s manufacturer validation report was used to estimate the prior distributions for 
sensitivity and specificity of the serological analyses. The sensitivity was estimated assuming a binomial model and uniform 
prior, where x out of n infected animals tested positive, thus beta (x+1, n-x+1). The specificity was similarly estimated.

Models were constructed in WinBUGS 1.4.3. Inferences were based in 50000 iterations after a burn-in of 1000 iterations 
for convergence. Results from the marginal posterior distributions are summarized as the median and their probability 
intervals (PI).

Results
The estimated sensitivity of the ELISA was 69.9% (95% PI 61.9 - 77.7), and the specificity was 84.3% (95% PI 51.9 – 99.2). 
The posterior probability estimates of the true seroprevalence in each age group of the Finnish pig population are presented 
in the Figure.

A sensitivity analysis was conducted using different beta prior distributions for each model, and no significant differences 
were found between the posterior estimates, F-value (p>0.05).

Discussion
The commercial ELISA has been used to determine the seroprevalence of Yersinia in pigs (von Altrock and others 2006; 
Fredriksson-Ahomaa and others 
2009; von Altrock and others 2011; 
Virtanen and others 2012) without 
questioning the accuracy character-
istics reported by the manufacturer. 
The estimations obtained indicated 
that the commercial ELISA had 
lower sensitivity and specificity 
than previously reported by the 
manufacturer.

Several studies have reported 
apparent seroprevalence of Yersin-
ia in pigs; however, differences in 
sensitivity and specificity between 
diagnostic methods result in dif-
ferent true seroprevalence estimations. The true seroprevalence estimated in this study was significantly higher than the 
commonly reported apparent seroprevalence. The differences might be explained because those studies were based on a 
frequentist approach without taking into account the prior information nor the uncertainty of the sensitivity and specificity 
of the diagnostic test used. Therefore, the true seroprevalence estimated in the present study is not comparable directly.

Fattening pigs showed a true seroprevalence of 77.9%, value between the range of previously reported apparent seropreva-
lence of 2.5% (Nesbakken et al., 2007) to 82.1% (Virtanen et al., 2012). The use of two ELISA tests was reported to be used, 
which might explain the wide range of seroprevalence. The two test were the anti-LPS ELISA for specifically detection of Y. 
enterocolitica O:3 (Nesbakken and others 2006; Nesbakken and others 2007) and the same ELISA kit that we used that is 
against antibodies of enteropathogenic Yersinia (von Altrock and others 2006; von Altrock and others 2011; Virtanen and 
others 2012).

The lowest value of the true seroprevalence was found in weaning pigs, as they might be still protected by the maternal 
antibodies against Yersinia. Significant differences in seroprevalence between groups were observed, showing that the true 
seroprevalence increased with age, as previously reported by Vilar (Vilar and others 2013).

Conclusion
The Bayesian approach provided reliable information on the seroprevalence of enteropathogenic Yersinia in pigs, and also 
useful information of the ELISA diagnostic test commonly used to detect antibodies against Yersinia.
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Aim of this study was to determine if a known MRSA contamination within a pig herd could persist for a period 
of two years.

Material and Methods:
16 pig herds with a known MRSA contamination were asked to participate in this study. Per herd, five dust swabs 
(Sodibox®) were collected every two months for a period of two years. Samples were tested for presence of MRSA 
by culture and two PCR’s for confirmation of MRSA. Isolates were typed by spa- en MLVA-typing.

Results: 
These 16 herds were sampled 177 times, varying from 4 to 13 times per herd. 72.9% of all samplings had at least 
one positive sample. Per herd this ranged from 38% to 100%. A total of 882 dust swabs were collected, of which 
32.8% were positive, varying from 12% to 58% per herd. 284 isolates were spa-typed, yielding 17 different spa-
types, mostly t011 and t108, with a minimum of 1 and a maximum of 6 spa-types per herd for the entire period 
and with a maximum of 3 per sampling. MLVA-typing did not lead to much more information, only in one herd 
there were two different types of spa-type t011: t011-398 (common) and t011-555 (only once). In 12 herds there 
was a spa-type which was found from beginning to the end of the test period. In 4 herds the same spa-type was 
found, and still prominent, as was found in the initial sampling in 2008. In many herds there were incidental 
findings of rare spa-types. Detailed results can be found in table 1.

Conclusions: 
Overall a dynamic picture of contamination emerges, with herds being contaminated with a single type for a long 
time, dominant spa-types being replaced by another type and occasional findings of rare types. Both within herd 
reduction of contamination and prevention of new introductions will be necessary to control MRSA in pig herds.
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Table 1. Results of the longitudinal study on MRSA in swine herds, per sampling 5 dust swabs were taken. Pre-
sented are the spa-types and number of samples positive per herd per round and totals.

Round Total

Herd
spa-
type 2008 1 2 3 4 5 6 7 8 9 10 11 12 13

round   
1-13

1 t108 6     1   3 1 2 1 4 3 1 1 1 18
1 total 6  0  0 1 0 3 1 2 1 4 3 1 1 1 18
2 t108 14 1 1 3 2 4 3 14
2 total 14 1 0 1 3 -* - - 2 4 - - - 3 14
3 t108 2 2   1                     3
3 t127 9 2 1 2 1                   6
3 total 11 4 1 3 1 -  -  -  -  -  -  -  -  -  9
4 t011 8 3 1 1 1 2 4 12
4 total 8 3 1 0 1 0 1 0 0 2 0 0 - 4 12
5 t011 11 5       1   2 1   1 2 1   13
5 t3423                     1       1
5 t6320         1                   1
5 nt     1                       1
5 total 11 5 1 0 1 1 0 2 1 -  2 2 1 0 16
6 t011 10 2 1 1 1 1 1 1 8
6 t108 2 1 2 1 1 1 1 1 4 14
6 t1606 1 1
6 total 10 2 0 4 3 2 2 2 1 1 1 0 1 4 23
7 t011   5 2 3 4 2 3 1 1         4 25
7 t1451             1               1
7 total -  5 2 3 4 2 4 1 1 -  -  -  - 4 26
8 t011 3 3 1 1 2 2 2 1 15
8 t108 1 1 1 3
8 total - 3 0 3 1 2 1 0 0 3 2 0 2 1 18
9 t011   1     1                   2
9 t034       1 1                   2
9 t108   2   1         1         3 7
9 t2330   1                         1
9 total -  4 0 2 2  0 0 0 1 0  0  0  0 3 12

10 t011 1 3 4
10 t108 5 2 7
10 t1457 1 1
10 total - 5 0 0 2 0 1 0 0 - - - - 4 12
11 t011   2 3 3 2 1 3 1   2 1 1 2   21
11 t034           2           1     3
11 t1184       1             1       2
11 t1456                     2       2
11 t6320         2 2                 4
11 t7621               4             4
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Round Total

Herd
spa-
type 2008 1 2 3 4 5 6 7 8 9 10 11 12 13

round   
1-13

11 total -  2 3 4 4 5 3 5  0 2 4 2 2  0 36
12 t108 9 1 1
12 t899 1 1 1 2 1 1 2 1 1 10
12 t1457 1
12 total 11 1 1 2 0 1 0 1 2 0 0 1 0 2 11
13 t011 7     1   1                 2
13 t899     3 1   2   4 2 2       2 16
13 total 7  0 3 2 -  3 0  4 2 2 - - - 2 18
14 t011 1 1
14 t108 10 1 3 3 1 3 2 2 2 2 19
14 nt 1 2 3
14 total 10 1 1 0 3 - 2 3 1 3 2 2 3 2 23
15 t011 7 5 1 2 2 3 5 3 2 2 1 2   2 30
15 t1451                   1         1
15 t2346 4     1 1 1                 3
15 total 11 5 1 3 3 4 5 3 2 3 1 2 0 2 34
16 t002 5 1 1 1 3
16 t2164 1 1
16 t899 2 2
16 nt 1 1
16 total 5 1 1 1 1 0 0 0 1 0 0 0 - 2 7

Total 208 42 15 29 29 23 20 23 15 24 15 10 10 34 289
* not done

nt: not typed
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Abstract
Extended-Spectrum Beta-Lactamases (ESBL) and AmpC Beta-Lactamases (AmpC) are of great concern because 
of their ability to cause antimicrobial resistance in Enterobacteriaceae hampering the effect of treatment with 
beta-lactam antibiotics. The main objective of this study was to assess the relative importance of different types of 
meat for the exposure of consumers to ESBL/AmpC and their potential relevance for human cases in Denmark.
This was assessed by weighting the prevalence of each genotype of ESBL/AmpC-producing E. coli (ESBL/AmpC-
PEC) in imported and nationally produced broiler meat, pork and beef with the meat consumption patterns in 
Denmark. Data originated from the Danish surveillance programme for antibiotic use and antibiotic resistance 
(DANMAP) for 2009 to 2011. Data about human ESBL cases in 2011 were also collected to assess a possible 
genotype overlap. Uncertainty was assessed by inspecting beta distributions of the genotypes in each type of meat.
Broiler meat represented the largest part of the estimated ESBL/AmpC contaminated pool of meat (83.8%) 
compared to pork (12.5%) and beef (3.7%). CMY-2 was the genotype with the highest relative importance for 
human exposure (58.3%). However, it is rarely found in humans in Denmark.
In general the overlap between ESBL/AmpC genotypes in meat and those found in human E. coli infections 
isolates was limited. CTX-M-1 had a relative importance of 28.8% for human exposure through meat. The 
prevalence of CTX-M-1 in humans was 7.3% of E. coli urinary tract infections and 8.0% of E. coli bloodstream 
infections. Hence, the genotype CTX-M-1 was considered the most relevant genotype found in meat when 
referring to human exposure. This suggests that meat might constitute a less important source of ESBL/AmpC 
exposure of humans in Denmark than previously thought. Nonetheless, more detailed surveillance data are 
required to determine the contribution of meat compared to other sources, such as pets and hospitals.

Introduction
Extended-Spectrum Beta-Lactamases (ESBL) were defined by the EFSA Panel on Biological Hazards (BIOHAZ) 
as plasmid-encoded enzymes found in the bacterial family Enterobacteriaceae. ESBL confer resistance to a 
variety of beta-lactam antibiotics, including penicillins, 2nd, 3rd and 4th generation cephalosporins and mono-
bactams (EFSA, 2011). The BIOHAZ panel also stated that AmpC Beta-Lactamases (AmpC) are intrinsic cepha-
losporinases found on the chromosomal DNA of many Gram-negative bacteria. However, the number of AmpC 
enzymes that are plasmid-borne, such as CMY-2, is increasing (EFSA, 2011).
Economically and socially, the burden of antimicrobial resistance is quite significant (De Kraker et al., 2011). 
The World Health Organization (WHO) calculated 25,000 deaths each year in the European Union (EU) due to 
infections with antibiotic resistant bacteria (WHO, 2011a). The increase of ESBL/AmpC is particularly worrying 
due to their resistance to 3rd and 4th generation cephalosporins, which have been considered critically import-
ant to human medicine (WHO, 2011b). Recently, a possible link has been made to food and food-producing 
animals (EFSA, 2011; SAGAM, 2009), stressing the importance of scrutinizing the role of food animal products 
to human ESBL/AmpC-producing bacteria (ESBL/AmpC-PB) infections.
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Denmark, as the other Nordic countries, has always been considered having a low animal prevalence of anti-
microbial resistance, due to the conscious use and restrictive measures related to antibiotics. The “Yellow card” 
initiative (Alban et al., 2013) and the cephalosporins ban for use in pigs (Agersø & Aarestrup, 2013) are examples 
of the precautionary Danish policy related to antimicrobial use in animal production.
In 2009, the first Danish surveillance study in meat and live animals with enriched culture method was per-
formed, nowadays described as the preferred method for ESBL/AmpC producers isolation (EFSA, 2011), fol-
lowed by genetic background investigation (Agersø et al., 2012). Since then, this protocol has been repeated 
yearly, revealing an increasing prevalence in Danish broiler meat from 3% in 2009 (data not published) to 44% 
in 2011 (DANMAP, 2011). In the same period, imported broiler meat had prevalences between 36% and 50% 
(DANMAP, 2009, 2010, 2011).
The aim of this project was to determine the relative importance of the various ESBL/AmpC-producing E. coli 
(ESBL/AmpC-PEC) genotypes in different meat types with respect to exposure of Danish meat consumers. 
Moreover, the genotype overlap between isolates found in meat and human cases was evaluated to assess the 
relative importance of meat as a source of ESBL/AmpC-PEC infections in humans.

Material and Methods
Data about the fresh and frozen meat available for consumption in 2009, 2010 and 2011 were collected and 
divided into six categories: imported and domestically produced broiler meat, pork and beef (DTU, 2011). 
Furthermore, the prevalence of the different genotypes found in each category of meat was obtained (DANMAP, 
2009, 2010, 2011). In the DANMAP programme, detection of ESBL/AmpC-PEC is conducted using a selective 
culture method with antimicrobials. This method has a very high sensitivity and is qualitative, hence resulting in 
positive or negative outcome.
To calculate the relative importance of each type of meat and of each genotype for human exposure, the prev-
alence of ESBL/AmpC genotypes was weighted by the amount of meat available for consumption: Weighted 
prevalence (WP) = Prevalence*Meat available for consumption. All the WPs were added to have an ESBL/AmpC 
Total Pool. Finally, the WP of each genotype was divided by the ESBL/AmpC Total Pool: Relative importance 
(RI) = WP/ (ESBL/AmpC Total Pool).
Due to the low frequency of positive samples for pork and beef and the low frequency of testing in general, a 
pool of the 3 years’ sampling was used. However, the described procedure was also applied to each year separate-
ly. The genotype group “Others” included TEM-52 and unknown (i.e. where it was impossible to determine a 
specific genotype) in beef; unknown genotypes in pork; and TEM-20, TEM-52, up-regulated AmpC and un-
known genotypes in broiler meat.
Using the software @Risk 4.5 Palisade Corporation®, beta distributions were created to assess the 95% credibility 
interval (CI) for each the genotype and hereby estimate how high the true prevalence could be given the avail-
able data. The beta distributions were made through a simulation using 1,000,000 iterations. The distributions 
were defined by (s+1, n-s+1), where s represents the number of positive samples for each genotype in each type 
of meat from 2009 to 2011, and n represents the total number of samples tested for ESBL/AmpC-PEC in each 
type of meat within the same 3-year period.

Results
During the period 2009 to 2011, broiler meat contributed the most to the total human exposure to ESBL/AmpC-
PEC representing 83.8% of the total exposure. Danish broiler meat contributed with 37.0% and imported broiler 
meat with 46.8%. Danish and imported pork constituted 6.2% and 6.3% of the ESBL/AmpC positive meat avail-
able for consumption, respectively. Beef had minor relevance representing 1.2% in beef of Danish origin and 
2.5% of imported origin.
The relevance of each genotype varied between the 3 years (Figure 1). Most important was the increase in the 
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role CMY-2 in Danish broiler meat from 4.6% in 2009 to 11.8% in 2010, increasing to 53.5% of the total expo-
sure in 2011. Moreover, CMY-2 constituted the genotype that meat consumers were most exposed to (58.3% 
across the 3-year period). CTX-M-1 was the most frequently isolated genotype in pork and beef at 8.2% and 
2.5% of the total exposure, respectively. Including broiler meat, CTX-M-1 represented 28.8% of the total ESBL/
AmpC positive meat in the Danish market from 2009 to 2011. Overall, Danish meat presented a lower relative 
importance and imported meat contributed to 55.7% of the human exposure.

Figure 1 – Rela-
tive importance 
of each type of 
meat for hu-
man exposure 
considering the 
genotypes found 
in DANMAP 
surveillance from 
2009 to 2011. The 
beef genotypes 
are represented 
in blue colours, 
while pork is in 
pink, red and orange, and broiler meat is in green, brown and yellow colours.

CTX-M-15 was the genotype most commonly found in human cases. It was found on rare occasions in Danish 
pigs and cattle at slaughter. However, it has not been detected in meat samples so far. This ESBL genotype was 
estimated to be present in Danish pork and beef below prevalences of 0.7% and 1.0%, respectively, given the 
available data. The prevalence of CTX-M-1 was 2.0% in imported pork (DANMAP, 2009, 2010, 2011), but this 
estimate is uncertain due to the low number of samples. The estimated upper limit of prevalence for this geno-
type was 3.8% in imported pork.

Discussion
A definitive cause-effect association cannot be established through our approach. The limited genotype overlap 
between the meat and human reservoirs indicates that meat might play a minor role for human cases of ESBL/
AmpC-PEC.
Considering that cephalosporins have not been used in poultry in Denmark for more than 10 years it is pos-
sible that the high prevalences detected in Danish broiler meat might be caused by practices upstream in the 
production pyramid. This hypothesis has also arisen in Sweden (Börjesson et al., 2013; SVARM, 2010). Danish 
and Swedish broiler parents come from the same Swedish breeding stock, which in turn is supplied by a Scot-
tish grand-parent breeding company where cephalosporins were used as a prophylactic measure until recently. 
Cross-contamination through the environment, humans or animals, as well as off-label use of cephalosporins, 
should also be considered and investigated. Moreover, it should be studied whether the animal feed is an import-
ant source of ESBL/AmpC-PEC. However, the fact that CMY-2 and CTX-M-1 were also the genotypes detected 
in Swedish broiler meat (SVARM, 2010) and both of them being the only ESBL/AmpC genes persistently de-
tected in Danish broiler meat from 2009 to 2011, supports the hypothesis of a common source upstream in the 
production pyramid. Co-resistance patterns may have facilitated the spread and maintenance of ESBL/AmpC-
PEC (Börjesson et al., 2013).
The discontinuation of the use of cephalosporins in pigs is the most likely explanation for the reduction on the 
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ESBL/AmpC-PEC prevalence seen in these animals in 2011 (Agersø & Aarestrup, 2013). Other factors could also 
have contributed to this diminution, i.e. the “Yellow card” initiative, adopted almost at the same time and that 
initially led to a 25% decrease in use of antimicrobials in livestock (Aarestrup, 2012; Alban et al., 2013).
In humans, the so-called “pandemic CTX-M-15” genotype dominated both in blood and urine ESBL-PEC iso-
lates, with 68.0% and 59.3%, respectively (DANMAP, 2011). CTX-M-1 was detected in 7.3% of urine and 8.0% of 
blood isolates (DANMAP, 2011). However, it should be noted that, particularly for human ESBL-PEC septicae-
mia, the number of cases on which these results are based is quite small (n=25). Consequently, it is possible that 
the true ESBL genotype distribution is slightly diverse from what was found and some genotypes causing infec-
tions may have not been detected. As CTX-M-1, CTX-M-14 was detected both in human infections and meat.
ESBL/AmpC genes found in humans and meat overlapped to a limited extent. It should be highlighted, however, 
that although some genotypes were not found in meat they were found in live animals, indicating their possible 
presence in meat. This is the case of CTX-M-15, which was detected in very low prevalences in Danish pigs and 
in Danish cattle.
This was one of the main motives to assess the uncertainty. This investigation is especially interesting to apply 
to genotypes that were found in live animals and not in meat. The upper 95% CI expected prevalence for ESBL/
AmpC genes not detected in meat (that is the case of CTX-M-15), considering the DANMAP sampling within 
the 3-year period, was 0.7% for Danish pork, 0.9% for imported pork, 1.0% for Danish beef, 1.4% for imported 
beef, 0.9% for Danish broiler meat and 0.7% for imported broiler meat. Such low prevalences points against a 
role of meat for the CTX-M-15 PEC infections in humans. Nonetheless, very little is known about the duration 
of carriage, dominance in the human gut microflora and different ESBL/AmpC-PEC’s ability to survive in the 
human gut environments.
It is of great relevance to highlight that CMY-2 was detected in human infections, but it was not possible to 
calculate its prevalence in humans. Nevertheless, the positive number of samples was low (data not published). 
Considering the possible emergence of CMY-2 E. coli and its relevance for human exposure through meat, it is 
important that its prevalence is calculated in the upcoming years.
Meat might not have such a high impact for human ESBL/AmpC-PEC infections as firstly thought. However, 
this does not exclude the importance of animal production, and even meat, for ESBL/AmpC dissemination, so a 
precautionary approach should probably be taken.
In Denmark, there are limited additional options to control ESBL/AmpC occurrence through the reduction in 
use of cephalosporins in livestock. It is known that other antimicrobials can co-select ESBL/AmpC genes. There-
fore, measures to promote the reduction of antimicrobial use in general, such as the “Yellow card” scheme, may 
have some influence. However, downstream the production chain, other options can be explored. In first place, 
some studies have documented the existence of some risk factors for ESBL/AmpC growing in animals’ gut (Per-
soons et al., 2010). The impact of probiotics in the control of this type of bacteria should also be studied. Sec-
ondly, cross contamination during slaughter should be inspected and, if relevant, hygiene should be improved. 
Other option to consider is to implement decontamination after slaughter. Nonetheless, the role of other sources 
should be assessed, including other foodborne sources, pets and hospitals, so further studies are needed. ESBL/
AmpC-PB is a very complex subject and their emergence, ecology and dynamics is nowadays poorly understood. 
Furthermore, very little is known about the impact of control strategies, which hampers prioritisation of mea-
sures to prevent the emergence and dissemination of ESBL/AmpC-PB. This is a critical point that must urgently 
be further investigated. Finally, we suggest that data collection, in human, food and animal reservoirs, become 
harmonized across the EU. This would not only allow comparison of data between countries, but also facilitate 
studying risk factors and suggest optimal control strategies.

Conclusion
The genotype overlap between the two reservoirs – humans and meat from poultry, pigs and cattle – is low, 
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suggesting that meat might not have such a relevant role for ESBL/AmpC-PEC human infections in Denmark in 
2009-2011 as previously thought. Poultry meat was most relevant for human ESBL/AmpC-PEC exposure fol-
lowed by pork and beef, and Danish meat had a lower relative importance than imported meat. CTX-M-1 and 
CTX-M-14 producing E. coli were found in both humans and animals, but the occurrence of these two geno-
types in humans was not very frequent. “Pandemic” CTX-M-15 was not found in meat samples, but it should not 
be ruled out that it can occur in meat, because it has previously been detected in live animals although at a low 
prevalence. Future studies aiming to obtain a better understanding of the issue of ESBL/AmpC-PEC is required, 
unveiling the factors that lead to ESBL/AmpC emergence and explaining the interface between several sources 
and humans to clarify the increasing occurrence of human cases.
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Abstract
The primary purpose of meat inspection is to contribute to the production of safe food for human consumption. The aim 
of this study was to investigate whether the implementation of modern, predominantly visual, inspection systems for 
carcasses from fattening pigs reared outdoors since weaning, in Great Britain (GB), would alter the risk to food safety. A 
combination of sources was used to inform a formal, mostly qualitative, risk assessment, based on Codex Alimentarius 
Commission (CAC) guidelines. These sources included: a retrospective analysis of meat inspection data; a field trial of vi-
sual inspection of pigs from non-controlled housing conditions; previous work, scientific literature and publically available 
information. It was concluded that the public and animal health risks associated with endocarditis changed from negligible 
to non-negligible (i.e. very low) and the risk of microbial contamination of carcasses may be reduced.

Introduction
In order to determine whether a carcass is fit for human consumption, traditional methods of meat inspection use observa-
tion, palpation and incision with a focus on the detection of gross lesions. These methods may not be suitable for detecting 
some of today’s important food-borne microbial pathogens and they may contribute to cross-contamination of carcasses. 
Derogations from European Union (EU) regulations have enabled carcasses of fattening pigs to be inspected by visual-only 
methods, provided that certain requirements are met, and the pigs have been reared under controlled housing conditions, 
in integrated production systems, from weaning to slaughter (Anon. 2004). However, uptake of modified inspection pro-
grammes has been low with only three EU member states reporting implementation (Alban et al. 2011). One of the reasons 
for low uptake within the British pig industry is that slaughterhouses accept a mixture of indoor and outdoor reared pigs 
throughout the day; the latter are from non-controlled housing conditions and still need to be inspected by traditional 
means. In previous work by Hill et al. (2013), it was determined that the overall risk, from all hazards to public health, was 
negligible for all pigs if a visual-only inspection method was used. Despite this, there was still a concern that the imple-
mentation of such inspection systems may not be appropriate for carcasses from fattening pigs reared, since weaning, in 
outdoor management systems, due to increased variability in the epidemiology, occurrence and control of diseases on these 
units. But is this the case?

The aim of this study was to investigate whether the implementation of modern, predominantly visual, inspection systems 
for carcasses from fattening pigs reared outdoors since weaning in Great Britain (GB) would alter the risk to food safety. 
This was achieved by addressing the following four questions: firstly, does the prevalence of conditions observed at tradi-
tional meat inspection vary between fattening pigs reared from weaning to slaughter, under controlled housing conditions, 
in integrated production systems, and those reared in outdoor management systems? Secondly, does the frequency of 
conditions observed in carcasses of fattening pigs, reared from weaning to slaughter in outdoor management systems, vary 
when inspected using visual-only inspection compared to traditional methods? Thirdly, does the level of microbial contam-
ination of these carcasses vary when inspected using visual-only inspection compared to traditional methods? And, finally, 
will the risks from hazards to public health change if visual-only inspection for fattening pigs from non-controlled housing 
conditions was implemented? 

Material and Methods
To answer the first question, a year’s worth of ante-mortem and post-mortem carcass inspection plus post-mortem offal 
inspection data for fattening pigs slaughtered at the study abattoir were acquired. These were combined with information 
about the management systems from which the pigs originated i.e. indoor or outdoor systems. The frequency (prevalence) 
of each condition in each batch and the proportion of the batches affected with a condition were calculated and then 
compared (confidence intervals and Z-test).  Effects of batch size and season were investigated by comparing odds ratios 
(Mantel-Haenszel). The batches in which the conditions were found were also compared for the two finishing systems 
(mean prevalence - t-test).

To answer the second and third questions, a field study was implemented over five separate weeks of work in the study 
abattoir during the period from November 2011 until April 2012. Carcasses from fattening pigs, which were reared from 
weaning to slaughter in outdoor management systems, were inspected using both post-mortem inspection methods. The 
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number of carcasses affected by each condition was recorded at a batch level. The baseline of type, frequency and distribu-
tion of conditions detected by both post-mortem inspection methods was established and then compared (normal distri-
bution - paired t-test and Pearson’s correlation test; season effect - linear models; non-normal distribution - categorised as 
‘absence’ or ‘presence’ for each batch and McNemar test). Bonferroni corrections were used to adjust the threshold level for 
statistical significance in all relevant statistical analyses, due to the number of analyses performed in the comparisons.

Sponge swabs were used to collect samples for microbiological investigation from a subset of the above carcasses, after 
visual-only inspection and after traditional inspection, using a systematic random sampling strategy. The sampling meth-
odology followed that described in Regulation 2073/2005. Samples were not intentionally taken from the same carcass after 
both inspection methods. Samples were processed in the laboratory 24 hours after collection in the abattoir. Total aerobic 
plate count, Enterobacteriaceae count, and Salmonella spp. isolation were carried out using the following methods:

1. Total aerobic plate count - BS EN ISO 4833:2003
2. Enterobacteriaceae count - BS EN ISO 21528-2:2004 
3. Salmonella: Isolation of Salmonella - BS EN ISO 6579:2002 

Yersinia spp. isolation was carried out using the following methods:

4. British Standards Institution (2003b) - BS EN ISO 10273:2003 
5. Health Protection Agency (2011c). Detection of Yersinia species. Microbiology Services. Food, Water & Environ-

mental Microbiology Standard Method F33: Issue 1.0.

The mean of the microbial counts with their 95% confidence interval (C.I.) were calculated for both inspection methods 
and then compared. For total aerobic plate count the estimates calculated were the mean of the logs, compared by student 
t-test. For the Enterobacteriaceae count the estimates were the mean of the values. Due to a large number of zeros, this 
variable was categorised as presence/absence and compared with a chi-squared test. Samples with more than zero Entero-
bacteriaceae plate count were transformed to log10 and the means compared between the inspection methods (student 
t-test). Linear models were also applied. Other variables included in the models were inspection method, week, date and 
line position. The variables were selected to enter in the multivariable model if P<0.15. This approach was also used for the 
binary variable: presence/absence of Yersinia spp. Bonferroni corrections were used to adjust the threshold level for statisti-
cal significance in all relevant statistical analyses, due to the number of analyses performed in the comparisons. Bonferroni 
corrections were used, as above.

To address the final question - will the risks from hazards to public health change if visual-only inspection for fattening 
pigs from non-controlled housing conditions was implemented - the outcomes from the investigations outlined above were 
used with previous work, scientific literature, and publically available information to inform the mostly qualitative risk 
assessment, using a modified CAC approach (CAC 1999). Hazards were identified then characterised; the characteristics 
of each organism when ingested by humans were described. Occupational hazards were not considered. In addition, the 
general characteristics of the hazard in pigs were described. For exposure assessment, the contribution of pork meat to the 
total public health exposure to organisms that are associated with the identified hazards was explored. The risk that exists 
when outdoor pigs are inspected by traditional methods was then characterised by integration of hazard identification, 
hazard characterisation and exposure assessment to obtain a risk estimate. This was then compared to the risk that exists 
when outdoor pigs are inspected by a visual-only method. In addition to the food safety aspects (public health), animal 
health and welfare were considered.

Results
The analysis of the historic traditional inspection records included data from more than 1.2 million pigs from approxi-
mately 7,400 batches (the groups that they are submitted to the abattoir in). These pigs came from both indoor and out-
door rearing and fattening systems, with the latter accounting for approximately a quarter of the batches. Batch size and 
seasonality had no influence on the associations found.  The prevalence of conditions detected on traditional inspection of 
pigs submitted to slaughter from the two different fattening systems were similar. Statistically significant findings were as 
follows:

• a higher percentage of indoor batches were recorded as affected with ‘tail bite’, ‘lameness’, ‘oedema’, and ‘pericarditis’ 
than outdoor batches;

• a higher percentage of outdoor batches were recorded as affected with ’hair contamination’ and ‘milk spot’ than 
indoor batches;
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• the mean prevalence of ‘milk spot’ was higher, in the batches in which the condition was present, in those batches 
from outdoor systems, compared to indoor systems;

• the mean prevalence of ‘kidney pathology’, in the batches in which the condition was present, was slightly higher 
for indoor pigs than for outdoor pigs; whereas for ‘hepatitis’,’ peritonitis’, ‘pneumonia’ and ‘other pathology’, the 
reverse was the case.

In the field study, more than 11,000 carcasses of fattening pigs from non-controlled housing conditions from 62 batches 
and 12 farms were inspected. No effect of season and farm of origin were found. There were statistically significant differ-
ences in the frequencies found by the two inspection methods for six of the categories of conditions. However, the biologi-
cal differences were very small. Hair contamination of carcasses was recorded at higher frequencies with the visual method 
of inspection than with traditional inspection. The recorded frequencies were higher with the traditional method of inspec-
tion for milk spot, renal pathology, enteritis, pluck pathology and faecal contamination, than with visual only inspection.

For total aerobic plate count, Enterobacteriaceae count and Salmonella spp. isolation, 800 swabs were taken (400 after the 
traditional inspection point and 400 after the visual-only inspection point). For the Yersinia spp. isolation a slightly differ-
ent subset of carcasses was sampled. In the whole study 759 swabs were tested for Yersinia: 379 after traditional inspection 
and 380 after visual-only inspection. No Salmonella spp. were isolated from any sample in the study. In addition, no statis-
tical difference was found in the proportion of carcasses contaminated with Yersinia spp. after the two inspection methods. 
Although there was no evidence for a difference in the general bacterial contamination of carcasses after the two inspection 
methods, for the carcasses where Enterobacteriaceae were present there was some evidence that the level of contamination 
of carcasses was lower after visual-only inspection compared to traditional inspection. 

Of the five public health hazards that we identified (endocarditis [Streptococcus spp., including S. suis, & E. rhusiopathiae]; 
granulomatous lesions [Mycobacterium spp., Rhodococcus equi]; Salmonella spp., Yersinia spp., and the hygiene process 
indicators [total aerobic plate count and Enterobacteriaceae count], only two have a revised risk on a change in inspection 
method; the risk associated with endocarditis (inflammation of the internal lining of the heart), changed from negligible to 
non-negligible i.e. very low; and, it is possible that the risk of microbial contamination of carcasses with Enterobacteriaceae 
is reduced. Only two animal health hazards were identified and assessed (endocarditis and granulomatous lesions). Again, 
endocarditis has a revised risk on a change in inspection method from negligible to non-negligible i.e. very low.

Discussion
Most of the differences found in the historic data analysis were predictable from knowledge of the housing, management 
and fattening systems used and their relationship with the diseases, or circumstances from which the conditions arise.  

The field trial outcomes on observation and recording of conditions using the two different inspection methods can be 
explained by the positioning of the visual-only inspection point on the line, the truly ‘hands-off ’ nature of the visual-only 
inspection and the lack of incisions into offal with this method.

The lack of isolation of Salmonella spp. was slightly unexpected and further work is planned to determine if this was truly 
the case. The hygiene processes on the line were observed to be good and this is reflected in the outcomes from the hy-
giene process indicators. Nevertheless there was still some evidence for a reduction in the contamination of carcasses by 
changing the post-mortem inspection method to a visual-only system where handling of carcasses by official personnel was 
minimised. It is possible that a change in the inspection method from traditional to visual would lead to reduced microbial 
contamination of carcasses in any abattoir with a level of contamination as low as, or higher than, the study premises. If 
the level of contamination of carcasses is reduced by a change in inspection method, then it could be hypothesised that the 
potential for cross-contamination would also be reduced; however, we cannot draw that as a conclusion from our study.

Despite the revised risk classification for public and animal health attributable to endocarditis for visual- only inspection com-
pared to traditional inspection for outdoor pigs, the fact still remains (Hill et al., 2013) that outdoor pigs from non-controlled 
housing conditions present at least the same, if not less of a risk than indoor pigs from controlled housing conditions. 

Conclusion
The main conclusion is that the public and animal health risks associated with endocarditis would change from negligible 
to non-negligible (i.e. very low), if visual-only inspection for carcasses from fattening pigs reared outdoors since weaning 
in Great Britain (GB) (non-controlled housing conditions) was implemented, and the risk of microbial contamination of 
carcasses may be reduced. However, despite this change, these risks would be expected to be no greater than those that are 
expected if visual-only inspection were to be implemented for fattening pigs from controlled housing conditions.
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Abstract
In 2011, the USDA-Food Safety and Inspection Service (FSIS) changed the method used for screening swine tissues for 
antimicrobial residues from the Fast Antimicrobial Screen Test to the Kidney Inhibition Swab (KIS™).  Here, we describe the 
use of KIS™ test for the detection of penicillin G residues in kidney, liver, plasma, urine, and skeletal muscle of heavy sows 
following the administration of a 5x label dose of penicillin G procaine.  Such off-label use is legal in the United States under 
the Animal Medicinal Drug Use Clarification Act (AMDUCA) when label routes or doses are ineffective at treating disease 
and is commonly used to treat bacterial infections in heavy sows.  Heavy sows (n=126; 228 ± 30.1 kg) were administered 
intramuscular (IM) doses of penicillin G (33,000 U/kg bw) for 3 consecutive days using 3 different administration patterns. 
Within treatment, six sows each were slaughtered after 5, 10, 15, 20, 25, 32, or 39 withdrawal days.  The IM administration 
pattern had no discernible effect on penicillin G depletion from kidney, skeletal muscle, serum, urine or liver.  Residues were 
depleted most rapidly from liver and skeletal muscle and more slowly from kidney and urine.  While kidney residues were a 
poor predictor of penicillin G residues in skeletal muscle, kidney was the most sensitive target tissue for detecting penicillin 
G residues, with two positive results even after a 39-day withdrawal period.  The most suitable ante-mortem matrix to 
replace FSIS on-site tests using kidney was urine.  Serum, another ante-mortem matrix predicted muscle residue well albeit 
showing more positives than muscle.  These data support a 15-day withdrawal period suggested by Food Animal Residue 
Avoidance Databank for extra-label penicillin G treated heavy sows with the caveat that kidney tissues be excluded from 
human consumption.

Introduction
Penicillin G is active against a variety of Gram-positive pathogens affecting livestock production and is indicated for treatment 
of a number of bacterial diseases in a variety of animal species including erysipelas in swine (NADA 065-010).  For most food 
animals, the typical route of penicillin G administration is by IM injection at daily dose of 6,600 IU/kg with treatment not 
to exceed 4 consecutive days.  Under label conditions, approved pre-slaughter withdrawal periods are 7 days for swine with 
zero tolerance for penicillin G residues in tissues.  However, sows are commonly treated with higher doses which is allowed 
under a veterinarian’s supervision when labeled doses are ineffective.  Under AMDUCA, the veterinarian prescribing the off-
label use must recommend an appropriate pre-slaughter withdrawal period to ensure that drug residues remaining in edible 
tissues deplete to safe levels (21 CFR Part 530).

There are very few data which describe the depletion of penicillin G residues under off-label conditions.  The studies available 
indicate increased doses increase the elimination time.  Apley et al. (2009) conducted a residue depletion study in sows using 
a single 5x label dose of 33,000 IU/kg administered by intramuscular injection or with a needle free device.  Intramuscular 
injection in the “hip” produced flip-flop kinetics (KuKanich et al., 2005; Riviere 2011) in which the terminal elimination rate 
is controlled by the rate of absorption rather than by the rate of elimination.  Between-animal plasma half-lives were highly 
variable.  After an 8-day withdrawal period two of five hogs had a quantifiable residue.  From these data, they recommended 
of a 28 day withdrawal period based on a 95% confidence interval that 99% of treated animals would have no detectable 
residue in the kidney. 

The US-FSIS changed the method for screening swine tissues for antimicrobial residues from the Fast Antimicrobial Screen 
Test to the KIS™ test in September of 2011 (FSIS notice 45-11).  An increase in the detection of penicillin residues in sow 
tissues subsequent to the adoption of the new screening assay may be attributed to the survey method change.  This paper 
describes the detection of penicillin G procaine residues with the CHARM-KIS test in kidney, liver, plasma, urine, and 
skeletal muscles of heavy sows after an extra-label penicillin-G procaine administration.  Sows were treated IM with 33,000 
IU/kg bw for 3 consecutive days and were slaughtered with withdrawal periods extending to 39 days post-treatment.  

Material and Methods
Chemicals and Supplies. Penicillin G procaine (300,000 U/mL; Norocillin; Norbrook Pharmaceuticals, Lenexa, KS) injection 
solution was purchased from Ivesco, LLC (Iowa Falls, Iowa). Penicillin G procaine monohydrate reference standard was 
purchased from U. S. Pharmacopeia, Rockville, MD.  Kidney inhibition swabs, neutralization tablets, penicillin G controls, 
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and heating blocks were obtained from Charm Laboratories (Lawrence, MA).  Driploss containers were purchased from the 
Danish Meat Research Institute, Taastrup, Denmark.

Animal Housing and Treatment Assignment. A study protocol was approved by the North Dakota State University Institutional 
Animal Care and Use Committee prior to the initiation of the live-phase of the study. Heavy sows were purchased from the 
North Dakota Pig Cooperative (Larimore, ND) and delivered to the North Dakota State University Animal Research Center 
(Fargo, ND) and acclimatized for at least 14 days.  Animals were randomly assigned to one of three treatments and were each 
provided unique identification numbers by ear tag.  For treatment 1, sows received injections (10 mL on each side) in a single 
location for 3 days at the same location.  For treatment 2, sows received consecutive injections (10 mL on each side) for 3 
consecutive days at locations separated by approximately 2 inch intervals. For Treatment 3, sows received 20 mL in the one 
side with overflow injections occurring on the other side of the neck. Injections occuring on consecutive days were separated 
by approximately 2-3 inches.

Sows were slaughtered with 5, 10, 15, 20, 25, 32, or 39 day withdrawal periods relative to the last off-label dosing day.  
Positive control sows (n = 2 per withdrawal period) were treated with the label dose (6,600 U/kg bw) of penicillin G via IM 
administration for 3 consecutive days and were euthanized after a 7-day withdrawal period, consistent with the product 
label; or a 15-day withdrawal period. Negative control sows (n = 2) were dosed IM with sterile saline (1 mL per 45.5 kg) for 
3 consecutive days and were slaughtered 5 days after the last saline injection. 

On-Site Analysis of Kidneys. Kidney samples were screened for penicillin residues on the kill floor using the Charm-KIS 
microbial inhibition test according to FSIS procedures (FSIS CLG-ADD 3.01, 2011); the manufacturer’s recommended 
incubation time, without the automatic shut-off option, was followed. All samples were determined in duplicate by separate 
operators and each result scored independently by both operators.  

Sample Collection and Treatment. At collection, skeletal muscle and additional kidney were collected using a 3-cm diameter 
tissue coring device driven by a cordless drill and trimmed to approximately 3 x 3 cm.  Samples were placed into Driploss 
containers and were frozen at -80 ˚C until analysis. Samples were thawed at room temperature for 1 hr and the tissue 
juices were collected from the drip tubes after centrifuging at 1,200 x g for 10 min.  The collected tissue juices were used to 
saturate Charm-KIS swabs.  Microbial inhibition tests for tissues were then conducted as described by the FSIS (2011) for 
determination of the presence of penicillin G. Liver required the addition of an equal volume of water followed by boiling (1 
min) and centrifugation at 14,000 x g prior to swab.  Urine or serum aliquots (500 µL) were combined with a single Charm-
KIS neutralization tablet and vortexed; particulates were allowed to settle for 1 min.  Serum/urine supernatant was adsorbed 
for 10 seconds with a cotton swab, after which, the CHARM-KIS microbial inhibition assay was performed.

Assay Sensitivity Determination. Control serum, urine, skeletal muscle juice, and kidney juice were prepared as previously 
described and tissue matrix aliquots were spiked with 0, 10, 20, 30, 40, and 50 ppb of penicillin G procaine.  Liver juice was 
spiked with 0, 10, 25, 50, 75, and 100 ppb of penicillin G procaine.  Fortification of each matrix was repeated on three separate 
days.  

Results and Discussion
Typical color indication for positive, negative, and “caution” KIS results are shown in Figure 1.  Sensitivity for penicillin 
residues in kidney juice, muscle juice, urine, and serum was 20, 30, 20, and 30 ppb respectively and can be lot dependent.  
When dilution factor is accounted for, liver juice sensitivity was 100 ppb.   

Negative control sows that received normal saline and which were 
slaughtered on withdraw day 5 had negative readings for all matrices 
tested.  The positive control sows, which received the label dose and were 
slaughtered at withdrawal day 7 showed positive Charm-KIS results for 
all tissues. For withdrawal day 15, one out of two positive control animals 
tested positive using Charm-KIS in kidney and urine samples but the 
rest of matrices returned negative results.  As seen in Figure 2 there is no 
difference in the various treatments indicating the differences from the 
various injection patterns are not discernibly different.  The variability is 
probably due to the variability in absorption since penicillin G procaine 
would demonstrate flip-flop kinetics.  Apley’s (2009) estimate of a 28 day 
withdrawal period is at least reasonable and our data  suggest it may be   

Figure 1. Typical results returned from the 
Charm-KIS rapid screening assay, from left to 
right, KIS negative control, KIS positive control, 
negative, caution, and positive results from 
kidney swabs.  A caution results is considered to 
be negative by FSIS.
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Figure 2. Depletion of Penicillin G residues in kidneys (left panel) and muscle (right panel) of heavy sows as detected by the Charm-
KIS rapid screening assay. Line is a first order depletion fit of combined data from Treatments; false positive results (where there is no 
measureable residues from LC-MS/MS, data not shown) were removed from the skeletal muscle data prior to plotting.

longer before kidney levels become non-detectable as we observed positives even at day 39. Slow penicillin depletion could 
be attributed to absorption from the injection sites where residues remain and the fact that penicillin concentrated in the 
kidney where it is excreted by an active process.  From sow penicillin results reported by Korsrud et al (1998), penicillin 
concentrations in kidney were approximately 40-70 times greater than residues in corresponding muscle samples.  The 
Charm-KIS assay returned smaller numbers of muscle 
positives than in kidneys for the same animal and time 
point, in agreement with Korsrud et al’s findings.  Charm-
KIS assays of liver returned fewer positive results than the 
assays of other tissues, even at day 5 (Figure 3) possibly 
caused by the much poorer assay sensitivity with liver 
compared to other matrices. 

Applicability of using the Charm-KIS for pre-slaughter 
screening of treated animals was tested with assays of serum 
and urine.  No false-positive Charm-KIS assay results were 
returned for either matrices (LC-MSMS data not shown). 
The urine was a much better surrogate matrix for detecting 
potential violative penicillin G residues in kidney (Figure 
3) than was serum.  Serum results clearly demonstrate that 
serum is an inadequate surrogate for kidney because serum 
is more rapidly cleared of penicillin than kidney.  

Conclusion
Based on kidney results a prolonged withdrawal period is needed prior to culling sows that have been previously treated with 
high doses of penicillin G procaine.  The labeled dose can also return positive kidney penicillin tests beyond the prescribed 
withdrawal period.  Urine can serve as an ante-mortem test reflecting the levels which will be observed in the kidney.
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Abstract
A penicillin G procaine residue depletion study was conducted in heavy sows to estimate the pre-slaughter withdrawal periods 
necessary to clear penicillin from kidney and muscle. Heavy sows (n=126) were treated with penicillin G procaine at a 5x 
dose (33,000 IU/kg) for 3 consecutive days by intramuscular (IM) injection using 3 separate patterns of drug administration. 
Treatments differed by pattern and volume of penicillin G procaine administration. Sets of 6 animals per treatment were 
each slaughtered with 5, 10, 15, 20, 25, 32, and 39 day withdrawal periods; skeletal muscle and kidney were collected for 
penicillin G analysis by LC-MS/MS. Penicillin residues in skeletal muscle averaged 23.5 ± 10.5 ng/g at withdrawal day 5 for 
all treatments, but averaged 3,760 ± 1,930 ppb in kidney. By 15 days of withdrawal, skeletal muscle penicillin G residues were 
quantifiable in only one of 18 (5.5%) treated hogs (3.4 ng/g) but were easily detected in kidneys of 50% of the treated hogs, 
with kidney residues in all hogs averaging 119 ± 199 ng/g (mean includes 8 non-detects counted at ½ the limit of detection). 
Using an action limit of 25 ng/g and a ln-linear depletion model, the withdrawal period required for penicillin depletion in 
muscle was 13 days, whereas a 52-day withdrawal period was required for kidney. The FARAD recommended withdrawal 
period of 15 days for hogs treated with extra-label doses of penicillin is adequate for skeletal muscle, but is inadequate for 
kidney. Slaughter of penicillin treated hogs after a 15-day withdrawal period, with kidney discard into inedible offal would 
ensure the human food safety of skeletal muscle.

Introduction
Penicillin in its various forms has been used by the swine industry for decades; during this period penicillin’s use has 
not typically been associated with violative drug residues. Since 2011, however, detections of penicillin residues in sow 
tissues by the Food Safety and Inspection Service (FSIS) have increased substantially resulting in a number of carcass 
condemnations and the risk that swine producers may be ‘blackballed’ from packing plants. A major change in the 
regulatory framework for penicillin detection has been FSIS’s employment of the new Charm-KIS test kit in place of 
the “FAST” swab test for screening animal tissues for penicillin residues (FSIS, 2011a). Currently the US FDA has not 
established a tolerance set for allowable penicillin residues in edible tissues of pork.

Sows are typically treated with about 5 times the label penicillin G procaine dose that is used for growing swine. Producers, 
with the advice and consent of a consulting veterinarian, can legally use this dose in an “off-label” manner provided a proper 
pre-slaughter withdrawal time is selected. Unfortunately, few data exist which describe the depletion of penicillin residues from 
sow tissues under such use conditions. Apley et al. (2009) conducted a residue depletion trial in which heavy sows were dosed 
with a single 5x penicillin G procaine dose, but pre-slaughter withdrawal periods selected (2, 4, 6, and 8 days) were too short to 
properly model penicillin G residue depletion. For example rates of penicillin detection after an 8-d withdrawal period were 60, 
80, and 100% in kidney, muscle, and injection sites, respectively; in the same tissues, frequencies of quantifiable residues were 
40, 40, and 100% respectively. Because penicillin G procaine depletion rates are poorly defined, a residue depletion study was 
conducted to provide withdrawal period estimates for sows treated with extra-label doses of penicillin G procaine.

Material and Methods
The North Dakota State University (NDSU) Animal Care and Use Committee approved a detailed protocol prior to the 
initiation of the study. Heavy sows (n = 160) were purchased from the North Dakota Pig Cooperative (Larimore, ND) and 
were group housed in concrete-floored pens with straw bedding. Animals were group fed a corn-soybean ration daily; pens 
were cleaned daily and water was available on an ad libitum basis. Animals that were lame, which had visible abscesses or 
other visible anomalies were not included in the study. Within the pool of healthy animals, sows were randomly allocated to 
pen and treatment (injection pattern) so that each pen contained 21 sows. Within treatment, sows were randomly allocated 
to a post treatment withdrawal slaughter day. Treatments, which differed in the injection volume and pattern, are not defined 
here because there was insufficient evidence to infer that treatment had a discernible effect on residue depletion.

Sows (n = 126) were weighed and penicillin G procaine (Norocillin; Norbrook Laboratories, Lenexa, KS; 33,000 U/kg BW) 
was administered via intramuscular injection through 3.8 cm, 16-gauge needles for three consecutive days. Sows were killed 
after 5, 10, 15, 20, 25, 32, or 39 day withdrawal periods relative to the last dosing day. Kidney and skeletal muscle (mid portion 
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of the longissimus dorsi) were collected. Samples were placed on dry-ice and subsequently stored at -80 ˚C until analysis.

Tissues were processed by homogenization on dry ice to prevent thaw and degradation of penicillin residues.  Kidney and 
muscle samples were extracted using the FSIS method CLG-BLAC.02 with some modifications (FSIS, 2011b).  Blank (negative 
control) and fortified samples (spiked with 25 ng/g penicillin G procaine) were extracted with each sample set in duplicate.  
Trial samples were extracted in duplicate by withdrawal day.  Before analysis, a deuterated internal standard (Penicillin G-d7; 
Sigma Aldrich, St Louis, MO) was added to each sample extract at an end concentration of 100 ng/mL. Blank sample extracts 
were utilized to prepare matrix matched standard curves containing 2 to 500 ng/mL of penicillin G.  A fresh standard 
curve was made for each sample set and samples and curves were analyzed within 24 hours of preparation.  Apley et al’s. 
(2009) analytical method was modified slightly for penicillin analysis using a Waters (Milford, MA) Ultra High Performance 
Liquid Chromatograph coupled to a tandem quadrupole mass spectrometer. The detection method was modified to monitor 
additional fragment ions for Penicillin G to improve confirmation and quantification of residues. Reported data are not 
corrected for recovery (US FDA CVM, 2006). 

Estimations of withdrawal period were completed for kidney and skeletal muscle tissues using FDA and CVMP guidelines 
(FDA, 2006; CVMP, 1995) with the following criteria.

•	 For a given time point to be included in the analysis, at least three animals had to have returned residues above the 
method limit of quantification (US FDA CVM, 2006)

•	 Nominal values that were below the limit of quantification, but above the limit of detection, were used if there were 
at least three points at the withdrawal period above the limit of quantification

•	 Values falling below the limit of detection were included at ½ the method limit of detection and were included in 
withdrawal period calculations (CVMP, 1995)

For kidney calculations, data obtained from withdrawal days 10, 15, 20, and 25 were used in the analysis. Data from day 32 
were not employed even though there were 3 animals with penicillin residues above the LOQ because the 32 day data did not 
continue the linear trend with respect to days 20 and 25.  For skeletal muscle, only one animal out of 18 had residues above 
the LOQ at the 15-d withdrawal period; 3 animals had residues above the LOD, but below the LOQ. Because a minimum of 3 
days of data are required to determine the terminal, linear elimination period, the 15-d withdrawal period data were used for 
estimation of a withdrawal period, even though these data did not strictly comply with FDA guidelines. Excel 7.0 was used 
in conjunction with the tables of Owen (1962) to calculate the critical values or the non-central t-distribution used in FDA 
calculations. Withdrawal periods were estimated using the FSIS action level for penicillin G of 25 ppb (FSIS, 2013).

Results
Injection pattern had no discernible effect on residue depletion, so data were pooled across treatment. The depletion of 
ln-transformed penicillin G residues from kidneys of heavy sows are presented in Figure 1 as geometric means. Penicillin 
residues were measured in kidneys of all animals 5 days after the final treatment, but by 10 days 6 of 18 animals had residues 
below the assay LOD (1.8 ng/g). By 20 days of withdrawal, 
5 of 18 animals had residues above the assay LOQ (6.1 
ng/g) with 3 of these animals having kidney residues 
above 100 ng/g and one animal with penicillin residues 
greater than 300 ng/g. Penicillin residues (22.7 and 17.0 
ng/g) were present in kidneys of two hogs after a 39-d 
withdrawal period. The estimated withdrawal period to 
ensure penicillin G depletion to a 25 ng/g action level in 
99% of animals with 95% confidence was 52 days.

In contrast to kidney tissues, Penicillin G residues 
depleted quickly from skeletal muscle (Figure 2). Residues 
in skeletal muscle at 5 days of withdrawal averaged only 
23.5 ± 10.5 ng/g and depleted rapidly thereafter. By the 
15th day of withdrawal, only 1 sow had skeletal muscle 
residues greater than the assay LOQ (2.4 ng/g) with 4 
other sows having residues greater than the method LOD 
(0.7 ng/g). Thus, the estimated withdrawal period for 
skeletal muscle was calculated to be 13 days (Figure 2).

Figure 1. Penicillin G depletion from kidney of heavy sows. Geometric means 
of ln-transformed residues are shown. Hatched lines are the action level of 25 
ng/g, the calculated statistical tolerance limit, and corresponding time (d) to for 
penicillin levels in 99% of animals to fall to the action level with 95% confidence.
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Discussion
A withdrawal period was estimated for kidney tissues 
using the log-linear approach promulgated by the 
US-FDA CVM (2006) with modifications suggested 
by the CVMP (1995). In making a withdrawal period 
estimation, the essential assumptions of equal variance 
and normal distributions (Shapiro-Wilk) of data were 
violated (P < 0.001), thus the estimated withdrawal 
period presented here was admittedly calculated 
with data that did not conform to statistical ideals. 
As discussed by Concordet and Toutain (1997a) and 
documented by Sanquer et al. (2006) these assumptions 
are, at best, difficult, and are sometimes impossible to 
meet. Non parametric approaches to withdrawal period 
calculations proffered by Sanquer et al (2006) and 
Concordet and Toutain (1997b) were not attempted on 
this data set.

While the time required for kidney residues to deplete 
to FSIS action levels (52 d) far exceeded the FARAD 
estimated withdrawal time of 15 days for extra-label 
penicillin use, 15 d was more than sufficient for 
penicillin residues to deplete from skeletal muscle. 

Conclusion
The use of penicillin G procaine as an economical and effective therapeutic drug for use in heavy sows will likely require 
the guarantee that kidneys from treated animals be included as offal not fit for human consumption. 
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Abstract
Toll-like receptor 4 (TLR4) is a key factor in the innate immune recognition of lipopolysaccharide (LPS) from Gram-negative 
bacteria. Previous studies from our group identified differences in the expression profile of TLR4 and genes affected by the 
TLR4 signaling pathway among pigs that shed varying levels of Salmonella, a Gram-negative bacterium. Therefore, genetic 
variation in this gene may be involved with the host’s immune response to bacterial infections. The current study screened 
for single nucleotide polymorphisms (SNPs) in the TLR4 gene and tested their association with Salmonella fecal shedding. 
Pigs (n=117) were intranasally challenged at 7 weeks of age with 1 x 109 CFU of S. Typhimurium c4232 and were classified 
as low or persistent Salmonella shedders based on the levels of Salmonella being excreted in fecal material. Salmonella fecal 
shedding was determined by quantitative bacteriology on days 2, 7, 14, and 20/21 post exposure, and the cumulative levels 
of Salmonella were calculated to identify the low (n=20) and persistent (n=20) Salmonella shedder pigs. From those 40 
animals, the TLR4 region was sequenced, and 18 single nucleotide polymorphisms (SNPs) in TLR4 were identified. Twelve 
SNPs have been previously described and six are novel SNPs of which five are in the 5’ untranslated region and one is in 
intron 2. Single marker association test identified 13 SNPs associated with the qualitative trait of Salmonella fecal shedding, 
and seven of those SNPs were also associated with a quantitative measurement of fecal shedding (P < 0.05). Using a stepwise 
regression process, a haplotype composed of SNPs rs80787918 and rs80907449 (P ≤ 4.0 x 10-3) spanning a region of 4.9Kb 
was identified, thereby providing additional information of the influence of those SNPs on Salmonella fecal shedding in pigs.

Keywords: TLR4, single nucleotide polymorphisms (SNPs), Salmonella, swine 

Introduction
Salmonella is a widespread foodborne pathogen with the ability to adapt to different environments. Swine (Sus scrofa) are 
an important reservoir of Salmonella because colonization and shedding of this bacterium, imposing elevated risks to public 
and animal health. Thus, diverse intervention strategies are needed to control the transmission of Salmonella from pork to 
humans and to the environment.

In bacterial infections, the severity of infection is impacted by the pathogenicity of the microorganism and its interaction 
with the host immune defense system (Zanella et al., 2011). Toll-like receptor 4 (TLR4) is a well-characterized gram-negative 
bacterial lipopolysaccharide (LPS) recognition receptor and a host inflammatory response activator well conserved among 
animal species (Noreen et al., 2012, Yang et al. 2012). Schröder and Schumann (2005) suggested that mutations in the 
TLR4 regions involved with pathogen recognition and transduction signaling may affect host susceptibility to infection. 
Polymorphisms in the TLR4 gene have been associated with different infectious diseases in humans, cattle, chicken and pigs 
(Noreen et al., 2012, Kataria et al. 2011, Leveque et al. 2003, Yang et al., 2012).

In swine, TLR4 is located on Sus scrofa 1 (SSC1) V10.2 (289,776,058 bp to 289,785,087 bp). Thomas et al. (2006) identified 
the genomic structure of porcine TLR4, and Shinkai et al. (2006) described the distribution of SNPs for five TLRs in pigs. 
Specifically for TLR4, 13 SNPs were widely distributed in 11 pig breeds, and of those, seven were non-synonymous. Thirty 
four SNPs were identified in TLR4 using pigs representing European commercial breeds and some traditional breeds (n=259), 
and of these, 17 SNPs were located in the non-coding region and 17 SNPS were found in the coding region (Palermo et 
al., 2009). Furthermore, polymorphisms in the TLR4 gene have been identified as potential genetic markers for disease 
susceptibility in pigs (Uenishi & Shinkay, 2009). Our group had reported up-regulation of TLR4 and its target genes in pigs 
challenged with Salmonella enterica serovar Typhimurium (Huang et al., 2011). Therefore, to determine if TLR4 is a possible 
candidate gene associated with Salmonella shedding, we first sequenced the TLR4 gene for SNPs identification and tested 
their associations with Salmonella shedding status.

Material and Methods
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Briefly, 117 pigs were intranasally challenged at 7 weeks of age with 1 x 109 CFU of S. Typhimurium c4232 as previously described 
(Huang et al., 2011, Uthe et al., 2009). At days 2, 7, 14 and 20/21 post-inoculation (pi), Salmonella fecal shedding was quantified 
using a standard bacteriological test previously described (Uthe et al., 2009). Forty pigs were chosen based on their fecal culture 
status; quantitative classification of the phenotype was scored based on cumulative Salmonella fecal shedding. Genomic DNA 
was extracted from blood samples and purified as previously described (Uthe et al., 2009). Nine sets of primers were designed 
to cover all exons (n=3) of TLR4 (SSC1: 289,775,345bp - 289,786,312bp V. 10.2). PCR products were sequenced and and 
polymorphisms were identified using Phred/Phrap/Consed/PolyPhred software. A single and multiple marker association tests 
were conducted within PLINK (V1.07) and R statistical programs (Purcell et al., 2007). 

Results
For the quantitative measurement of Salmonella shedding 
cumulative measurements were taken within days 2, 7, 14 and 
20/21 pi (Figure 1). Sequencing analysis of those forty (n=40) 
animals identified 18 SNPs; twelve were previously described 
in the literature and/or annotated in GenBank and six are novel 
SNPs (Table 1).

Of the 18 SNPs, thirteen (n=13) SNPs were associated (P ≤ 0.05) 
with Salmonella shedding as a qualitative phenotype using a 
Chi-squared test; of those 13 SNPs, seven were also associated 
with Salmonella shedding as a quantitative phenotype using a 
Wald Statistical test (Table 1).

Table 1. Identified SNPs and position in the TLR4 gene  
of Salmonella low and persistent shedder pigs.

SNP Location in Sus 
Scrofa genome (bp)

GenBank accession 
number 

Single Marker Association 
(P-value)

qualitative quantitative

SNP1# SSC1:289,774,983 No 0.033 0.064

SNP2# SSC1:289,775,046 No 0.033 0.064

SNP3# SSC1:289,775,081 No 0.033 0.064

SNP4# SSC1:289,775,543 No 0.133 0.244

SNP5 SSC1:289,775,665 rs80830544 0.363 0.550

SNP6# SSC1:289,775,979 No 0.025 0.056

SNP7 SSC1:289,780,226 rs80881287 0.004 0.029

SNP8** SSC1:289,780,292 rs80787918 0.002 0.013

SNP9# SSC1:289,782,761 No 0.001 0.025

SNP10 SSC1:289,782,834 rs80923358 0.003 0.037

SNP11 SSC1:289,782,933 rs80951861 0.003 0.037

SNP12* SSC1:289,783,127 rs80811682 0.007 0.054

SNP13* SSC1:289,783,342 (Shinkai et al., 2006) 0.285 0.514

SNP14 SSC1:289,783,476 rs80981701 0.064 0.105

SNP15* SSC1:289,783,478 rs80955017 0.034 0.046

SNP16* SSC1:289,783,543 rs80894552 0.176 0.231

SNP17 SSC1:289,784,913 rs80834103 0.025 0.056

SNP18** SSC1:289,785,250 rs80907449 0.002 0.011
*non-synonymous SNPs; **haplotype components; # novel SNPs 

Figure 1: Area under the log curve illustrating the log 
of cumulative colony forming units (CFU). Quantitative 
bacteriology of Salmonella shedding in swine fecal samples 
was performed at day 2, 7, 14 and 20/21 days post-challenge 
with S. Typhimurium, and CFU were determined. 
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Using a haplotype construction and the backward-
elimination process, the most significant haplotype for 
both measurements of Salmonella shedding, qualitative (P 
≤ 7.9 x 10-4) and quantitative (P ≤ 4.0 x 10-3) comprised a 
region of 4.9Kb composed of SNPS, rs80787918 (SNP8) and 
rs80907449 (SNP18) (r2=0.902) located at SSC1:289,780,292 
bp and SSC1:289,785,250 bp, respectively (Table 2).

Discussion
Four SNPs, SNP12, SNP13, SNP15 and SNP16, located on 
exon three of TLR4 gene are non-synonymous mutations 
and they are positioned between SNP8 and SNP18. When 
the additive effects of those markers were tested within the haplotype constructed with markers SNP8 and SNP18, it was not 
observed any improvement in the association test. The significance of those results was possibly penalized by the addition of 
markers into the association test, due to the limited number of samples.

The haplotype CC of SNP8 and SNP18 was identified in higher frequency in persistent shedding pigs (67.5%) compared 
to low shedding pigs (30%); furthermore, the frequency of haplotype TT in low shedding pigs (65%) was greater when 
compared to persistent shedding pigs (32.5%). No animals from the persistent shedding group were identified with the 
haplotype TC or CT, while it was observed in low frequency in the low shedding group (2.5%). Together, these results suggest 
that the region located between SNP8 and SNP18, more specifically on exon 3, is possibly harboring the causative mutation 
for Salmonella colonization and shedding variation in swine.

Conclusion
The results from this study support the concept that TLR4 is an important modulator associated with the porcine response 
to Salmonella infection in swine. 
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Abstract
Meat inspection of finisher pigs is gradually moving from traditional inspection involving palpation and incision to a more 
visual inspection. However, what do we miss if we no longer palpate and incise? This is addressed in this paper which focuses 
specifically on palpation of the lungs and the liver. A risk assessment following international guidelines was undertaken. The 
assessment shows that omission of these routine palpations on finisher pigs from controlled housing (i.e. herds with high 
biosecurity) will have no significant impact on food safety. The reasoning for reaching these conclusions is presented in the 
following.

Introduction
The main aim of meat inspection is to ensure safe and savoury meat. However, much has changed since the birth of modern 
meat inspection 100 years ago. Today, Campylobacter, Salmonella and Yersinia fill up the human statistics for zoonotic 
infections. And it is well-known that meat inspection in itself can do only little to mitigate the risk associated with such 
agents, because they do no result in macroscopic lesions in affected carcasses or plucks. 

In fact, palpation and incision result in cross-contamination of the carcasses. In line, it has been suggested to omit unnecessary 
palpation and incisions to limit the cross-contamination with Salmonella. 

However, what would we risk if we stopped the routine palpations and incisions? Two earlier risk assessments - following 
international guidelines - concluded that omitting routine palpation of the mandibular and mesenterial lymph nodes and 
discontinue the routine opening of the hearts did not carry any increase in the food safety risks (Alban et al., 2008; Alban et 
al., 2010). 

Next, we have looked at the impact of omitting palpation of the lungs, the liver and their lymph nodes. 

We looked at food safety as well as the impact on animal health (including the ability to identify notifiable diseases) and 
welfare of the pigs. Only the food safety results are described in this paper. For the other aspects, the reader is kindly referred 
to the full risk assessment which can be found on the following link: http://www.lf.dk/~/media/lf/Aktuelt/Publikationer/Svinekod/
Risk%20assessment_lungs%20liver%202013%2002%2028.ashx

Material and Methods
The work followed OIE guidelines for risk assessment. This implies that the following five steps were undertaken: Hazard 
identification, release assessment, exposure assessment, and consequence assessment. Finally, risk estimation was made 
based on an integration of the four previous steps.

Data consisted of a comparison study involving 3,000 plucks, own collection of slaughterhouse samples (N=104) sent for 
microbiological investigation, slaughterhouse statistics, literature and expert opinion. 

Results
Hazard identification: embolic pneumonia and liver abscesses were identified as the two most important lesions that might 
escape detection if routine palpation is omitted. This was based on a literature review and discussions with experts in the 
field.

Release assessment: Two studies were conducted to assess the proportion of plucks with embolic pneumonia that might 
escape detection, if visual inspection is applied instead of traditional inspection. The first was a comparison study including 
3,000 plucks (Table 1). The second consisted of an evaluation of 104 plucks with embolic pneumonia collected during meat 
inspection (Table 2).  The comparison study showed that one out of three cases found in traditional inspection was missed by 
visual inspection (Table 1). Likewise, the evaluation study showed that around one out of five cases would be missed if visual 
inspection was used compared to traditional inspection. 
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Based on these data as well 
as slaughterhouse data, it was 
estimated that between 1,080 and 
1,800 cases might be missed in a 
year, if visual only was applied. 
This figure is probably a worst 
case scenario because the visual 
inspection that formed part of 
the present risk assessment was 
conducted under suboptimal 
conditions: the chain was not set up 
to allow an easy visual inspection 
prior to the traditional inspection. 

Exposure assessment: The 
distribution of the agents found in 
the lungs with embolic pneumonia 
is shown in Table 3. It is noted 
that Staph. aureus and E. coli were 
found predominantly. Only two 
livers were found with abscesses. These were large and easy recognizable. Here, Staph. aureus were found.

The human exposure risk related to the hazards identified in embolic pneumonia was assessed as negligible since lungs are 
not considered edible tissue in Denmark. The human exposure risk related to meat from pigs with embolic pneumonia that 
escaped detection seems low, because the bacteria are normally not present in the muscle tissue – and if present it will be in 
low numbers. 

Moreover, the low numbers of abscesses 
present in the carcass associated with pyaemia 
are most likely found during cutting. It was 
also shown that although presence of pyemia 
is a risk factor for abscesses in the carcass 
(RR=4.4, P<0.001) it was less than 1% of the 
abscesses that were found in pigs with embolic 
pneumonia (Table 4).

Livers for human consumption are handled 
individually which will make it easy to identify 
abscesses. Therefore, the exposure risk was 
assessed as low.

The exposure risk for pets was assessed to 
be negligible, because lungs destined for pet 
food are heat-treated. Exposure will only take 
place in case raw lungs are fed directly to pets, 
which is thought to occur only infrequently. 
Likewise, for fur animals, the exposure is very 
low because most animal by-products are 
heat-treated prior to being fed to fur animals in Denmark.  

Consequence assessment: None of the agents involved in the development of embolic pneumonia or liver abscesses in 
pigs had a significant foodborne zoonotic potential. This is supported by the fact that these hazards do not show up in the 
human statistics, where Salmonella, Yersinia, Toxoplasma and Trichinella have been identified by the European Food Safety 
Authority as the pig/pork-relevant hazards (EFSA, 2011). 

Risk estimation: The prevalence of embolic pneumonia is low; however, because of the substantial size of the Danish pig 
production a non-negligible number of cases might be overlooked if visual inspection replaces traditional inspection. The 
food safety impact of this is very low, because lungs are not considered edible tissue and because the agents involved in 

Table 1. Association between visual and traditional inspection of plucks for embolic 
pneumonia, Denmark (N=3000 finisher pigs)
Number of plucks found with lesions Assessment of association

Visual inspection

Traditional inspection Sum Visual/              Kappa   P-value
Traditional*+ -

+ 2 7 9      3.0                   0.33      0.0339
- 1 2990 2991

Sum 3 2997 3000
*: Prevalence of cases found at visual versus traditional inspection

Table 2. Summary statistics on the ability to detect by visual inspection the 104 plucks 
with lesions indicative of embolic pneumonia, found during meat inspection of finisher 
pigs from controlled housing herds, October-November 2012, Denmark

Lesion visually detectable?
Yes Maybe No
65 (62.5%) 19 (18.3%) 20 (19.2%)

Table 3. Distribution(*) of agents found in 104 lungs with embolic pneumonia 
and 98 associated lymph nodes. The lungs and lymph nodes were found during 
meat inspection of finisher pigs from controlled housing herds, October-
November 2012, Denmark

Agents/growth Lung samples Lymph node samples
Number Percentage Number Percentage

Staphylococcus aureus 82 78.8 69 70.4
Escherichia coli 61 58.7 40 40.8
Proteus spp. 6 5.8 1 1.0
Pasteurella multocida 4 3.8 4 4.1
Bacillus cereus 20 19.2 11 11.2
Pseudomonas spp 6 5.8 7 7.1
Growth 96 92.3 79 80.6
No Growth 8 7.7 19 19.4 
Total 104 - 98 -

*: More than one agent could be found in a sample. Therefore, the percentages do not add to 100.
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these lesions have a limited foodborne impact. 

The prevalence of liver abscesses is very low. The 
agent involved has a limited food-borne impact, 
and cases will be identified during the unique 
handling of the organ if destined for human 
consumption. 

Discussion
Visual inspection does not necessarily result in 
a lower number of plucks being suspected of 
embolic pneumonia. This was also seen of other 
lesions in the pluck (results not shown here but in the risk assessment report. Registration intensity merely depends upon 
what we want the meat inspectors to record.

Consumers might expect the abattoir to do whatever is possible to detect pigs with pyaemia from an aesthetic point of 
view. Therefore, in case of doubt plucks should be palpated – or sent to the rework area for extended examination. 

Conclusion
The assessment showed that routine palpation of the liver and lungs is an unnecessary part of meat inspection in finisher 
pigs, if there are no visual indications of infection or other data pointing to disease.  

Epilogue
The EU Commission has recently (May 2013) amended the EU Meat inspection regulation 854(2004). The changes - which 
will come into force in June 2014 - open up for visual inspection as the standard for inspection of pigs unless ante mortem, 
post mortem, any other finding on the individual or food chain information or geographical data indicate otherwise. 

The next step is to investigate how the results of this risk assessment might be used in practice by the abattoirs in the 
modernisation process of meat inspection. Here, simultaneous inspection by one inspector of plucks hanging over the 
intestines might be of interest – if judged feasible. Communication with important trade partners prior to implementation 
of such changes is required to ensure recognition of equivalence.

Continued discussion about meat inspection is needed to ensure the most food safety for the resources spent. Next work will 
focus on an evaluation of the decision code “accepted for deboning” – does this code result in value for money?
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Table 4. Association between pyaemia and abscesses found in finisher pigs 
from Danish Crown Horsens, October-December 2012

Pyaemia

Abscesses* Sum Assessment of 
association+ -

+ 97 620 717 Relative Risk = 4.4
- 37.195 1.172.660 1.209.855 P<0.0001
Sum 37.292 1.173.280 1.210.572 Pos. pred. value= 0.14

* : Defined as abscess on the carcass including legs and toes except the head 
and abdomen 
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Abstract
Today in Denmark, residue surveillance is conducted at random. However, if the surveillance is targeted to high-risk finisher 
pig herds, then the number of samples can be reduced whereby resources can be saved without jeopardizing public health. 
An analysis of Danish data covering 2.5 years has shown that finisher pig herds with a very high prevalence of chronic 
pleuritis have a higher risk of residue findings in the surveillance programme. If this is incorporated into the own control, 
then cost savings of 25% can be obtained. However, as shown in the Danish data there are other reasons for the presence of 
residues such as miscommunication and insufficient marking of treated animals. Such cases should be prevented through 
information campaigns addressed to the farmers and their advisors.

Introduction
Around 20,000 samples are analysed each year for presence of antibacterial residues in Danish slaughter pigs, and between 
zero and five samples are positive above the maximum residue level (MRL). The intention was to develop a risk-based 
surveillance programme involving fewer samples while ensuring equal safety. Therefore, risk factors were searched for. 

Material and Methods
Data were obtained from the Danish slaughterhouse database covering the period from July 2010 to December 2012. Residues 
were suspected in 17 cases. In nine of these, the farmer called in to prevent the pigs from being slaughtered. Hence, eight 
cases were found through the surveillance programme, and two of these were above MRL (Table 1). 

For these eight cases, the number of pigs slaughtered and the number in which each of the following lesions were found were 
included in a statistical analysis: chronic pleuritis, tail bite, chronic pericarditis, chronic pneumonia, chronic peritonitis, 
osteomyelitis, abscess in hindquarters, abscess in leg/toe and abscess in forequarters. Next, data from all herds delivering pigs 
for slaughter to the same abattoir were included covering a 3-month period prior to the residue finding. 

The prevalence (calculated as y/n) of chronic pleuritis in each of the eight case herds was compared with the prevalence in all 
the herds that delivered pigs to the same slaughterhouse in the same period. This was done by use of logistic regression model 
where the response was y/n and the explanatory variable was whether the finding was part of the surveillance programme or 
not. Overdispersion was taken into account by use of the P-scale option in PROC GENMOD in the software SAS® Version 
9.2 (SAS Institute Inc., Cary, NC, USA). 

Results
Among the nine lesions investigated, only chronic pleuritis was associated with presence of residues (Table 2). The subsequent 
detailed analysis revealed that the prevalence of chronic pleuritis was 1.7 times higher in the eight case herds compared to all 
other herds (Table 3). In two cases, the prevalence was significant higher (p≤0.05), and in one case substantially higher, but 
only borderline significant (p=0.1). In the remaining cases, the prevalence did not differ from the other herds delivering pigs 
to the abattoir (Table 3). It is noted in Table 3 that the average of chronic pleuritis measured over 3 months varied between 
the abattoirs and over the year; minimum 16.3% and maximum 25.3%. In a quarter of the herds (24.7%) the prevalence of 
chronic pleuritis was above 40% - corresponding to two times the rounded average of chronic pleuritis. 

Table 1. List of 17 finisher pig herds included in a study of antimicrobial residues, July 2010 to December 2012, Denmark, 
sorted by identification number 

Case 
No.

Found* in 
surveillance Finding Explanation for mistake

1 Yes Doxycyclin above MRL Inadequate use of water-medication mixer
2 Yes Penicillin G below MRL Inadequate marking of treated animal 

3 Yes Oxytetracyclin below 
MRL

Pig with residue was poorly growing and this might have caused a 
slower elimination of the drug from the body

4 Yes Penicilliin G above MRL Inadequate marking of treated pigs
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5 Yes Not found in 
confirmatory test

Information unavailable

6 Yes Penicillin G below MRL Interview with farmer did not reveal reason for finding
7 Yes Tylathromycin Information unavailable
8 No Penicillin G below MRL Interview with farmer did not reveal reason for finding
9 No n.a. Lack of internal communication - Farmer called slaughterhouse in 

time and treated pigs were driven back 
10 No Penicillin and dihydro-

streptomycin Suspected
Lack of internal communication and inadequate marking of treated 
pigs - Farmer called slaughterhouse too late

11 No n.a. Farmer called slaughterhouse in time and treated pigs were driven back
12 No n.a. Farmer called driver in time to avoid deliverance of treated pigs. 

Problem arose because of lack of communication in combination 
with defect medication mixer

13 No Lincomycin, Ethacylin, 
Denagard suspected

Farmer called slaughterhouse too late

14 No Pigs tested negative for 
the drugs of interest

Farmer called slaughterhouse too late. All 170 pigs tested 

15 No n.a. Farmer called slaughterhouse in time and treated pigs were driven back 
16 No n.a. Farmer called slaughterhouse in time and pigs killed before slaughter
17 No Two pigs known to be 

treated with injectable 
antibiotics

Inexperienced driver took wrong pigs to slaughter. Farmer called 
slaughterhouse when aware of problem, but it was too late

*: Consisting of both official samples and own check samples. 

n.a.: Not applicable
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Table 2. Average prevalence of nine selected lesions in each of the eight pig herds where residues of antimicrobials 
were found through the Danish residue surveillance, July 2010 - August 2012

Code/Lesion

Prevalencea of lesions in eight herds Averageb 
of 

companyH1 H2 H3 H4 H5 H6 H7 H8

Chronic pleuritis 22.86 48.10 8.05 21.68 69.16 32.49 47.34 52.33 18.76

Tail bite 0.14 0 0.13 0 0.93 0.08 0 0.39 0.17
Chronic pericarditis 0.22 0 3.05 4.21 13.08 0 0.18 0 2.01
Chronic pneumonia 0.72 0.77 0.50 0.97 0.93 0.37 0 0 0.53
Chronic peritonitis 0.86 0.19 0.79 0 1.87 0.37 0.12 2.52 0.78
Osteomyelitis 0.22 0 0.26 0.32 0.93 0.29 0.18 0.39 0.31
Abscess hindquarters 0.50 0.26 1.19 0.65 2.80 1.80 0.67 1.55 0.98
Abscess leg/toe 0.79 0.26 1.29 3.56 0 0.82 0.79 1.79 1.07
Abscess forequarters 0.14 0.13 0.50 0.97 0 0.33 1.03 0.39 0.48

a: Figures in bold indicate a prevalence higher than the slaughterhouse company average. 

b: Based on data from the last quarter of 2012 for the entire slaughterhouse company. 

Table 3. Comparison of prevalence of chronic pleuritis in each of eight case herds with the average prevalence in the 
abattoir during a 3-month period prior to the finding of residues

Case  No.
Prevalence of chronic pleuritis in finisher pigs Prevalence 

ratioc
P-value 

(log. regr.)# of herds Average of abattoirb (%) 90% C.I.a (%) Case herd y/n (%)
1 2274 23.9 2.0-59.5 318 / 1391  (22.9) 0.96 0.87
2 2128 20.5 1.4-53.3 745 / 1549  (48.1) 2.35 0.04
3 1297 25.3 3.1-62.5 243 / 3020  (8.1) 0.32 0.39
4 1356 24.2 3.4-67.3 67 / 309  (21.7) 0.90 0.94
5 1354 23.7 3.7-66.3 74 / 107  (69.2) 2.92 0.38
6 2250 21.1 1.4-54.0 794 / 2444  (32.5) 1.54 0.33
7 2167 22.6 1.6-55.3 782 / 1652  (47.3) 2.09 0.05
8 1042 16.3 2.2-61.9 270 / 516  (52.3) 3.21 0.10
All herdsd 13868 22.3 2.0-60.0 (37.6) 1.69 n.a.

a: 90% percentile interval of the observed prevalence in the herds. 

b: Average prevalence of chronic pleuritis on the abattoir for that specific time period. 

c: ratio between the prevalence of chronic pleuritis in the case herd versus all other herds that delivered pigs to the same 
abattoir in the same period. 

d: one herd could contribute with more deliverances of pigs, because for each case herd all herds that delivered to the same 
abattoir in the same period were included. 
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Discussion
The results of this study indicate that chronic pleuritis might be a risk factor for use in surveillance. This is confirmed by 
Dutch data, which show a three times higher risk for such herds. In the Netherlands, risk-based surveillance for antimicrobial 
residues has been implemented in the pig abattoirs (Jelsma et al., 2006).

However, if a high prevalence of chronic pleuritis in a herd is used as the sole criterion for inclusion into the programme, only 
one fourth of the population will be covered in the surveillance. And this might result in some farmers losing the incentive 
to comply with the withdrawal period. Moreover, because there are other reasons for finding residues than a high prevalence 
of chronic pleuritis – as noted in Table 1 – it would make sense to include samples taken at random as well. Moreover, herds 
with prior history of non-compliance with withdrawal periods should also be included in the programme. For the group 
consisting of risk-based samples, a 50% reduction can be introduced because sampling is taking place in a compartment with 
a risk that is at least two times higher than in the remaining group. This implies that 25% of the costs related to taking samples 
can be saved without jeopardizing public health, because it will lead to more or less the same number of positive samples as 
in the current programme. 

It is important to evaluate the results of the programme separately for the different subgroups - random and risk-based - in 
order not to discourage slaughterhouse companies or governments from introducing risk-based programmes which will 
result in a higher number of positive samples due to the fact that sampling is taking place in herds with a higher risk.  

Other risk factors - reported in the cases where the farmers called in or where follow-up visits were conducted after findings 
in the surveillance programme - were inadequate marking of treated animals, lack of communication, and incorrect use of 
medication dispensers. And these latter reasons cannot be used as risk factors for a monitoring or surveillance programme. 
Instead, these are dealt with through information campaigns.

Conclusion
The prevalence of antibacterial residues in Danish finisher pigs is negligible; only eight cases were found over a 2.5-year time 
period, and among these only two were above the MRL. This makes it of interest to extend the use of risk-based principles in 
the surveillance programme. Resources could be spent more effectively, if sampling takes place in high-risk sub-populations, 
because such pigs have a higher probability of harbouring residues of antimicrobial origin. Hence, the number of positives 
might remain unchanged or increase – reflecting an equivalent level of safety – even when the sample size is reduced. 

Our study shows that in two of the eight cases, the prevalence of chronic pleuritis was significantly higher (p≤0.05) compared 
to all the other herds that delivered pigs to the same abattoir in the same time period, and in one herd it was borderline 
significant (p=0.1). Hence, pigs from herds with a high prevalence of chronic pleuritis might be associated with a higher risk 
of residues compared to pigs from other herds. 

Information campaigns targeted pig farmers should be aimed for to prevent presence of residues in meat at time of slaughter.   
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Abstract
In 2010, the “yellow card scheme” adopted by the Danish Veterinary and Food Administration imposed restrictions on 
pig farmers who used more antimicrobials than twice the average. We studied the impact on antimicrobial consumption 
and vaccine use based on data from the monitoring programme Vetstat covering the time period January 2010 and July 
2011. The decrease in antimicrobial consumption was pronounced for all age groups treated for either gastro-intestinal 
or respiratory disease. Data from meat inspection of finisher pigs from before and after introduction of the scheme were 
compared (N=1.7 million finisher pigs). Nine lesions of chronic nature and infectious origin and the code “condemned” 
were selected. Logistic regression models with year and week as explanatory variables were used to identify whether the 
prevalence of a lesion changed from 2010 to 2011. The most common lesion seen was chronic pleuritis (~23%) while the 
other lesions occurred less-commonly (<1%). For osteomyelitis, pleuritis, chronic arthritis and condemnation, no differences 
were observed between the 2 years. The prevalence of chronic peritonitis (OR=1.5), umbilical hernia (OR=1.2) and chronic 
enteritis (OR=1.2) were statistically higher in 2011 compared to 2010, whereas it was lower for tail bite infection (OR=0.6), 
chronic pericarditis (OR=0.6), and chronic pneumonia (OR=0.7) (P<0.001). Our results indicate that marked reduction 
in use of antimicrobials is associated with a short-term increase in the prevalence of specific lesions found during meat 
inspection and higher coverage of vaccines against respiratory diseases might impact the prevalence of chronic pneumonia 
positively. Other factors that impact on pig health were not included in the study. Moreover, effect of productivity was not 
evaluated.

Introduction
Discussion about prudent use of antimicrobials in animal production is on-going. There is concern about the development 
of bacteria that are resistant to the antimicrobials commonly used to cure infections in both humans and livestock. However, 
it might be speculated that animal health might deteriorate if diseased animals are not treated, hereby jeopardizing animal 
welfare. 

In 2010, the “yellow card scheme” adopted by the Danish Veterinary and Food Administration imposed restrictions on pig 
farmers who used more antimicrobials than twice the average. Such an approach might have negative implications for the pig 
health. We therefore decided to study the potential impact on pig health. This paper shows the main part of the results – more 
details can be found in Alban et al. (2013).

Material and Methods
We made use of the antimicrobial consumption and vaccine use data from the monitoring programme Vetstat, covering all 
treatments between January 2010 and July 2011. A linear regression using the ordinary least square regression method was 
fitted to the antimicrobial use data by use of Microsoft Excel® and the R2 was calculated. Based on the linear regression, the 
relative decrease (%) in consumption was calculated for a 12-month period. A similar exercise was made for the vaccine data.

Data from meat inspection of finisher pigs from before and after introduction of the scheme were compared. A total of 1.7 
million finisher pigs originating from 2,765 pig farms were included in the analyses. These pigs were all slaughtered on one 
large Danish abattoir. These data covered the first 9 weeks in 2010 and 2011, respectively. Nine lesions of chronic nature and 
infectious origin and the code “condemned” were selected. 

Logistic regression models with year and week as explanatory variables were used to identify whether the prevalence of a 
lesion changed from 2010 to 2011. Possible clustering due to correlation within herds and between weekly shipments of 
animals originating from the same herd was taken into account in the models. The software programme SAS was used for 
this part of the analysis. 

In datasets that are very large, statistical significance is easily obtained. Moreover, we had 10 different models, which would 
make it easier to obtain statistical significance by chance. Therefore, we applied a significance level of 1% in the univariable 
models and 0.1% in the final model instead of the customary 5%. Moreover the Odds Ratio – as a measure of biological 
importance – had to be <0.9 or >1.1.
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Results
The decrease in 
antimicrobial 
consumption was 
pronounced for all 
age groups treated for 
either gastro-intestinal 
or respiratory disease. 
Vaccine use increased in 
general: PCV2-related 
infections (+31%), 
gastro-intestinal disease 
(27%), and respiratory 
infections (21%). Figure 
1 shows the decline in 
the use of antimicrobials 
for the gastro-intestinal 
diseases, whereas figure 2 
shows the increase in the 
use of vaccines: PCV2-
related infections: +31%, 
gastro-intestinal disease: 
+27%, respiratory 
infections: +21%.

The most common lesion 
seen was chronic pleuritis 
(~23%) while other lesions 
occurred less-commonly 
(<1%). For osteomyelitis, 
pleuritis, chronic arthritis 
and condemnation, no 
differences were observed 
between the 2 years. 
Chronic peritonitis 
(OR=1.5), umbilical 
hernia (OR=1.2) and 
chronic enteritis (OR=1.2) 
were more prevalent in 
2011 compared to 2010, 
whereas tail bite infection 
(OR=0.6), chronic 
pericarditis (OR=0.6), and chronic pneumonia (OR=0.7) occurred less-frequent (P<0.001) (Table 1). 

Discussion
The introduction of the Yellow Card scheme led to a substantial decrease in the consumption of antimicrobials in pigs 
in Denmark. This enabled a national evaluation of the impact on the health of pigs. Meat inspection data can be seen as 
indicators of health although there are inherent weaknesses in such data. These weaknesses were minimised by choosing data 
from one abattoir only. These data were considered the best available at the time for the purpose of our study. Later, more 
refined analyses including data describing productivity can be made.

The current permit limits for antimicrobial use in the yellow card scheme were set by the Danish Veterinary and Food 
Administration based on an intention to focus on the herds with the highest use. Naturally, when the consumption decreases 
among the farmers with the highest use, a permit limit defined as twice the average consumption will decrease. When 
considering the future permit limits, a thorough assessment should be conducted to find appropriate permit limits, which 
will not be leading to under-treatment and thereby poor animal health and welfare. 
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Fig. 1. Development in monthly consumption and linear trend of antimicrobials used in Danish pigs for 
treatment of gastro-intestinal disease, divided according to age group, January 2010 to July 2011. Source: 
Vetstat, the Danish Veterinary and Food Administration.
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The amounts of antimicrobials used per pig are already low in Denmark compared to other countries with a similar pig 
production (European Medicines Agency, 2011). The existing low use has an effect on the total release of resistant strains of 
zoonotic bacteria into environment as such, which can be demonstrated by the relatively low prevalence of resistance seen 
in zoonotic bacteria of human and animal origin (DANMAP, 2011). As long as the existing hygienic measures are kept in 
place, both in primary production and at slaughterhouse level – the food safety risk related to antimicrobial resistant strains 
of zoonotic bacteria on meat will remain low. Therefore, a further decrease in use of antimicrobials in production animals in 
Denmark might have limited impact on food safety. 

Moreover, strict measures in one country’s animal production have a limited impact on the general release of resistant 
strains, when animals, humans and meat are moved freely between European Member states as well as in and out of the 
European Union. Initiatives regarding prudent use of antimicrobials in humans and livestock on a European or global level 
are therefore welcomed.

A system like the yellow card might not as easily be introduced in other pig-producing countries due to the unique structure 
of the Danish pig production where almost all producers and slaughterhouses are member of the same organisation and most 
producers operate with high biosecurity measures (SPF-system).

Table 1. Results of analyses of effect of year in 10 logistic regression modelsa describing association between year and each of 10 specific 
lesions found at meat inspection of 1.7 million Danish finisher pigs at one large abattoir during the first nine weeks of the year 2010 and 
2011, respectively.. 

Model with lesion as 
dependent  variable:

Frequency of lesion in 2011 compared to 2010 

Random effects Fixed effects
Covariance 

subject
Parameter 

estimate
Standard

Error
Parameter 

estimate
Odds 
Ratio

Standard 
Error

P-value
(Wald’s)

Chronic peritonitisb Herd 0.2619 0.0238  0.4332 1.54 0.0313 <0.0001
Umbilical hernia Herd

Week
0.6340
1.1032

0.0397
0.0135

 0.2058 1.23 0.0314 <0.0001

Chronic enteritis Herd
Week

0.1534
1.3872

0.0183
0.0166

 0.1645 1.18 0.0313 <0.0001

Condemnationb Herd 0.4813 0.0371 0.1184 1.13 0.0382 0.0019
Osteomyelitisc n.a. n.a. n.a.  0.0867 1.09 0.0263 0.001
Chronic arthritis Herd

Week
0.5229
1.0329

0.0387
0.0124

--0.0236 0.98 0.0373 0.526

Chronic pleuritis Herd
Week

1.3188
5.4904

0.0415
0.0684

-0.0439 0.96 0.0104 <0.0001

Chronic pneumonia Herd
Week

0.6746
1.08

0.0402
0.0129

-0.3413 0.71 0.0344 <0.0001

Chronic pericarditisb Herd 0.7885 0.0585 -0.5233 0.59 0.0484 <0.0001
Tail bite infectionb Herd 0.9499 0.5343 -0.6030 0.55 0.0354 <0.0001

a: The dependent variable consisted of the number of finisher pigs (y) in which a specific lesion was recorded at meat 
inspection divided by the number of pigs (n) sent for slaughter from that producer in a week. Week was kept in all models 
as a categorical variable

b: The model specifying both herd and week as random effects did not converge, therefore a reduced model was run with 
only herd as a random effect

c: The model specifying herd as a random effect did not converge, therefore a reduced model was run without any random 
effects

n.a.: Non applicable 
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Conclusion
Our results indicate that marked reduction in use of antimicrobials is associated with a short-term increase in the prevalence 
of specific lesions found during meat inspection, and higher coverage of vaccines against respiratory diseases might impact 
the prevalence of chronic pneumonia positively. 
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Abstract
In 2006/7 the prevalence of Salmonella in UK slaughter pigs was found to be amongst the highest in Europe.  In advance of 
the anticipated EU-wide National Control Programme for Salmonella in pigs, a UK-wide monitoring programme was set up 
by Defra and funded in collaboration with key Government and industry partners.  The monitoring programme presented 
a cost-effective opportunity to concurrently collect data on other potentially zoonotic pathogens for which prevalence data 
is currently limited, including Toxoplasma, Yersinia, Hepatitis E virus (HEV) and Porcine Reproductive and Respiratory 
Syndrome virus (PRRSv).  Antimicrobial resistance testing of Campylobacter coli isolates and testing for ESBL E. coli was also 
undertaken (details not reported here).  This study will meet urgent evidence needs and improve our knowledge regarding 
potential risks to public health in the pig meat supply chain.  Between January and April 2013, 600 slaughter pigs from 14 
abattoirs throughout the UK were sampled.  Sampling was weighted according to abattoir throughput.  Sampling dates and 
pig carcasses were randomly allocated utilising the abattoir daily throughput as a sampling frame.  Samples collected from 
each pig include a post-stun rectal swab (Salmonella), post-bleed serum samples (Toxoplasma, HEV and PRRSv), the caecum 
(Salmonella) and tonsils (Yersinia and PRRSv) at the evisceration point, and pre-chill carcase swabs (Salmonella and Yersinia).  
Salmonella isolation (ISO 6579), serotyping and phage typing, and the isolation of Yersinia, were undertaken at AHVLA.  
Plasma samples were tested by ELISA for antibodies to Toxoplasma (at the Toxoplasma Reference Unit), HEV (at Public 
Health England (PHE)) and PRRSv (at AHVLA), and also tested for HEV RNA (at PHE).  Tonsil material from PRRSv-
seropositive pigs was tested by PCR and used for virus sequencing (at AHVLA).  

Introduction 
Foodborne diseases are estimated to cost the UK nearly £1.5 billion per year (FSA, 2011).  Salmonella is the second 
most common foodborne zoonosis, with 9,455 laboratory-confirmed cases in the UK in 2011 (EFSA, 2013).  Control of 
Salmonella in the EU has thus far focused predominantly on poultry, with Salmonella National Control Programmes 
(NCPs) having been implemented in the various chicken and turkey sectors from 2007 (Defra, 2011).  The success of the 
NCPs in poultry has resulted in a progressive reduction in the number of cases in people.  However, the proportion of 
human cases attributed to pork and pork products appears to be rising.  

In 2006/7, an EU baseline survey was conducted to assess the prevalence of Salmonella in pigs at slaughter (Commission 
Decision 2006/668).  Levels in the UK were above the EU average; 40.4% (259/641) of pigs had evidence of current 
infection and/ or carcase contamination, with Salmonella isolated from 21.8% of lymph node samples, 15.1% of carcase 
swabs and 21.9% of caecal samples.  A NCP for Salmonella in pigs is expected to commence in 2015 and reduction 
targets based on the EU mean prevalence are likely to be challenging for the UK pig industry.  Since the last survey, 
efforts continued to reduce the prevalence of Salmonella in pigs.  Therefore, a new monitoring programme to reassess the 
prevalence of infection was proposed.  This presented an opportunity to simultaneously gather national-level prevalence 
data on other organisms to address additional knowledge gaps.  

In a recent EFSA Opinion on pig meat inspection, Toxoplasma gondii was identified as one of the most significant 
foodborne public health hazards (EFSA, 2011).  There are an estimated 350,000 toxoplasmosis cases in the UK each year, 
of which 10-20% are symptomatic (ACMSF, 2012).  Despite pig meat being considered a high risk food for transmission, a 
recent report from the Advisory Committee on the Microbiological Safety of Food (ACMSF) noted that there is virtually 
no data concerning the prevalence in UK livestock (ACMSF, 2012). 

In the EFSA Opinion, Yersinia was also deemed very important (EFSA, 2011).  Yersiniosis was the fourth most frequently reported 
zoonosis in the EU in 2011 and infections are often acquired from raw or undercooked pig meat (EFSA, 2013).  Consequently, EU 
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Member States have been advised to gather prevalence data for pigs at slaughter at regular intervals (EFSA, 2009). 

The number of indigenous hepatitis E virus (HEV) infections in people in England have increased substantially recently.  
Pigs have been hypothesised to play a role due to the high prevalence of anti-HEV antibodies identified in previous surveys 
and the close phylogenetic relationship between HEV strains infecting humans and pigs.  Pork products are unlikely to 
become laden with virus by faecal contamination, so it was pertinent to assess the quantity of pigs that are viraemic at 
slaughter from which products subsequently entering the food chain may include viraemic blood, such as muscle.   

Porcine Reproductive and Respiratory Syndrome virus (PRRSv) can have a major economic impact on pig production.  
Infection can cause direct costs from loss of production, increased mortality and reproductive failure, and indirect 
costs associated with treatment, disease control, pig disposal costs and disrupted breeding programmes.  Consequently, 
PRRSv has been targeted for control by the British Pig Executive (BPEX, 2011).  Minimal data is presently available on 
seroprevalence in the UK, so the monitoring programme provided an ideal opportunity to determine how many pigs were 
potentially infectious at slaughter and to augment current data on PRRSv diversity.

A UK-wide multi-agency monitoring programme was launched to address these various evidence needs, involving 
collaboration between the Department for Environment, Food and Rural Affairs (Defra), the Department of Agriculture 
and Rural Development (DARD), the Food Standards Agency (FSA), the British Pig Executive (BPEX), Public Health 
England (PHE), Public Health Wales (PHW), the Veterinary Medicines Directorate (VMD) and the Animal Health 
and Veterinary Laboratories Agency (AHVLA).   The study design was consistent, as far as possible, with the technical 
specifications of the EU baseline survey of 2006/7 to enable comparisons. 

Methods
Sample size: The target sample size for the EU baseline survey was 600 pigs based on an estimated prevalence of 50% with 
an accuracy of 4% and 95% confidence (Commission Decision 2006/668).  Utilising the same sample size would enable 
detection of a 20% overall reduction in Salmonella prevalence or a 40% reduction in carcase contamination (with 80% 
power and 95% confidence).  An additional 10% (60 pig carcasses) were included as a contingency.    

Participants: The target population was all slaughtered pigs (finishers and cull sows and boars) in the UK.  The following 
animals were excluded: any carcase that was totally condemned; animals with a live weight <50kg; animals that had undergone 
emergency slaughter; and animals kept in the UK <3 months before slaughter.  The largest capacity slaughterhouses in Great 
Britain (GB) and Northern Ireland (NI) were used, which together represented over 80% of all pigs slaughtered in the UK.  
The number of pigs sampled at each slaughterhouse was proportional to the annual throughput. 

Sampling schedule: Samples were scheduled for collection between January and April 2013.  The date of sampling and the 
specific pig carcase to sample on each occasion were randomly assigned by AHVLA utilizing the daily throughput as a 
sampling frame for the latter.  

Sample and data collection: Samples were collected by trained staff at the FSA and DARD.  Samples collected from 
each pig comprised of one post-stun rectal swab, two post-bleed EDTA whole blood samples, the caecum, heart, tongue 
and tonsils at the evisceration point, and two pre-chill carcase swabs.  Samples were transported by courier (at 2-8°C) 
as soon as possible after collection.   A standardised questionnaire was also completed at the time of sampling to gather 
epidemiological data, including information concerning the pig (e.g. age, weight) and abattoir processes (e.g. slaughter 
speed, scalding temperature).  

Laboratory analysis: Bacteriological examination was carried out within 24 hours of receipt at the lab and 96 hours of 
sample collection.  

Salmonella: Caecal contents, carcase swabs and rectal swabs were tested for Salmonella at AHVLA following the method 
in ISO6579 annex D, with pre-enrichment in Buffered Peptone Water, subculture to Modified Semi-Solid Rappaport-
Vassiliadis medium then plating to Xylose-Lysine-Desoxycholate Agar and Novobiocin Brilliant Green Agar.  Suspect 
colonies were confirmed serologically or biochemically. Positive isolates were serotyped according to the White-
Kaufmann-Le Minor scheme and Typhimurium isolates were phage typed at the AHVLA national reference laboratory.  
Yersinia: Carcase swabs and tonsils were tested for Yersinia at AHVLA via the cold enrichment method; samples were 
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stored at 2-8°C and inoculated onto Yersinia selective agar at weekly intervals for 3 successive weeks.  Speciation was via 
colony morphology and API 20E biochemical strips.  

PRRSv: EDTA plasma samples were tested for PRRSv antibodies by ELISA at AHVLA.  Tonsil material from seropositive 
pigs was tested by PCR and a subset of viruses was sequenced.  

Toxoplasma: EDTA plasma samples were tested for Toxoplasma antibodies using the Sabin-Feldman Dye Test at PHW.  
Heart and tongue tissue from seropositive pigs were stored for future investigations.  

HEV: EDTA plasma samples were also tested for HEV antibodies by ELISA at PHE.  In addition, HEV RNA levels were 
quantified using quantitative Taqman or hemi-nested PCR as appropriate (Garson et al., 2012; Jothikumar et al., 2006).  
Samples with sufficient viral loads were subject to sequence analysis in the ORF2 region.  

Data collection and analysis: Data were registered on a survey specific MS Access database.  Data cleaning and statistical 
analyses will be conducted in Stata 12.0.  The overall prevalence of each organism will be calculated accounting for 
clustering of pigs within farms.  These will be compared with previous abattoir surveys to investigate recent trends and the 
data for Salmonella will help develop the NCP in pigs.  Agreement between sample types will be examined via kappa tests.  
Variation in regional prevalence will also be investigated.  Co-infections will be explored.  The questionnaire data will be 
used to investigate associations with the various microorganisms via multivariable logistic regressions models.   

Results
The prevalence results from this unique multi-agency, multi-funded project should be available later this year.  By 
combining numerous infectious agents into one monitoring programme, the project will be able to efficiently and 
simultaneously address urgent evidence needs and improve knowledge of numerous potential risks to public health in 
the pig meat supply chain.  The survey has attracted considerable interest to date and the results are likely to be extremely 
useful to both the industry and public health bodies.  The project has also enabled the strengthening of the collaborative 
ties between veterinary and public health organisations and the industry in the UK, which will prove beneficial for future 
research and surveillance and the implementation of the pig NCP. 
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Abstract
This work aimed at (i) describing Campylobacter excretion by conventional pigs in field conditions from sows to fatten-
ing pigs, and (ii) assessing the role of the environment as a source of pig contamination. Five sows and six piglets per sow 
were individually followed in two farrow-to-finish farms. Faecal shedding, contamination of pens (empty or with animals), 
feed and water were monitored from birth to finishing for pigs and during one production cycle for sows. Campylobacter, 
mainly C. coli, was highly prevalent for sows and their piglets. All the sows excreted Campylobacter. Piglets became infect-
ed early: 84 and 86% of them excreted Campylobacter three to five days after their birth. The prevalences increased pro-
gressively through the rearing period with some young pigs becoming punctually negative. The amount of Campylobacter 
in faeces was highly variable between pigs (from 0 to 109 CFU/g of faeces) and between sampling times for a given pig, with 
sometimes no detection. Samples of the pigs’ environment during the down period were always negative and became posi-
tive when pigs were housed in the pens. Nevertheless, no correlation was established between the excretion level of the pigs 
and the contamination level of their environment. Some samples of feed, initially free of Campylobacter, became positive 
due to contamination by faecal material. Finally, our study underlines the role of the sows as a Campylobacter contamina-
tion source for their piglets. 

Introduction
Campylobacter, a major cause of food-borne human infection, is commonly carried in the intestinal tract of a wide range 
of animals, including livestock animals, without causing clinical signs (EFSA, 2007). Pigs are known to be frequently infect-
ed by Campylobacter with prevalence between 50% and 100% and excretion levels ranging from 102 to 107 Colony Form-
ing Units (CFU) of Campylobacter per gram of faeces (Alter et al., 2005). For the implementation of control measures in 
farms, dynamics of Campylobacter excretion and sources of contamination have to be known. Previous studies describe 
that piglets became infected by their mothers within the first weeks of life (Hume et al., 2002). Other sources could be 
suspected among which the environment (Alter et al., 2005). This work aimed at (i) describing Campylobacter excretion 
(presence/absence, main species and quantity) by conventional pigs in field conditions along one production cycle from 
sows to fattening pigs and (ii) assessing the role of the environment as a potential source of pig contamination. 

Material and Methods
Farms and animals individual follow up
This study was carried out in two farrow-to-finish farms. In each farm, five sows from the same batch have been followed 
along one production cycle (before farrowing and until the slaughter of their offspring). After farrowing, 6 piglets per sow 
have been individually followed from their first week of life until their departure to the slaughterhouse. Sows were moni-
tored weekly 2 weeks before farrowing. Piglets and sows were followed weekly from the first week to 5 weeks of age then 
growing pigs were monitored every three weeks until slaughter whereas the sows have been sampled at the 8th, 11th and 17th 
weeks after farrowing. 

Samples and analysis 
Fresh faecal samples from sows and young pigs were collected individually and 10 g of each were diluted to 1:10 in Preston 
broth for detection and enumeration. For the environment, surface swabs (floors, walls, structures) were collected from 
each pen and from the floors and walls around each pen (i) in empty rooms after cleaning/disinfection (during the down 
period) and (ii) in presence of the animals. Surfaces swabbed were measured to detect and quantify the number of Cam-
pylobacter per square meter. Swabs were humidified with 45ml Preston broth. Enumeration for all the samples was done 
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using a 10-fold serial dilution on Karmali plates. 

Presence/absence of Campylobacter was checked in feed and water. Feed samples were collected before the distribution to 
the animals (in bags or silos) and in presence of pigs (into the trough of each studied pens).Water samples were collected 
upstream to the distribution network and at the faucet in each unit (service, gestation, farrowing, post-weaning, fattening). 

Species of isolates were identified by real-time PCR (Leblanc-Maridor et al., 2011). 

For the statistical analysis, the correlation between the contamination level of the environment and the excretion level of 
Campylobacter by the animals was estimated.

Results
For one farm (Farm I), all the faecal samples from sows were positive for Campylobacter whatever the sampling times 
while in the second farm (Farm II), no Campylobacter were detected in the faecal samples of one sow at three different 
sampling times. Level of Campylobacter excretion varied from less than 102 to 107 CFU of per gram of faeces, and varied 
between sows at one sampling time and also for a given animal at different sampling times.  

At 3 to 5 days after birth (first 
faecal sample), 84% and 86% 
of the piglets (respectively 
Farm I and Farm II) excreted 
Campylobacter (Figure 1). 
These prevalences increased 
progressively through the 
rearing period except at three 
weeks of age where only 60 
% of the piglets excreted 
Campylobacter. Afterwards, 
prevalences were above 90 
% with some pigs becoming 
punctually negative.

The Campylobacter faecal excretion of young pigs was on average 105 to 107 CFU of Campylobacter per gram of faeces with 
a high variability in the quantities between two different samples for a given animal or between pigs at the same sampling 
time (from 0 to 109 CFU/g) (Figure 2).  A decrease of the quantity of Campylobacter excreted by piglets was observed 
between the 4th and the 5th weeks of age for both farms after treatment with tylosine given to the piglets at the entrance into 
the post-weaning unit.

No Campylobacter was ever found in the environmental samples taken after the cleaning-disinfection process (without ani-
mals) as well as in the feed samples taken before distribution to the animals or in the water. When the animals were in the 
pens, feed samples and environ-
mental samples were positive with 
a high variability of the contam-
ination level (from less than 100 
to 109 CFU/square meter). Con-
cerning the environmental samples 
(walls or floors), the number of 
positive samples increased with the 
age of the pigs. There is no signifi-
cant correlation between the level 
of Campylobacter excretion by 
pigs and the contamination level 
of the environment, whatever the 
samples (walls or floors of the pens 
and food) (P>0.05). 

Figure 1: Evolution of the percentage of young pigs excreting Campylobacter in their faeces 

% of Campylobacter excreting pigs

Figure 2: Faecal excretion of Campylobacter by young pigs

Faecal excretion of Campylobacter by pigs log (CFU/g faeces)
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All Campylobacter isolates from faecal samples of sows and pigs, environmental samples and feed were identified as C. coli.

Discussion
The objective of this study was to describe the dynamics of Campylobacter excretion in a conventional farrow-to-finish farm 
and to assess the role of the environment as a potential source of contamination. The originality of this study was the indi-
vidual follow-up of the same animals all along a production Indeed, in the other studies, the comparisons of prevalence or 
excretion levels of Campylobacter between pigs at various stages have been done on different animals, at one sampling time 
or on a grouped way (Alter et al., 2005; Weijtens et al., 1993; Weijtens et al., 1999).

In this survey, the high prevalence observed for sows throughout a production cycle is close to that found in the literature. 
Nevertheless, this result has to be taken with caution considering the low number of individuals sampled (5 sows per farm).  
Regarding the piglets, 84 and 86% of them are contaminated at the first sampling time, 3 to 4 days after their birth. This early 
contamination of piglets was similar to the results previously described (Weijtens et al., 1997; Weijtens et al., 1999).

In our study, the early contamination of the piglets seems to be due to the contact with their mothers as the environment was 
negative during the down period (after the cleaning and disinfection process) as well as feed and water of the farrowing unit. 
Moreover, sows excrete high quantities of Campylobacter which could promote the contamination of the piglets. The role of 
the sows as the first contamination source of Campylobacter for their piglets was previously described (Weijtens et al. 1999; 
Hume et al., 2002; Alter et al. 2005).

Besides, the progressive increase of the prevalence of young pigs’ infection is in accordance with the results of Weijtens et al. 
(1997). However, like Alter et al. (2005) we did not observed a decrease of the percentage of carrier pigs during the fattening 
period as observed by Weijtens et al. (1993). To our knowledge, the punctual decrease of prevalence (60% of the piglets) 
observed in both farms at the third week of life has not been reported previously. The origin of this decrease is difficult to 
explain and not linked to bias of bacteriological method as the positive sows samples have been treated at the same time. 

For sows and for piglets, the amount of Campylobacter in faeces was highly variable (from 0 to 109 CFU/g). After the 5th week 
of life, all young pigs became shedders until the end of the study with a level of excretion similar to those found in previous 
studies, except for one animal. Nevertheless, similar to previous findings (Weijtens et al., 1999), variations in the average 
colony count of Campylobacter in the faeces between both animals and samples from a given animals were observed in our 
trial. Campylobacter could not be detected in one animal at one time point whereas high counts were observed in faeces 
from the same pigs at previous and following sampling times. This situation was previously described in an experimental 
trial (Leblanc-Maridor et al., 2008). These observations suggest an intermittent excretion of Campylobacter or elimination 
followed by re-contamination of pigs by Campylobacter (Weijtens et al., 1999).

No significant correlation has been found in our study between the contamination level of the environment and the excretion 
level of the pigs. However, the environment can play a role as source of indirect contamination for pigs, especially due to pig 
having frequent oral contacts with their environment. In this work, the resistance of Campylobacter in the environment in 
a pig farm seems limited as shown by a high number of negative environmental samples in the presence of the animals on 
dirty soil. In the same way, no positive environmental samples have been observed after the down period showing that good 
measures of hygiene between two batches (cleaning, disinfection, down period) allow the elimination of Campylobacter in 
the concerned rooms. The epidemiological role of the environment in the infection dynamics and the excretion pattern of 
Campylobacter by pigs might be limited if this environment is not constantly recontaminated by pigs faeces. Weijtens et al. 
(2000) underlined in a study that Campylobacter infection in pig farm can be reduced even eliminated through the imple-
mentation of strict hygienic measures associated with a repopulation with Campylobacter non-carriers pigs. Among the 
feed samples taken into the troughs in presence of animals, few were positive due probably to a contamination via the faecal 
material (the presence of faeces into the trough has been sometimes observed or strongly suspected). These results highlight 
that feed could play a role in indirect transmission of Campylobacter between pigs.

Conclusion
Our study confirmed the high prevalence of Campylobacter infection for sows and pigs in conventional farms all along a 
production cycle. The early contamination of the piglets could be mostly due to the contact with their mothers. Even if no 
significant correlation has been shown between the environment contamination and the excretion levels of Campylobacter 
by the animals, the environment appeared frequently contaminated notably by faecal material (walls, floor and structures of 
the pen/room, feed in the troughs) and is probably an element of Campylobacter transmission between animals. 
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Hepatitis E virus (HEV) is a zoonotic agent that can be transmitted from pigs to humans via consumption of pork and 
products derived of it. Recently, the European Food Safety Authority (EFSA) has published a scientific opinion urging for 
measures to prevent Hepatitis E virus (HEV) from entering the food chain.

Unfortunately, there is only limited knowledge about the world-wide prevalence of HEV in pig herds and consequently on 
the potential risk for consumers. 

Various studies demonstrated high levels of HEV in the pig production units. Antibody prevalence of up to 60% is 
commonly found in pig herds. However, also antibody-negative herds are identified, even in high prevalence regions. 
These findings are of great interest; it is crucial to learn more about these negative herds and about the differences between 
non-infected and infected herds. Identification of differences in holding conditions, management, sourcing of piglets 
etc. will help to identify risk factors for HEV infection in pig herds as well as for the introduction of the virus into herds. 
Strategies and measurements to reduce or eliminate HEV in pig herds can then be implemented and consequently the risk 
of introducing HEV into the food chain reduced. 

The implementation of an appropriate risk based surveillance system for HEV in the pre-harvest sector would be an 
effective and economic way to collect information on the herd infectious status and to continuously reduce the prevalence 
of HEV infection among livestock.  Risk based surveillance systems help reduce the risk of introducing zoonotic diseases 
into the food chain and increase consumer health protection. 

The high prevalence of HEV found in many countries shows the importance of surveillance and control of this important 
zoonotic pathogen. For this purpose it is of high importance to use adequate diagnostic tools, such as the PrioCHECK® 
HEV Ab porcine. The PrioCHECK® HEV Ab porcine is, due to the use of antigens of both, genotype 1 and 3, capable to 
detect antibodies against all HEV genotypes. 
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Abstract
A novel quality assurance approach was tested for its applicability to assess data validity and meat inspection performance 
by means of modeling and training of official meat inspectors (OMIs). General linear mixed models (GLMM) were used 
to estimate the variance in 20 selected lesions assessed by 12 official meat inspectors for 247.507.pigs. The pigs originated 
from 72 conventional farms and were slaughtered at one abattoir in Austria in the period January 2008 to June 2011. The 
heterogeneity in the health state of the pigs, variation due to the farms of origin, piglet producer, quarter and medication 
was considered in the statistical model. Based on the model meat inspection showed hardly any variation for post-mortem 
findings such as pericarditis, arthritis and milkspots, whereas meat inspection of blood aspiration, scalding water lungs, 
skin lesions and hepatitis can be deemed as not sufficiently standardized. Training of OMIs resulted in better detection 
rates of blood aspiration and pleurisy, but not in the detection of skin lesions related to slaughter technology and animal 
welfare. Grading of pneumonia has to be further improved in future training sessions. An improved data record system was 
established based on the outcome of the model and training of OMIs. In future research the benefit of the new code system 
and training effect to standardize meat inspection will be assessed in form of statistical re-evaluations. 

Introduction
In order to revise meat inspection towards the introduction of a risked-based approach, information feedback systems 
have been established throughout Europe, legally required by European Commission regulations (EC) 854/2004 and (EC) 
2074/2005 to grant safety along the production chain. It became mandatory for official meat inspectors (OMI) to record 
slaughter lesion data, and provide information about the predominant diseases affecting finishing pigs from the slaughter 
house to the pig producer and farm veterinarian, thus assist in monitoring disease in national herds. Although the variability 
in scoring lesions among OMIs is believed to be a major contributor to variability in lesion prevalence among slaughter 
prevalence in monitoring programs, hardly anyone has questioned the quality of data recorded in such databanks for 
reporting. 

In Austria a novel quality assurance (QA) approach was evaluated for its applicability to assess data validity and meat 
inspection performance by means of modeling and training of OMIs. As described in Schleicher et al. (2013) statistical 
models were fitted to estimate the probabilities of a positive finding. 

Furthermore, the amount of variation among these probabilities that contribute to the OMIs was determined by calculating 
variance partitioning coefficients (VPCs). Primary aim was to assess those lesions with the highest variability among OMIs 
for further training and to assess practically at the slaughter plant the feasibility of the model as training base. 

Material and Methods
Study population
The population under study comprised all conventional pigs from 72 farms located in the province of Styria, Austria, that 
were slaughtered in the period January 2008 to June 2011. Farms included 21 (29.2%) fattening farms and 51 (70.8%) farms 
with “farrow to finish units”. Herd size ranged from 70 to 2025 finishing pigs. All farms participating in the study had no “all 
in/all out” management. Each farm sent batches of finishing pigs to slaughter according to growth performance. Additionally, 
only farms which sent more than 400 pigs to slaughter in the study period were included in the study. A total of 247.507 pigs 
were examined. 

Meat inspection and Data recording
The study was conducted at one slaughter plant located in the province of Styria, Austria, slaughtering approximately 2000 
– 2300 pigs per week. Finishing pigs were sent to slaughter with about 115 – 120 kg (253.5 – 264.6 lb). The abattoir killed 
about 115 -120 pigs per hour and used carbon dioxide stunning followed by conventional sticking with the animals lying 
on the side. At the slaughterhouse post-mortem data were recorded by a total of 12 official meat inspectors (OMI) with 11-
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19 years of experience in meat inspection. Each veterinarian was registered under a certain “vetcode” in the system of the 
slaughterhouse. Along the pluck- and carcass line the veterinarian was able to select post-mortem findings on a touch screen 
out of 55 pre-defined parameters. In the study focus was laid on 20 lesions according to their frequency and animal health 
significance from the abattoir company’s database. The parameters were assessed for their validity, thus quality in post-
mortem feedback-information systems. 

Statistical analysis
General linear mixed models (GLMM) were used to estimate the variability due to the OMIs for each of the 20 selected 
lesions as described in Schleicher et al. (2013). The heterogeneity in the health state of the pigs, the variation due to farms of 
origin, piglet producer, quarter and medication (PCV2 vaccination, deworming, scabies treatment) were considered in the 
statistical models. For each lesion the amount of dispersion among OMIs and the farm of origin were quantified in the model 
using Variance Partitioning Coefficients (VPCs). Special care was taken that a balanced sample was given for the models. 
Each of the 12 OMIs examined more than 6.000 plucks and more than 7.000 carcasses. The latter ensured that each OMI 
inspected plucks and carcasses of at least 51 out of 72 farms, and that pigs originating from one farm were examined by at 
least 7 OMIs. The models were implemented in R (version 2.14.2) using the package lme4. 

Training of veterinarians in meat inspection
Eleven of the twelve OMIs participated in the practical training. Each of the OMIs had to examine 12 preselected carcasses and 
plucks within 12 minutes. They were asked to record lesions out of a list of 14 pre-defined pathological abnormalities, namely: 
mild, moderate and severe forms of pneumonia, pleuritis visceralis, blood aspiration, scalding water lungs, pericarditis, 
milkspots, perihepatitis, hepatitis, skin lesion related to a) slaughter technology b) infectious agent and c) animal welfare, 
scabies, pleuritis parietalis and arthritis. Precise definitions and guidelines were given beforehand. Additionally, the OMIs 
were asked to record multiple lesions, not only the most predominant one. Subsequently, a photo documentation of each 
lesion was completed. 

Results
In the study period January 
2008 to June 2011 247.507 pigs 
were examined by 12 OMIs. In 
total about 70% of the plucks 
and approximately 40-50% of 
the carcasses were recorded 
with lesions. A detailed list on 
slaughter statistics is given in 
Table 1.

The abattoir company’s database 
was screened and finally 20 
lesions, namely 18 pathological 
abnormalities and 2 findings 
related to slaughter technology 
chosen for further evaluation according to their relative frequency (Table 2) and animal health significance.

Range of relative frequencies in lesions was found highest for blood aspiration, followed by scalding water, hepatitis, 
bursitis and skin lesion. The most frequent lesion was bursitis in carcasses (13.8%) and pneumonia (+/++/+++) in 
plucks (30.4%). However, a simple descriptive analysis will not allow a distinction between lesion variability due to farm/
herd management and/or OMI performance. Therefore, a statistical analysis (GLMM) was conducted to estimate the 
influence of OMI and farm on each of the 20 lesions and to determine the level of standardization and homogeneity in 
meat inspection as an indicator for data quality. The results of the models include fixed effects (influence of quarterly 
time effect, farm type and piglet producer). Largest variance among OMIs (VPC estimates) was given for the finding skin 
lesion (3.9-20.8%), followed by blood aspiration (8.2-19.8%) and hepatitis (2.9-18.9%). A negligible amount of variation 
was determined concerning pericarditis (0 – 0.1%), peritonitis (0-0.6%) and arthritis (0-0.4%). Particularly large variation 
on farm level was shown concerning milkspots. Subsequent analysis of the raw data revealed that the pigs from 2 of the 
considered piglet producers showed a noticeably larger risk for severe milkspots (>3). Training of the OMIs improved the 
detection rate of blood aspiration (90.9-100%) and pleuritis visceralis (63.6-90.9%). However, hardly any improvement 
was given for the detection of skin lesions. Localization and severity of the skin lesions affected highly the detection rate 
of the OMIs (18.2-100%). In addition, a certain disagreement in recording multiple lesions was noted between OMIs. The 

Table 1. Number of pigs [%] slaughtered in the study period and number [%] of plucks, 
carcasses and number of pigs (carcass + pluck) recorded without lesion. 

criteria 2008 2009 2010 2011*

number [%]
Pigs total 56.760 [22.9] 68.013 [27.5] 74.890 [30.3] 47.842 [19.3]
Pigs (fattening1) 18.348 [  7.4] 21.713 [  8.8] 26.673 [10.8] 16.045 [  6.5]
Pigs  (farrow2) 38.412 [15.5] 46.300 [18.7] 48.217 [19.5] 31.797 [12.8]
Plucks (P) no lesion                 16.089 [28.3] 20.267 [29.8] 23.541 [31.4] 13.770 [28.8]
Carcasses (C) no lesion 27.191 [47.9] 33.318 [49   ] 42.822 [57.2] 28.271 [59.1]
C + P  no lesion   8.984 [15.8] 11.672 [17.2] 15.759 [21   ] 1.397 9.6]

1 originating from fattening farms 2 originating from farms with farrow to finish units                                   *6months
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performance among meat inspectors 
to assess different forms of pneumonia 
were found acceptable, but need to be 
further improved. Lowest variability 
was given for pneumonia +++, which 
was found consistent with the model. 

Discussion
Meat inspection might be considered 
standardized and homogeneous if 
the probability of a specific post-
mortem finding is independent of the 
OMI carrying out the examination. 
Emphasis was laid to establish a model 
fitted for real work conditions. In 
contrast to trial designs no repeated 
measurements or reference standards 
were available. Focus of the work 
was not the estimation of the rater’s 
sensitivity and specifity, but rather 
the analysis of the variation of the 
probabilities of a finding between 
different OMIs. It was considered essential in the model to take the variation between farms and seasonal effects into 
account to reduce the influence of the heterogeneity in the health state of pigs. Otherwise, the model fit might be poor, in 
particular for infrequent findings with low relative frequency (e.g. scabies). Findings for which there were different levels of 
gradation to choose from (i.e. pneumonia).typically exhibited larger variation among OMIs. In general good cooperation 
between trainer and OMIs was given. OMIs, who participated in the study, voluntarily gave feedback on how to improve 
the abattoirs’ data recording system. 

Conclusion
Inspection of pigs at slaughter has been widely used in epidemiological studies of risk factors associated with raised 
prevalence of lesions. However, the prevalence of lesions recorded in databanks must be based on valid data and reflect 
a certain consistency in data recording of OMIs to establish a functional post-mortem feedback information system. The 
statistical model (GLMM) was found an essential and helpful tool to estimate on the one hand the amount of variation in 
post-mortem findings that can be accredited to the OMI and on the other hand as a training base for OMIs. As a consequence 
of the statistical analysis and training of OMIs an improved code record system will be established in the abattoir. Focus was 
laid to assess fewer findings, but with high animal health significance in the future. Precise guidelines and definitions on each 
lesion were provided for the OMIs in cooperation with the veterinary section of the local government. Frequent training 
sessions and a re-evaluation of the OMIs’ performance might be considered in the future to standardize meat inspection on 
the long term. 
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Table 2. Overview on the total relative frequency (r.f., %) assessed by 12 OMIs and 
range of r.f. (min.—max.) for each OMI for 20 selected lesions over the full study 
period (01/08 – 06/11).

Carcass   % Pluck   %
finding r.f. (%) min.-max. finding r.f. (%) min.-max.
bursitis 13,8 4.9-27.1 pneumonia + 13,8 3.2-26.8
arthritis 0,6 0.2-1.4 pneumonia ++ 11,9 4.8-23.5
scabies 0,5 0-6,3 pneumonia +++ 4,7 1.5-16.2
skin lesion 8,6 0-19,8 pleuritis visc. 14,1 4.9-22.2
pleuritis + 7,3 3.6-13.2 blood aspiration 17,7 1.2-41.5
pleuritis ++ 8,3 3,9-12 scalding water 12,9 2.1-35.2
abscess 1,5 0.3-3.0 lung adhesion carcass 0,5 0.1-0.9
peritonitis
 

0,1 0-0,5
 

pericarditis
milk spots ≤3
milk spots >3
hepatitis
perihepatitis

3,1
2,5
4,7
8,3
2,7

2.5-3.9
1.0-3.9
2.0-10.1
0.9-29.1
0.9-6.1
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Listeria monocytogenes is a major public health concern. It has been associated with highly mediatised outbreaks. It was 
the case in 2008, when an important episode (23 deaths) in Canada showed the need to reinforce the policies to better con-
trol Listeria in ready-to-eat products. Improved surveillance in the production plants environment increased the detection 
levels and represents a challenge for both industries and control agencies. In Canada, there is currently no surveillance pol-
icy of this microorganism in the steps preceeding ready-to-eat production. The distribution, diversity and characterisation 
of this microorganism in the slaughter and cutting environments are not well documented either. The aim of the present 
study is to provide such data, starting with a plant in Quebec. Moreover, recent studies suggested that the ability to produce 
biofilm and some virulence attributes (presence of SNP in InlA) are linked with “environmental” strains compared to vir-
ulent ones. Such characterization will be presented. The plant was sampled at three occasions, after the cleaning and disin-
fecting procedures, during a two-year period. A total of 874 samples were collected. Listeria detection followed the Health 
Canada standard method, geno-serogrouping was obtained by PCR and isolates were compared by PFGE after Apa1 and 
Asc1 restriction. Four serogroups (mainly I/IIb) were found, and 6 out of 21 pulsotypes were regularly or sporadically as-
sociated to human clinical strains profiles. We observed an increase in occurence of Listeria monocytogenes following the 
processing steps (χ2 p<0.05). On the contrary, the diversity strongly and repeatedly decrease from step to step : 96.1% of the 
strains recovered  from the cutting room presented the same profile. The “resident strains” have not been represented in 
clinical cases surveillance. Biofilm formation ability of strains alone could not explain strain transitions. Our results indi-
cate that better knowledge of Listeria monocytogenes before food processing could be helpfull to optimise Listeria monocy-
togenes control under a risk analyse approach.

Introduction :
Listeria monocytogenes is the etiologic agent of listeriosis. The frequently deadly disease has been recognized as a food-
borne disease since 1984. Then, numerous outbreaks were identified, associated with consumption of heavily contaminat-
ed “ready to eat” products (RTE). Canadian regulation (Health Canada Agency, 2011) requires from RTE food industry, 
including meat and delicatessen production, the control of L monocytogenes both from products and from surfaces in 
the plant. The introduction of the bacteria in plants, via raw products, is scarcely documented in Canada. Nevertheless, a 
recent study confirmed raw meat as the main source of L monocytogenes in the meat transformation industry (Choy et al., 
2012) and rare previous works, from the end of the previous century, suggested the presence of a single, largely distributed, 
clone from slaughter (Giovannacci et al., 1999). The present study aimed to describe and follow the evolution of L monocy-
togenes strains in a pig slaughter/cutting plant in Quebec. Strains were characterised and compared with provincial surveil-
lances data from food and clinical.

Material and method:
Sampling: In the lairage, 60 pen floors were sampled (10 X 100cm2) just after emptying. One year later, in the same plant, 
during 3 successive sampling (one month separated) a total of 274 surface samples were done, after sanitation procedures. 
Samples consisted in swabbing of 900 cm2 after gentle mechanical mobilisation (individual brushes) of the surfaces to be 
sampled. The slaughter (pre and post evisceration, chilling room) and the cutting zones (surfaces in contact and not with 
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meat) of the plant were sampled by a total of 92 sites, systematically swabbed per visit.

Detection: L. monocytogenes detection followed a procedure derived from MFHPB-30 standard (Health Canada): 2 enrich-
ment steps, respectively 24h at 30°C and 48h at 37°C, in UVM-1 and Fraser broths. Each broth was isolated on chromogen-
ic Aloa agar, incubated 24h at 37°C. 

Identification: typical colonies (max. 2 per positive sample) were confirmed and geno-serogrouped by a multiplex PCR 
protocol (Kérouanton et al., 2010). PFGE profiles (2 enzymes AscI and ApaI) were obtained according to the CDC Pulsen-
et standardized protocol (Graves, 2001) for each isolate. Profile comparisons were conducted using BioNumerics® (Applied 
Maths) software. Strain pulsotype was determined and a new pulsotype was attributed when the profile similarities were 
strictly fewer than 100%, according to Dice correlation coefficient (1% band position tolerance). Diversity in the strain 
collections from the different zones of the plant was quantified by Simpson Index calculation.

Characterization: biofilm forming ability of strains was assessed by a biomass producing test: static incubation of strains, 24h in 
1/20 TSB-Ye broth in round bottom micro-plates, and staining with crystal violet (Djordjevic et al., 2002).  Strains were compared 
to the collections established during L monocytogenes surveillance, food associated and clinical origin, in Quebec from 2001.

Results:
L. monocytogenes detections form surfaces in the raw meat processing zone were not infrequent after sanitation procedures. 
Several geno-serogroup including those relevant in a public health perspective: groups IIB and IVB were found. In this study, 
the more frequent serogroups were different in the different zones: lairage (IIA), slaughter (IIC) and cutting (IIB) (table 1).

Table 1: synthesis of the identification of  L monocytogenes isolates from the lairage to the cutting zones.
Zone (Simpson index) Geno-serogroup # of isolates % per zone Pulsotypes
Lairage

(D=0.01)

IIA 8 73% 2, 3, 11, 12, 19, 22, 23
IIB 1 9% 7
IVB 2 18% 4, 6

Sampling 1 Sampling 2 Sampling 3

Slaughter

(D=0,19)

IIA 1 8% 18 - -
IIB 5 38% 1, 8, 10 5, 9 -
IIC 7 54% 16 16 16, 17

Cutting

(D=0,69)

IIA 8 9% 11, 13, 15 11, 13, 14
IIB 74 86% 1, 5 1, 5 1, 5
IIC 3 4% 17 16 16
IVB 1 1% 6

The increase of the value of Simpson index well 
described that the diversity (number of different 
pulsotypes per zone) was high in lairage and low 
in cutting zone (despite it was easier to detect L 
monocytogenes from surfaces in cutting zone) 
(Table 1). This suggests a selection, a sorting, 
of strains between lairage and slaughter and 
moreover between slaughter and cutting zones 
(surfaces sampled concomitantly). In slaughter, 
the pulsotype 16 strains were predominant and 
detected at each visit. They became sporadic 
and were replaced by pulsotype 1 and 5 in the 
cutting zone. Those pulsotypes (1 and 5) were 
present but much less abundant in slaughter.

This transition could not be explained by a 
switch during chilling of the carcasses (as it 

Fig.1: Comparison of biofilm ability of the Listeria monocytogenes strains, 
named according to their pulsotype. (Mean values standardized against 
ATCC15313; bar: standard deviation; n>15 from 2 independent trials)
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could be frequently evocated) as L monocytogenes were seldomly detected in the chilling room in our conditions and pre-
sented the pulsotype 18, never shown anywhere else during the study.

Some pulsotype present in lairage appeared at some occasions in the cutting place (pulsotype 6 and 11).

Some difference in biofilm forming abilities was shown depending on strain pulsotypes. Pulsotypes 1 and 5 strains did not 
present particular properties in biofilm forming. Pulsotype 16, and strains 19 and 22, were the strains that shown the higher 
values in biomass forming. 

Table 2: Distribution of the strains in surveillance of food chain/human cases (*Detected in food during outbreak investigations).
Not previously 
detected

Previously detected during 
food surveillance

Previously detected in 
human cases

regularly sporadically regularly sporadically
Pulsotype as determined in the present 
study

2; 3; 4; 8; 10; 11;  12; 
13; 16; 18; 23

1; 5; 15; 17 14* 6;7; 9; 19*; 22

The strains (pulsotype 1 and 5), frequently detected in cutting plant, have never been associated with human cases, nor 
pulsotype 16 and 17 strains frequent in slaughter. But 6 out the 21 strains pulsotypes isolated were previously (regularly for 
pulsotype 14 or sporadically) detected in patients (Table 2).

Discussion:
In the conditions of this study, isolation of L monocytogenes from environment of the plant, after sanitation procedures, 
described an increasing in homogeneity in the strain collections, from slaughter to cutting zone. The homogeneity of the L 
monocytogenes population in the cutting room is in agreement with previous study Giovannacci et al., 1999). Ability to form 
biofilm, as assessed in vitro, didn’t appear to be the key to explain persistence.

But we described from lairage and slaughter that numerous strains are susceptible to enter the plant, and some can persist 
in the slaughter environment. It encourages reconsidering the idea that the primary production is a week source of L mono-
cytogenes in meat production (Farzan et al., 2010 and Wesley et al., 2008), two studies that didn’t used chromogenic agar 
for strain isolation. Consideration of the “entering strains” is relevant (Boscher et al., 2012) as in our study, some of them 
presented a profile related to clinical strains.

For industrial and public health considerations, better knowledge of the L monocytogenes present before the RTE step of 
meat production chain (identification of the persistent strains in plants and characterization of their virulence properties, e.g. 
integrity of the InlA gene sequence) should be particularly relevant to support efficient control measures. 

Conclusion: 
Many different L monocytogenes strains enter the meat production chain, some sorting exists in subsequent steps. Surveil-
lance earlier in the primary production would permit to adapt the control measures for raw meat production and at the 
processing step (RTE level). 
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Abstract
Y. enterocolitica is a zoonotic agent, and the third bacterial cause of human entiritis in Europe. The objective of this study was 
to assess consumer exposure to the pathogen Y. enterocolitica through meat consumption over a one-year period, in France. 
In this context, the prevalence of  Y. enterocolitica was established on samples of fresh pork, beef and poultry collected at 
retail level in France. Of the 649 samples, 5.1% (34) were positive for Y. enterocolitica. No significant difference in prevalence 
between the categories of fresh meat was observed: the prevalence was 5.2 % for pork, 5.2% for beef and 5.9% for poultry 
meat. However, tongues of pork were highly contaminated by Y. enterocolitica (12.5%) compared to other type of meat. 

Although the isolation methods of Y. enterocolitica was done by a method promoting the detection of pathogenic biotypes 
1B, 2, 3, 4 and 5 (enrichment ITC and streaking on CIN), only strains carrying biotype 1A were isolated. Strains of biotype 
1A are considered non-pathogenic for humans. However, recent studies indicate that biotype 1A strains isolated from clinical 
cases have in their genomes genes known to play a role during disease. The presence of the three virulent genes inv, myfA 
and ystB were tested; the gene ystB being strongly related to the clinical biotype 1A. The three genes were detected for some 
of our strains and 71% of our isolates carried the ystB gene. Thus, these strains can be potentially pathogenic for humans. 

Introduction
Y. enterocolitica is an important food-borne enteropathogen, known to cause a wide variety of clinical symptoms ranging 
from mild gastroenteritis to  invasive syndromes like terminal ileitis (Bottone, 1999). Y. enterocolitica is the third bacterial 
cause of human enteritis in Europe (EFSA and ecdc, 2012).

This pathogen is of particular concern for consumers’ safety because it is able to growth in food stored at refrigeration 
temperatures without apparent signs of spoilage. 

The species Y. enterocolitica is divided into six biotypes. The biotype 1A generally regarded as nonpathogenic and the 
pathogenic biotypes 1B, 2, 3, 4, 5 (Wauters et al, 1988). In France and most other countries worldwide, biotype 4 is the most 
prevalent biotype isolated from humans (69%), followed by biotype 2 (30%) and biotype 3 (Savin and Carniel, 2008). Genes 
involved in virulence have been characterized. Among them, the gene inv for invasive gene mediates cell invasion, the myf- 
gene encodes the production of fibrillae Myf and the yst-gene which encodes enterotoxin. 

Y. enterocolitica has frequently been isolated from animals, food and environment (Falcao et al., 2006). Pigs are considered 
the principal reservoir for human pathogenic strain of Y. enterocolitica. Pigs do not develop clinical signs, but they do carry 
Y. enterocolitica in their oral cavity, on tongues and tonsils, and in lymph nodes, and excrete this bacterium in their feces 
(Thibodeau et al., 1999).

It is assumed that the main sources of infection in humans are pig and pork products (Bottone, 1999; Gousia et al., 2011), 
however Y. enterocolitica have been found on other type of meat (Bonardi et al., 2010).

A one year survey, done on pig tonsils at slaughterhouse in 2010-2011 by our laboratory, estimated that 13.7% of the pigs 
carried Y. enterocolitica and that 74.3% of the pig batches contained at least one positive pig (Fondrevez, 2012). Most of the 
strains were of biotype 4. In this context we investigate the occurrence of Y. enterocolitica in the major meat species, pork, 
beef and poultry at retail level in France. The isolated stains were then screened for the presence of virulence genes. 

Material and Methods
Food samples
A total of 649 raw meat samples was collected at retail level in France during the year 2012. Samples were consisted in raw 
meat of pork (n=237), beef (n=210) and chicken (n= 202). All the samples were kept at 4°C during transport and during 
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storage before analysis. The analysis was done within 4 days after purchase. 

Microbiological analysis 
The presence of  Y. enterocolitica  in meat samples was assessed as follow: 25g of meat were  diluted 1:10 in peptone salt broth 
(AES chemunex) and homogenized in stomacher for 90s. One ml of this suspension was then placed in a tube containing 9 
ml irgasan–ticarcillin–potassium chlorate (ITC) broth (Bio-Rad, Marnes La Coquette, France).

The ITC enrichment broth was incubated for 48h at 25°C. Streaking was done on cefsulodin–irgasan–novobiocin (CIN) agar 
plates (Yersinia Selective Agar Base and Yersinia Selective Supplement, Oxoid, Basingstoke, UK).  

After 24h at 30°C, we checked for the presence of typical colonies on CIN plates. We then streaked a maximum of four 
characteristic colonies per sample on plates containing the Y. enterocolitica chromogenic medium (YeCM) (prepared in the 
laboratory as described by Weagant, 2008), for the presumptive selection of Y. enterocolitica isolates carrying pathogenic 
biotypes (red “bull’s-eye” colonies) and of Y. enterocolitica isolates carrying the biotype 1A (bleu-purple colonies). Each 
isolate was then subcultured on Plate Count Agar (PCA) plates (AES, Bruz, France) and incubated at 30°C for 24h for 
biochemical assays. The ability of isolate to degrade urea was used to confirm that the isolates belong to Yersinia. Strains were 
stored in peptone glycerol broth, at −80°C. 

DNA extraction and Real-Time PCR for detection of virulence genes
Real Time PCR was used to evaluate the presence of virulence genes inv, myfA and ystB. Strains were sub-cultured on 
PCA at 30°C for 24h. DNA was extracted from some colonies with QIAamp DNA mini kit (Qiagen, USA) following the 
manufacturer’s instructions. The PCRs were performed on a CFX96 Real-Time PCR Detection System (Bio-Rad, Hercules, 
California), in a final volume of 25μl with the Sybr® Green JumpstartTM Taq ReadyMix TM (Sigma-Aldrich, Saint Louis, 
Missouri) at 1X. The genes inv (Rasmussen et al., 1994), myfA (Kot and Trafny, 2004) and ystB were detected with specific 
primers as indicated in table 1. The final concentration of primers in the PCR reaction was 0.3 μM. The amplification 
conditions for each gene are detailed in Table 1.

Table 1: Primer sequences and PCR conditions for detection of virulence genes by Real-Time PCR

Genes Primer sequence First
step

Cycle of amplification Melt Curve Size
in bp

Expected
Tm

inv

F-CTG TGG GGA GAG TGG 
GGA AGT TTG G

R-GAA CTG CTT GAA TCC 
CTG AAA ACC G

94°C

2 min

34 cycles of

Denaturation 94°C 60 sec

Annealing 61°C 60 sec

Extension 72°C 30 sec

56°C -> 95°C,

increment of

0.5°C for 5 sec
570 87.5°C

myfA

F - CAG ATA CAC CTG CCT 
TCC ATC T

R- CTC GAC ATA TTC CTC 
AAC ACG C

94°C

2 min

35 cycles of

Denaturation 94°C 60 sec

Annealing 58°C 90 sec

Extension 72°C 90 sec

56°C -> 95°C,

increment of

0.5°C for 5 sec
272 84.5°C

ystB

F-AAA GCG TGC GAT ACT 
CAG AC

R-CAG CAT ACC TCA CAA 
CAC CA

95°C

5 min

34 cycles of

Denaturation 94°C 30 sec

Annealing 55°C 30 sec

Extension 72°C 30 sec

56°C -> 95°C,

increment of

0.5°C for 5 sec
68 79°C

Results
A total of 649 samples, including raw meat of pork, beef and chicken were obtained from different supermarkets in France. 
Of the 649 samples, 5.1% (32) were positive for Y. enterocolitica. Although the isolation methods of Y. enterocolitica was 
done by a method promoting the detection of pathogenic biotypes 1B, 2, 3, 4 and 5 (enrichment ITC and streaking on CIN), 
only strains carrying biotype 1A were isolated. The prevalence of this biotype in the different categories of meat was 5.2% for 
pork, 5.2% for beef and 5.9% for poultry meat (Table 2). 
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No significant difference in prevalence of Y. 
enterocolitica was observed between the three 
categories of fresh meat. Among pork meat sample, 
the tongues showed the highest prevalence (12.5%) 
followed by the minced meat (6.9%) (Table 3).The 
other pork meats like pork chop, fillet and roast were 
very little contaminated (2.1%). The occurrence of Y. 
enterocolitica in tongue was significantly higher than 
that of other pork meats (c2; p=0.05) but not of that 
of minced meat (c2; p=0.42).  

Because recent studies indicate that biotype 1A 
strains may have in their genomes genes known to 
play a role during disease, the strain were screened 
for the presence of virulence genes inv, myfA and 
ystB. The incidence of virulence genes detected in 
the three categories of meat is presented in table 4. 

Among the strains tested, only six lacked the 
virulence genes tested. The inv, myfA and ystB genes 
were detected with an incidence of 65%, 12% and 
71%, respectively. The inv, and ystB virulent genes 
were detected in the various categories of meat. Only 
two isolates from pork and two isolates from chicken 
carried the gene myfA. This gene is not detected in 
isolates obtained from beef meat.

Discussion
In the present work, Y. enterocolitica were detected 
in the three main category of meat. The prevalence 
was about 5% to 6% for raw pork, poultry and beef 
meat. This prevalence was lower than that observed in Italy by Bonardi  et al. (2010) which detected  a contamination 
rate of 15.2% for raw pork meat and 32.5% for chicken meat. In our study, tongues of pork were highly contaminated 
by Y. enterocolitica (12.5%) compared to other type of meat. This is coherent with the carriage of Y. enterocolitica by pig 
for which Y. enterocolitica is particularly present in their oral cavity (Thibodeau et al., 1999). The great majority of Y. 
enterocolitica isolates from food product belongs to biotype 1A (Bonardi et al., 2010), which is in agreement with our 
results. Indeed, none Y. enterocolitia carrying enteropathogenic biotype were detected in the present study although the 
isolation methods used promote the detection of pathogenic biotypes. Like previous studies (Bonardi et al., 2010; Falcao 
et al., 2006; Grant et al., 1998), the predominant genotype for virulent genes was inv+ and ystB+. The presence of ystB is 
strongly related to the clinical biotype 1A (Grant et al., 1998) and is found in 71% of our isolates. The presence of the three 
genes ystB, inv and myfA for some of our strains reveals that these strains can be potentially pathogenic for humans. 
 
Conclusion
Our study indicates that consumption of meat from pork, beef or poultry presents a low risk of Y. enterocolitia for humans. 
Indeed, the prevalence of Y. enterocolitia is low and strains carried the biotype 1A considered as non-pathogenic for 
humans. However, some of these strains have several genes associated with pathogenicity especially the ystB gene often 
associated with clinical cases with this biotype. This risk should not be ignored.
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3

5

3
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Categories 
of meat

n° of 
strains

Virulence genes

inv myfA ystB

number % number % number %

Pork

Beef

Poultry

11

11

12

6

8

8

55

72

67

2
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Abstract
The purpose of the study was to determine the prevalence and antimicrobial susceptibility of Salmonella, Campylobacter 
and generic E. coli (commensal bacteria which may harbor antimicrobial resistance genes) from swine feces collected over 
one year from the top three swine producing states (Iowa, North Carolina, and Minnesota), which represent 51% of the 
total pig crop in the U.S, plus Ohio. The prevalence of Salmonella (n=462/4426), Campylobacter (n=994/1184) and E. coli 
(n=833/845) at the sample level was 10.4%, 98.6% and 83.6%, respectively.  Overall, the top three Salmonella serotypes were 
Typhimurium (42%), Derby (25%) and Adelaide (5%) while C. coli was the predominant Campylobacter species. Salmonella 
serotypes varied by barn within state and strain differences within serotypes by antibiogram and pulsotype were observed. In 
general, Salmonella were most often resistant to Tetracycline (76%), Sulfisoxazole (59%), and Streptomycin (55%); however, 
serotype variation occurred.  E. coli was most often resistant to Tetracycline (89%) and the Sulfonamides (33%); C. coli were 
most often resistant to Tetracycline (87%), Erythromycin (43%) and Azithromycin (43%).  Less than 5.8% of E. coli and 
5.6% of Salmonella were resistant to Ceftriaxone, a clinically important antimicrobial. Seasonal variations by serotype and 
resistance were observed.

Introduction
Foodborne illness is a global problem and foodborne infections with Salmonella and Campylobacter continue to be problematic 
in the Unites States with 1.03 million and 0.8 million, respectively episodes of foodborne illnesses a year (1).  Collectively, 
foodborne illness costs in the U.S. are projected to be $152 billion per year (2). Although gastroenteritis associated with 
foodborne infections often resolves without treatment, the development of antimicrobial resistance to clinically important 
antimicrobials remains a significant concern when treatment is indicated (3).  Antimicrobials are important for use in both 
human and food animal production. 

Studies have been conducted to determine the prevalence and antimicrobial resistance of food borne pathogens in 
swine (4,5,6).  The purpose of the study was to determine the prevalence and antimicrobial susceptibility of Salmonella, 
Campylobacter and generic E. coli (commensal bacteria which may harbor antimicrobial resistance genes) from swine feces 
collected over one year from the top three swine producing states (Iowa, North Carolina, and Minnesota), which represent 
51% of the total pig crop in the U.S, plus Ohio.

Material and Methods
Using recent projections from USDA NASS (7), operations with more than 5,000 head accounted for 61.1% of the total hog 
and pig inventory (projected at approximately 68 million pigs) in 2008 with the ten largest states (Iowa, North Carolina, 
Minnesota, Illinois, Indiana, Nebraska, Missouri, Oklahoma, Ohio, and Kansas) accounting for over 85% of this inventory. 
Therefore, we started initial sampling in the top three states, Iowa, North Carolina, and Minnesota which represented 51% of 
the total swine inventory. Based on National Animal Health Monitoring System Swine 2006 projections of 7.2% Salmonella 
prevalence on-farm (8), the expected total number of Salmonella isolates recovered were projected to equal approximately 
324 which exceeded our target number of 300 Salmonella isolates. 

Up to 30 fresh fecal samples were collected per barn pen floor from a total of 148 barns across all states (n=4,426 samples 
collected from a majority of 1-2 pens/barn) (Table 1); collections were divided by season. Ohio was included to represent 
smaller operations and contributed 3 barns per quarter (12 barns total).

Salmonella, E. coli and Campylobacter were isolated using standard culture methods. Antimicrobial susceptibility testing 
was determined using broth microdilution (Sensititer, Trek Diagnostic System, ThermoFisher Scientific Inc., Cleveland, OH) 
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and a custom panel of 15 antimicrobial agents according to manufacturer’s directions.  Resistance was determined using 
CLSI interpretive standards (9,10).

Molecular subtyping was determined using pulsed field gel electrophoresis (11).

Results
The prevalence of Salmonella (n=462/4426), Campylobacter 
(n=994/1184) and E. coli (n=833/845) at the sample level 
was 10.4%, 98.6% and 83.6%, respectively.  Overall, the top 
three Salmonella serotypes were Typhimurium (42%), Derby 
(25%) and Adelaide (5%).  Serotypes by state are shown in 
Table 2. 

Salmonella serotypes varied by barn within state and strain 
differences within serotypes by antibiogram and pulsotype 
were observed. In general, Salmonella were most often 
resistant to Tetracycline (76%), Sulfisoxazole (59%), and 
Streptomycin (55%); however, serotype variation occurred.  
Seasonal variations by serotype and resistance were observed.

C. coli was the predominant Campylobacter species which 
were most often resistant to Tetracycline (87%), Erythromycin 
(43%) and Azithromycin (43%).  E. coli was most often 
resistant to Tetracycline (89%) and the Sulfonamides (33%). 
Less than 5.8% of E. coli and 5.6% of Salmonella were 
resistant to Ceftriaxone, a clinically important antimicrobial. 

Discussion
The prevalence of Salmonella was 10.4% based on a recovery 
of 462 positive samples from 4,426 submitted samples.  Of 
the 462 positive samples, 2 serotypes were recovered from 
19 samples yielding 481 isolates.  It is interesting to note the 
distribution of serotypes across states in Table 2.  With the 
exception of the top two serotypes and Infantis and Anatum 
which are recovered from three states, no other serotype is 
recovered in more than two states.  

It is also interesting to note that there is considerable 
within serotype diversity with respect to within barn 
recovery by state (data not shown).  This may be 
attributed to the movement of pigs themselves which 
carry different bacterial flora or the transmission of 
bacteria by other means.  Further diversity within 
serotype is also noted with respect to acquisition of 
resistance as some phenotypes exhibit more resistance 
(Typhimurium) while others tend to exhibit little or 
no resistance or resistance primarily to the historical 
antimicrobials (streptomycin, sulfas, tetracycline) 
(Derby) (data not shown).  Although seasonal 
variation in both prevalence and resistance would not 
be unexpected, the effect on serotypes and subsequent 
impact on resistance should be monitored.

Campylobacter coli is not typically associated with 
human illness.  However, since Erythromycin is a drug 
of choice in human medicine continued surveillance 
is warranted in addition to the emerging resistance to 

Table 1. Number of barns sampled per site.

Sept. - Jan. Feb. - April May - July Aug. - Sept. Total 

A 12 12 12 12 48 

B 12 10 14 12 48 

C 5 2 4 4 15 

D 6 10 10 11 37 

Table 2. Salmonella serotypes by state

Serotypes A
n=181 

B 
n=137 

C 
n=21 

D 
n=142 

Total 
n=481 

Typhimurium, I 4, 5, 
12 : i : -, or Albert* 89 57 9 46 201 

Derby 15 71 1 33 120 

Adelaide 0 0 2 23 25 

Worthington 19 0 0 2 21 

Infantis 11 0 1 5 17 

Mbandaka 15 0 0 0 15 

Alachua 0 0 0 11 11 

Anatum 1 0 3 4 8 

Rissen* 8 0 0 0 8 

Johannesburg 0 0 0 8 8 

*serotyping was done by using the SMART molecular PCR 
developed in our laboratory which does not differentiate 
between Typhiumurium, I 4,5,12 :i :-, or Albert ; Rissen was 
confirmed by PFGE

Figure 1. Seasonal variation in antimicrobial resistance in all 
Salmonella spp. from state D (n=142)
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Ceftriaxone, the quinolone Nalidixic Acid, and fluoroquinolone Ciprofloxacin in E. coli and Salmonella.

Conclusion
Further characterization of persistent versus non-persistent bacterial strains including those that readily acquire resistance 
more than others may offer areas for development of mitigation strategies.  

Acknowledgements
The authors gratefully acknowledge the technical support of all the laboratory staff without whom this work could not have 
been completed.

Funding
This work was partially funded through an interagency agreement with the Food and Drug Administration though the 
USDA-ARS as well as through the National Pork Board Research Program.

References
1. Scallan E., Hoekstra R.M., Angulo F.J., Tauxe R.V., Widdowson M.A., Roy S.L., Jones J.L., and Griffin P.M. 2011. 

Foodborne illness acquired in the United States--major pathogens. Emerging Infectious Diseases 17: 7-15.

2. Scharff, R.L., Health related costs from food borne illness in the United States. Available at http://www.producesafetyproject.
org/admin/assets/files/Health-Related-Foodborne-Illness-Costs-Report.pdf-1.pdf Accessed 18 June 2010

3. Lee, L. A., N. D. Puhr, E. K. Maloney, N. H. Bean, and R. V. Tauxe. Increase in antimicrobial-resistant Salmonella 
infections in the United States, 1989-1990. J. Infect Dis.170:128-134. 1994.

4. Haley, C.A., Dargatz, D.A., Bush, E.J., Erdman, M.M., and  Fedorka-Cray, P.J. 2012. Salmonella prevalence and 
antimicrobial susceptibility from the National Animal Health Monitoring System swine 2000 and 2006 studies. Journal 
of Food Protection. 75(3):428-436. 

5. Gebreyes, W.A., Thakur, S., Morrow, W.E. 2006. Comparison of prevalence, antimicrobial resistance, and occurrence 
of multi-drug-resistant Salmonella in antimicrobial-free and conventional pig production..  Journal of Food Protetion.  
69(4):743-748.

6. Tadesse, D.A., Bahnson, P.B., Funk, J.A., Thjakus, S., Morrow, W.W., Wittum, T., Degraves, F., Rajala-Schultz, P., Gebreyes, 
W. 2011. Food borne Pathogens and Disease. Prevalence and antimicrobial resistance profiles of Campylobacter spp. 
isolated from conventional and antimicrobial-free swine production systens from difference U.S. regions. Food borne 
Pathogens and Disease. 8(3):367-374.

7. USDA NASS. Overview of the U.S. Hog Industry. Available at http://usda.mannlib.cornell.edu/usda/current/hogview/
hogview-10-30-2009.pdf. Accessed 28 July 2010.

8. USDA NAHMS Swine Info Sheet. Avialable at http://nahms.aphis.usda.gov/swine/swine2006/Swine2006_salmonella_
infosheet.pdf. Accessed 28 July 2010.

9. CLSI. Performance Standards for Antimicrobial Susceptibility Testing; Twenty-first Informational Supplement. CLSI 
Document M100-S21. Clinical and Laboratory Standards Institute 2013. 

10. United States Department of Agriculture. National Antimicrobial Resistance Monitoring System for Enteric Bacteria 
(NARMS): Animal Arm Annual Report. Washington DC. 2009. United States Food and Drug Administration. 
NARMS excutive report. Rockville, MD 2009.

11. Ribot, E. M., M.A. Fair, R. Gautom. 2006. Standardization of pulsed-field gel electrophoresis protocols for the subtyping of 
Escherichia coli 0157:H7, Salmonella and Shigella for PulseNet.  Food borne Pathogens and Disease. 3:59-67.



Safepork 2013 Procedings  •  79

Development in with-in herd prevalence, between herd prevalence and 
carcass prevalence in Danish pigs and pork compared to number of 

attributable human cases from 1995 to 2012.

Dahl, J.
(1) Danish Agriculture and Food Council, Axeltorv 3, Copenhagen, Denmark
*corresponding author : jd@lf.dk

Abstract
The Danish Salmonella program for pigs and pork has been running for 20 years, and has resulted in a 90 % reduction of 
human cases attributed to Danish pork from 1993 to 2012 (Anonymous, 2013). The development in prevalence in breeding 
herds, sow herds, finisher herds and at carcass level was analysed as part of the ongoing preparations for the fifth Danish 
Salmonella plan for pigs and pork, which will be initiated from January 2014. 

Analyses of the serological surveillance of the prevalence in breeding herds showed an increase in positive herds from 25 % 
in 1998 to 50 % in 2012. The within-herd prevalence in positive breeding herds fluctuated between 3 and 6% seropositive 
samples (cut-off 40 OD%) with no clear pattern. 

Prevalence in sow herds could not be analysed directly, but two microbiological surveys in 1998 and 2008 showed an 
increase in positive sow herds.

The serological surveillance in finisher herds showed an initial decrease from 1995 to 1998. From 1998 the number of 
positive herds increased from 30 % to 65 %. Within herd prevalence in positive finisher herds fluctuated between 6 and 9 % 
(cut-off 40 OD%) with no clear pattern. 

The carcass surveillance program was initiated in 2001. The carcass prevalence on slaughterhouses affiliated with the 
Danish Agriculture and Food Council dropped from 1.7 % in 2001 to 1.2 % in 2010. In 2010 the sampling area per carcass 
was increased from 300 cm2 to 400 cm2, which coincided with an increase in carcass prevalence to 1.5 % for 2011 and 2012. 
The relative and absolute prevalence of Salmonella Typhimurium dropped from 0.8 % in 2001 to 0.4 % in 2012, consistent 
with the development in human cases attributed to pork, whereas the prevalence of Salmonella Derby increased from 0.2 
% to 0.4 %, making it more prevalent than Typhimurium in 2012. This increase has not been followed by an increase in the 
number of human cases of Derby, which remains low at around 5-10 cases each year. 

Overall the results indicate a steady increase in the number of positive herds in primary production. But improved hygiene 
in the slaughter house kept the carcass prevalence low, and the number of human cases attributed to Danish pork has 
remained at a low level since 2000 (Anonymous, 2013).  

Introduction
In the spring of 2013 the Danish Veterinary and Food Administration initiated an analysis of the results of the Danish 
Salmonella program for pigs and pork as part of the planning of the fifth Salmonella plan. The development in salmonella 
prevalence in breeding herds, sow herds, finisher herds and at carcass level was analysed using surveillance data from the 
ongoing program.   

Material and Methods
Breeding and multiplying herds
Ten blood samples are collected each month from 4-7 months old gilts on all Danish breeding and multiplying herds. The 
blood samples are analysed using the Danish Mix-ELISA (Mousing, 1997). 

The surveillance data were analysed in the period from 1996 to 2012. The cutoff for positive samples was OD% >40.

The data were analysed using a zero-inflated binomial model, as described by Stevenson (2005). The zero-inflated model 
can in one step handle overdispersion caused by excess zeros, due the existence of truly negative herds, and estimate the 
prevalence in positive herds. Herd effects were included by adding a herd effect as a random effect. 

Sow herds
Salmonella surveillance in Danish sow herds is risk based, and the results cannot be used for analyses over time. Instead 
two bacteriological screenings of sow herds from 1998 (Anonymous, 1999) and 2008 (Anonymous, 2009) were used to 
evaluate the progress. 
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Finisher herds
Serological results from the meat-juice Mix-ELISA (Mousing, 1997) from 1995 to 2012 were analysed using the same 
statistical model as for breeding and multiplying herds (Stevenson, 2005). 

The sampling frame was changed several times over the period. To standardise results over the years, only the first sample 
obtained per herd-month was used for the evaluation. The cut-off was OD% 40.

Carcass swabs
From 2001 to 2010 3*100 cm2 per carcass was swapped on 5 different, randomly chosen carcasses per day per 
slaughterhouse. The 5 swabs were analysed as one pooled sample. Individual carcass prevalences were estimated by 
dividing the pool prevalence by 3, following Sørensen (2007).

In 2011 swapping was extended to 4*100 cm2 per carcass to comply with EU-standards. Over the years, microbiological 
methodology has changed, and PCR-based methods have replaced standard microbiological methods. 

Results
Breeding and multiplying herds
After an initial drop from 1996 to 1998, the 
proportion of positive herds has increased from 
25 % in 1998 to 50 % in 2012. The within-herd 
prevalence has fluctuated over the years, with no 
clear trend (figure 1). 682 breeding and multiplying 
herds were active in the period. The number of 
herds active per year ranged from 208 to 354. The 
number of breeding and multiplying herds declined 
over the years, from 354 in 1999 to on average 220 
herds per year from 2007 to 2012.

Sow herds
A bacteriological screening based on fecal samples in 
1998 found at least one positive sample in 17 % of 
the sow herds. A screening in 2008 found at least one 
positive sample in 41 % of the sow herds. 

In 1998 the most frequent serotype was S. 
Typhimurium. In 2008 S. Typhimurium was found 
in 29 % of the herds, but Salmonella Derby was now 
just as frequent as S. Typhimurium.

Finisher herds
Figure 2 represent results from all herds (from 16000 
herds in 1995 to 5000 in 2012). After an initial drop 
from 1995 to 1998, the proportion of positive herds 
has doubled from 1998 to 2012 (figure 2). But the 
average prevalence in positive herds has been fairly 
constant over the period. 

Carcass prevalence
Figure 3 shows the carcass prevalence from 2001 to 
2012 from Danish slaughterhouses affiliated to the 
Danish Agriculture and Food Council (figure 3). 
From 2001 to 2010 the prevalence of salmonella positive carcasses dropped from 1.7 % to 1.2 %. In 2011, the swabbed area 
was extended from 3*100 cm2 to 4*400 cm2. The apparent prevalence increased to 1.7% the first year. 

Salmonella Typhimurium decreased from 0.8 % in 2001 to 0.4 % in 2012. In the same period Salmonella Derby increased, 
and exceeded the S. Typhimurium prevalence in 2012. 
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Figure 1. Development in proportion of positive breeding and 
multiplying herds and within-herd prevalence in positive herds 
from 1996 to 2012 in Denmark.  

0%

10%

20%

30%

40%

50%

60%

70%

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

Pr
oc

en
t

Positive herds

Prevalence in positive herds

Figure 2. Development in the proportion of positive finisher herds 
and with-in herd prevalence from 1995 to 2012 in Denmark.
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Discussion
The zero-inflated model showed a steady 
increase in the number of sero-positive 
breeding herds and finisher herds from 
1998 to 2012.

A more detailed analysis of data from 
1998 and 2012 showed that herd-size had 
increased considerably, and the proportion 
of specialized finisher herds had increased 
from 50 % in 1998 to 75 % 2012 (details 
not shown). 

The increase in positive herds could not 
be explained by the increase in herd size, 
but part of the increase could be attributed 
to the increase in specialized finisher 
herds. Specialized finisher production had 
a higher proportion of positive herds in 
both years compared to integrated herds (sow herds with production of finishers).

Focus in the Danish salmonella program in primary production has been on reducing high prevalence herds, based on the 
idea, that buying gilts, weaners and growers from high prevalence herds was more problematic than buying from medium 
to low prevalence herds. 

This allowed for a continued spread of infection from herd to herd. 

In 2010 the declaration system for breeding, multiplying herds and sow herds was changed to positive or negative status for 
each herd, making it easier for sow herds or finisher herds to get salmonella-free replacement animals. 

The increase in herd prevalence has not resulted in an increase in carcass prevalence and in human cases. Baptista (2010) 
showed that the association between herd prevalence and carcass prevalence is positive, although not very strong for large 
slaughterhouses. The improvement in slaughterhouse technology and hygiene more than compensated for the increase in 
salmonella prevalence in primary production.
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Abstract
Mycobacterium avium (MA) is considered a zoonotic hazard in pork. Herds delivered at slaughter showing gross lesions 
indicative of a mycobacterial infection, eg. specific abcesses in lymphoreticular tissue, were bacteriologically positive for MA. 

A risk factor analysis revealing different possible sources of primary infection was carried out at farms supplying these 
pigs. Also the common farrowing farm supplying the piglets to these farms was taken into account as a possible source of 
infection.

Intradermal tuberculin testing, serology and tissue sampling was carried out on the sows and finishing pigs.

Positive results in tuberculination, serology and bacteriology of pigs and bacteriology of environmental samples are 
presented. Intradermal tuberculination below the tail is compared with the standard procedure of testing behind the ear 
(lege artis). This new method of tuberculination is easier to perform.

Using relevant slaughterhouse information can be an effective tool to improve the control of food safety hazards in the pork 
production chain.

Introduction
Mycobacterium avium (MA) is considered a zoonotic hazard in pork (1,2) and can cause severe illness in immune-
compromised people and young children (3,4).

Known risk-factors for the infection of pigs with MA are feeding of contaminated peat, compost, sawdust/wood shavings 
and pests (5,6,7,8).

These infections can cause typical gross lesions eg. abcesses in lymphoreticular tissue (9). All slaughter pigs are subjected to 
post mortem meat inspection (PM) according to EU legislation (EU/854/2004) During PM specific attention has to be given 
to the presence of zoonotic agents such as mycobacterial infections. Traditionally the mandibular lymph nodes are cut and 
inspected. In risk based meat inspection MA serology is used (10,11,12).

Pig herds originating from different farms showed typical abscesses in the mesenteric lymph nodes, liver and spleen but 
sometimes also in the heart muscle, kidneys and lungs. 

Risk factor analysis showed two possible routes of contamination; 1) contamination of the animal’s drinking water and 2) 
contamination at the breeder farm because all piglets originated from the same breeder farm.

The objective of this study was to find out if an MA infection could be confirmed in the affected finishing pigs, on the finisher 
farms, on the breeder farm and in the sows. Additionally, this study also presents an evaluation of an alternative injection site 
for intradermal tuberculin testing.
 
Material and Methods
Breeder farm and finishing farms
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The breeder farm, located in the South of the Netherlands, holds 3000 clinically healthy sows in group housing and produces 
approximately 85.000 piglets a year. The farm operates under an integrated farm assurance scheme (Dutch IKB) and has 
a high level of biosecurity control (eg. full site pest control by a third party, no outside access for the animals, only GMP+  
certified feed is fed, all visitors must shower and dress in farm clothes before entering the farm etc.). The piglets are distributed 
around an age of 10 weeks to different fattening farms in Belgium.

The fattening farms are part of a cooperative group where all animals are fed from the same animal feed source. The different 
farms operate under an integrated farm assurance scheme (Belgian Codiplan plus) and have a high level of biosecurity 
control. The pigs are slaughtered at an age of 26 weeks in an abattoir in the Netherlands.

Environmental samples
On 2 finishing farms and the breeder farm environmental samples were collected. Drinking water, biofilm formation and 
debris in water and feed pipes, wood shavings and feed samples were collected. 

Intradermal skin test
To screen the sow herd for a possible MA infection, 1000 newly arrived gilts, 1700 multiparous sows and 500 piglets aged 
10 weeks or older were subjected to an intradermal tuberculin test at different visits within 2 months. The skin test was 
performed by administering 0.1 ml Avian Tuberculin PPD (25.000 I.U., ASG, Lelystad, The Netherlands) into the base of the 
ear using a McLintock pre-set syringe (Bar Knight, Glasgow, U.K). The reaction was read after 48 to 72 hours by inspecting 
the injection site for signs of swelling or redness.

To facilitate the skin testing procedure animals were restrained in individual pens making the injection site more accessible. 
To be able to assess if an alternative injection site would be effective we injected 900 animals both at the base of the ear as well 
as under the tail about 2 cm out of the median. 

Blood sample and tissue sample collection at slaughter
Three consignments of sows (total n=66), all individually identified, were sampled at slaughter. During bleeding blood 
samples were collected in 10 ml test tubes for serum collection using a coagulation inducer. After coagulation samples were 
stored and shipped at 4°C to the laboratory. The laboratory carried out the MA-ELISA (PrioCHECK® M. avium Ab porcine). 

A gross examination was carried out at PM giving special attention to both mandibular and mesenteric lymph nodes. Samples 
were collected and identified on the individual sow level to facilitate paired analysis.

Bacteriology and molecular detection by polymerase chain reaction
Samples were cultured as described by Komijn (1) and subsequently ZN positive colonies were further characterized at the 
species and subspecies level by real time polymerase chain reaction (PCR). Specific primers as described by Slana (13) for 
the detection of the specific insertion sequences IS1245, present in Mycobacterium avium subspecies avium (MAA) and 
Mycobacterium avium subspecies hominisuis (MAH) and IS901 present in MAA only, were used.

For the direct detection of MAA and/or MAH in tissue samples the same real time PCR was used as described above (13).   

Results/discussion
Fattening pigs
In 15 deliveries from 4 different finishing farms lesions in different organs and lymph nodes were detected indicative of a 
mycobacterial infection. Prevalence of these abnormalities ranged from 0.5% up to 8.5% within a herd. Bacteriology was 
performed on affected tissue and revealed the presence of MAA (Table 1).

Sows
At the breeder farm the 500 piglets and the 1000 gilts tested negative in the tuberculin skin test. Of the 1700 sows 139 animals 
tested positive in the tuberculin skin test.

In 66 sows delivered to slaughter no gross pathological lesions were detected during PM inspection, even though 25 animals 
showed a positive skin test and 29 showed a positive result in serology (Table 2).

Comparison of ear and tail tuberculin skin testing.
In 900 animals tested both at the base of the ear and under the tail, 32 showed positive reactions in both tests, 4 only in the ear, 
8 only under the tail and 856 tested negative (Table 3). This results in a very good agreement of both tests (Kappa= 0.835, CI 
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95% : 0.77-0.90 (14)) with good relative test characteristics 
for the alternative injection site compared to the base of the 
ear (SE=0.800, CI 95% : 0.68-0.92 SP=0.995, CI 95% : 0.989-
0.999).

Environmental samples
Environmental samples on one of the finishing farms as 
well as on the breeder farm showed presence of generic 
Mycobacteria, but preliminary analysis could not confirm 
these to be MA.

Conclusion
For the purpose of screening large herds intradermal skin 
testing under the tail is an effective method compared to 
testing at the ear base. This facilitates rapid administration 
when the animals can only be restrained in a way where the 
head is presented away from the person carrying out the 
test.

No Mycobacterium avium could be recovered from the 
environmental samples or from the sows. 

Results are indicative of an MA infection in the sows but 
this could not be proven conclusively at this stage. Further 
investigation is necessary. 

If an infection in the sows can be demonstrated the sources 
of infection have to be identified to successfully control the 
spread of MAA within the farm.

This case study show that when  information collected 
during post mortem inspection is fed back to the farm of 
origin, farmers and veterinarians can take corrective and 
preventive measures to control zoonotic infections and 
improve animal health.
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Farm Slaughtered Detected 
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Abstract
Listeria monocytogenes is a relevant food safety hazard in ready to eat products. Inactivation during processing, prevention 
of recontamination and control of multiplication are the main instruments to secure the safety of meat products. Intensive 
microbiological monitoring of products and the production environment are valuable tools to assess the level of control 
in a meat processing plant. During the course of a year all isolates found during hygiene monitoring at a meat processing 
plant were stored at -70 degrees Celsius. A total of 94 L. monocytogenes isolates have been analyzed by pulsed-field gel 
electrophoresis (PFGE) and were divided into 30 different types.

Some types were observed both in samples taken from the environment and machinery as well as on products, indicating 
cross contamination of the final product.  Two types could be identified at different moments during the year, indicating 
persistent contamination.

Processing equipment is  playing an important role in L. monocytogenes contamination of meat products because it was 
contaminated before the start of processing.

Good hygienic practices, effective cleaning and disinfection and hygienic design of machinery are important to control L. 
monocytogenes on meat products. Genotyping of harvested L. monocytogenes isolates is a valuable tool to review the status 
of hygiene control in processing of meat products. 

Introduction
Listeria monocytogenes is a relevant food safety hazard in ready-to-eat (RTE) products with potentially severe consequences 
(1,2,3). Preventing contamination of RTE products is therefore important. L. monocytogenes is an ubiquitous organism, 
also found in pigs and pork (4). Inactivation during pork processing, preventing recontamination and controlling the 
multiplication are therefore important points of an HACCP based quality system to assure the control of this hazard.

Food processing facilities can be contaminated with L. monocytogenes for long periods of time (5,6). Pulsed field gel 
electrophoresis (PFGE) has shown to be an effective tool to identify genetic relations of L. monocytogenes isolates recovered 
from food products and processing facilities (7,8). Genetic analysis shows some L. monocytogenes strains to be persistently 
present in a plant where other strains are not (5). Raw materials entering a meat product processing facility are a known 
source of environmental and product contamination (9,10). Complex processing machines, which are difficult to clean, are 
known to be the source of persistent contamination (8,11). 

The objective of this study was to find the source of contamination of RTE products in a meat processing plant by means of 
PFGE typing and to determine its effectiveness for hygienic control at a processing plant accordingly.

Material and Methods
Description of the processing plant
The processing plant produces RTE products like fermented products (e.g. salami type), cooked products (e.g. bologna 
type) and oven-heated pork products (e.g. meatballs). Raw materials are cut, minced and mixed in a designated area for raw 
material processing. These processed raw materials are either fermented or heat treated and taken to an area with higher 
hygiene status (“high care area”). Here the finished products are sliced and/or packed to be dispatched. Employees from either 
area are not allowed to come in contact with each other or to enter the other area to minimise risk of cross contamination.

Sampling and isolates of L. monocytogenes
According to the processing plant’s sampling plan as prescribed by their HACCP-based quality assurance system, RTE 
products are sampled on a weekly basis. Incoming raw materials as well as the production area (e.g. floor, drains) and 
processing equipment are sampled on a regular basis and sample collection was intensified after positive findings in the RTE 



Safepork 2013 Procedings  •  87

products. For RTE and raw materials the product itself (25 gram) was sampled. For environmental and equipment sampling 
swabs and sponges were used.

In total 1522 samples were taken; 635 from the environment and 887 from RTE and raw products. Isolation was done by 
plating on selective agars after a two-step selective enrichment (12). One single colony was selected and stored at -70 degrees 
Celsius resulting in the recovery of 94 isolates of L. monocytogenes in the course of 17 months. 

Pulsed field gel electrophoresis
Genetic relatedness of L. monocytogenes isolates was studied using PFGE analysis. Briefly, colonies were collected from 
blood agar plates and resuspended in TE buffer to an OD610 between 1.0 and 1.2. After addition of Lysozyme and incubation 
at 54 ºC proteinase K was added and agarose gel blocks were prepared by mixing the cell suspension with an equal volume 
of 1% low-melting point agarose. The plugs were incubated for 2 hours at 54ºC in cell lysis buffer (Tris, EDTA, 1% Sarcosyl, 
proteinase K solution). After incubation cell lysis mixture was removed and plugs were washed four times in TE buffer. 
Next, a slice of each plug was pre incubated with 200 µl of the restriction buffer. Subsequently, the DNA was digested by 
incubating the agarose plug in 200 µl restriction buffer containing 20 units AscI or 20 units of ApaI for 4 hours at 37ºC or 
30ºC respectively. Before electrophoresis, the plugs were rinsed and loaded on a 1% (w/v) PFGE certified agarose. 

Electrophoresis was performed using the CHEF-DR III system (Bio-Rad Laboratories). Agarose gels were run in 0.5 X TBE 
at 14ºC and 6 V/cm with an included angle of 120º. Pulse times varied from 4 to 40 sec over 19 hours. Agarose gels were 
stained with GelRed for 30 minutes and photographed.

Analysis and clustering of PFGE. 
DNA fingerprints were analyzed using the BioNumerics software package. Band matching was performed using the 
5% relative to max filtering criteria. Uncertain bands were excluded from the analysis. The similarity coefficients were 
calculated using the band-based DICE algorithm with a 1% band position tolerance window and 1% optimization. The 
unweighted pair-group method with arithmetic means (UPGMA) was used for clustering. Fingerprints were assigned to 
the same PFGE Pulsotype when similarity was 95% or higher and were based on the composite data of both AscI and ApaI 
restriction endonuclease patterns.

Results/Discussion
The 94 isolates were divided in 30 PFGE pulsotypes of which 6 formed clonal clusters (pulsotype 9, 11, 15, 19, 21and 22) 
based on 95% similarity and 24 were non related fingerprints (fig. 1 and Table1)  

Table 1. 

Fig 1. Clustering based on PFGE fingerprints from 94 L. monocytogenes isolates obtained by AscI and 
ApaI restriction endonuclease. Pulsotypes based on 95% similarity (---), Origin of the isolate and Product 
(♦) and or Environment (Δ) relatedness are indicated.
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Distribution of PFGE pulsotypes in 94 isolates of different origin collected in a meat processing plant.
Origin   n PFGE types
product   29  

 
RTE 25 8, 9(2), 11(13), 15, 19(4), 23, 26, 29, 30

raw material 4  12, 13, 16, 17, 
environment   65  

 
area 27 1, 2, 5, 6, 7, 9(2), 11, 18, 19(9), 20, 21(3), 22, 24, 25, 27, 28

machine 38 3, 4, 10, 11(28), 14, 15, 19(4), 22
Total   94  

Numbers in (Bold) indicate the frequency the PFGE types are found if found more than once.

Genetically identical PFGE 
pulsotypes in RTE products 
and in the processing area 
as well as the processing 
machines were found. This 
indicates cross contamination 
of RTE from the environment.

Only PFGE pulsotype 11 and 
19 are considered persistent 
when using the definition of 
persistent strains as described 
by Keto-Timonen (6), (Fig. 2).

This distribution of the PFGE 
pulsotypes according to the 
origin (Table 1) combined 
with  the occurrence in time 
(Fig. 2) suggests that PFGE 
pulsotype 11 was most likely 
originating from a persistent 
contamination of the processing machines. The machine was identified as a former unit used for altering the texture of 
cooked meat. After this machine was subjected to improved cleaning and disinfection procedures, including sterilizing the 
unit in an industrial steam cooker before each use, no L. monocytogenes could be recovered after intensive sampling.

PFGE pulsotype 19 appears to be persistently present both in the production environment and processing machines. 
Contamination of RTE could occur from either source further demonstrating the importance of good hygienic practices 
during food production.

The single PFGE pulsotypes from RTE and production area underline that also new introductions and contamination was 
occurring. 

Conclusion
Using PFGE for genotyping of L. monocytogenes isolates is a valuable tool to review the status of hygiene control in a 
meat processing facility. It can reveal important contamination pathways and point out main sources of L. monocytogenes 
contamination which are specific for the processing facility. This provides valuable insights for changing hygienic operating 
procedures to improve food safety control.  
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Abstract
The objectives of this study were to describe the Salmonella serovar distribution and to identify risk factors associated with 
serovar persistence in finisher pigs. A longitudinal study was conducted in 18 cohorts of pigs. Fecal culture and serotyp-
ing were conducted using standard methods. Among the 446 Salmonella isolates (total 187 pigs), there were 18 distinct 
serovars. The six most common serovars were S. Derby (47.3%), S. Agona (27.4%), S. Johannesburg (10.5%), S. Schwarzen-
grund (2.7%), S. Litchfield (2.5%) and S. Mbandaka (2.2%). Survival analysis techniques, Kaplan-Meier methods and Log 
rank test were used to estimate the duration of Salmonella shedding in days and test differences in shedding by site, sex, 
serovar and nursery and environment Salmonella status. Cox proportional hazard models, including a shared frailty for 
cohort, were used to analyze the effect of the risk factors (sex, site, nursery status, environment status, and cold exposure) 
on duration of Salmonella shedding. Overall, the Kaplan-Meier median duration of fecal Salmonella shedding was 28 days, 
and the maximum 112 days. The median duration of shedding in S. Derby was 28 days and 14 days for S. Agona and S. Jo-
hannesburg. There was a significant difference of duration of shedding among sites, nursery and environmental Salmonella 
status. Site and nursery status were significantly associated with Salmonella shedding. These preliminary results suggest 
that duration Salmonella shedding might depend on farm site or cohort level risk factors. 

Introduction
Salmonellosis remains a major foodborne disease threat to public health in the United States (CDC, 2010). Salmonella 
serovars have been recognized to have differential ability to cause illness in different species (e.g., host-adapted serovars 
such as Choleraesuis in swine, Typhi in humans and Gallinarum in poultry). There is further evidence that some serovars, 
although capable of zoonotic transmission, are more commonly associated with certain food animal species as compared 
to others (e.g., Derby in swine). Multiple Salmonella serovars can be isolated within an individual pig (Funk et al., 2000; 
Gebreyes et al., 2004), within groups of swine sampled at one point in time (Funk et al., 2001; Gebreyes et al., 2004; Rajic 
et al., 2005), within the same group of swine sampled at different ages/production stages (Funk et al., 2001); and across 
the same farms sampled over several years (Farzan et al., 2008).  Risk factors for persistence of serovars in swine have 
predominantly focused on environmental contamination or transmission from sows to litters (Funk and Gebreyes, 2004). 
Dorr et al. (2009) described differential distribution of Salmonella genotypes by ecological niches, finding persistence of 
some genotypes more common in the environment, while other genotypes were more commonly isolated from swine. A 
few genotypes were identified in both swine and environmental samples. These data suggest differential abilities, at least 
by genotype, for persistence in different swine associated ecological niches (Dorr et al., 2009). The objectives of this study 
were: (1) describe Salmonella serovar distribution in finishing swine; (2) compare persistence of Salmonella by serovar; (3) 
identify risk factors associated with Salmonella persistence. 

Material and Methods
The samples were collected from a longitudinal study of growing pigs in a multi-site farrow-to-finish production system (3 
finishing sites with 6 cohorts each, 18 cohorts total) located in the Midwestern, United States (Pires et al., 2012). Fifty in-
dividual pig fecal samples per cohort were collected and cultured every 2 weeks for 16 weeks (8 collections). Fecal samples 
were processed and cultured using standard methods described previously (Pires et al., 2012). Identification of serotypes 
was conducted according to Kauffmann-White scheme and was conducted by MSU Diagnostic Center for Population and 
Animal Health and NVSL. 
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Risk factors investigated in this study were: sex (male/female), site, exposure to cold, nursery status and environment 
Salmonella status (Pires et al., 2012). The cold exposure was defined as ordinal variable, number times that the pig was 
exposed to temperatures below the lower critical temperature of the thermal neutral zone (TNZ) in lag times 12h, 24h, 72h, 
1 week and 1 month prior the sampling. 

Statistical Analysis:
The relative proportion of serovars-specific to the type of sample was described. To determine measures of serovar per-
sistence on farm, time to event data (days of shedding) was calculated. For individual pigs, the duration of shedding for 
each new infection was defined as the interval between the sampling date of the first Salmonella-positive culture and the 
sampling date of the last positive culture for an individual pig; 7 days were added to the shedding duration to account for 
shedding during the half the sampling interval after the last positive culture with the same serovar.

The duration of Salmonella shedding (days) was analyzed using Stata (version11.0; StataCorp LP College Station, TX) 
using parametric Kaplan-Meier survival graphs and semi-parametric Cox proportional hazard models, handling ties with 
Breslow method. Kaplan –Meier graphs were used to visually assess the survival curves (by risk factor groups and the four 
major serovars). Testing the differences in survivor functions across groups (site, sex, nursery and environment Salmonella 
status) was evaluated using the Log-Rank test. Cox proportional hazard models, including a shared frailty (random effect 
to account within-cohort correlation among pigs) for cohort, were used to analyze the effect of the risk factors (sex, site, 
nursery status, environment status, and cold exposure) on duration of Salmonella shedding (non-specific to serovar, i.e., 
Salmonella spp, total 175 pigs). Results were considered statistically significant at p-value<0.05. Model diagnostics for the 
Cox models were based on Cox-Snell and Schoenfeld residuals. The event of interest was Salmonella negative (clearance 
of Salmonella), thus survival time was interpreted as the time period (days) a pig shed Salmonella. The hazard ratio was 
calculated for significant variables and interpreted as the higher the hazard ratio, the higher probability for clearance of the 
infection (the lower the hazard ratio, the higher probability of Salmonella shedding).

Results
Among the 446 Salmonella isolates (187 pigs total), there were 18 distinct serovars. The six most common serovars were S. 
Derby (47.3%), S. Agona (27.4%), S. Johannesburg (10.5%), S. Schwarzengrund (2.7%), S. Litchfield (2.5%) and S. Mban-
daka (2.2%) (Table 1). Estimation of shedding duration was determined by the 4 major serovars in the 151 pigs. Estimation 
of shedding duration was determined by site, sex and nursery and environment Salmonella status in 175 pigs. Overall, the 
Kaplan-Meier median duration of fecal Salmonella shedding was 28 days, and the maximum 112 days. The median dura-
tion of shedding in S. Derby was 28 days and 14 days for S. Agona, S. Johannesburg and S. Schwarzengrund. There was a 
significant difference of duration of shedding among sites, nursery and environment status but not among serovars or sex 
(p-value<0.05). 

The probability for clearance of Salmonella from cohorts with a high Salmonella nursery status (positive nursery pools 
greater than the mean) was 0.66 times lower (hazard risk = 0.65 ; 95% C.I. 0.44- 0.94) than pigs from cohorts with positive 
nursery pools equal to or lower than the mean. There was significant differences among sites; pigs from site C presented 
higher probability to clear the infection (shorter Salmonella shedding duration) compared to site A. However no difference 
was found between site A and B (hazard ratio = 0.99; 95% C.I. 0.68-1.47). Environment Salmonella status, gender  and cold 
exposure (12h, 24h, 48h, 72h, 1 week and 1month) were not significant predictors of shedding duration in final multivari-
able models. 

Discussion
A number of studies have described Salmonella prevalence and serovar distribution, mainly related to risk factor studies in 
finishing pigs (Funk et al., 2001; Gebreyes et al., 2004; Rajic et al., 2005); but a few have examined the duration of shedding 
and its association with risk factors. The four most common serovars found in this study have been reported in other stud-
ies in North America (Farzan et al., 2008; Funk et al., 2001; Gebreyes et al., 2004; Rajic et al., 2005). A significant difference 
was observed among sites despite belonging to the same production system and having an identical pig source, feed and 
overall management procedures. Variability in Salmonella prevalence among herds and within the same herd over time has 
been previously reported (Pires et al, 2013; Funk et al., 2001b; Rajic et al., 2005).  

There was a significant influence of nursery status (cohorts with positive nursery pools greater than the mean) on duration 
of fecal shedding. Pigs entering the finisher from these cohorts were exposed to Salmonella in the nursery and may have 
been shedding at arrival to the finishing barn. It seems that previous infection during the nursery increases the duration of 
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shedding. Future analysis should be 
conducted to assess the serovar-spe-
cific of nursery on Salmonella shed-
ding during the finishing phase.

In this preliminary analysis, cold ex-
posure did not affect the duration of 
shedding, as opposed to the previous 
findings on Salmonella prevalence 
(Pires et al., 2013). The variable cold 
exposure was considered time-con-
stant, future analysis should inves-
tigate if the effect varies along the 
finishing phase, since young pigs are 
more susceptible to cold stress. In ad-
dition, other thermal factors should 
be investigated such as exposure to 
heat index and to temperatures above 
the TNZ.

Conclusion
These results suggest that duration 
Salmonella shedding might de-
pend on farm site or cohort level 
risk factors. These are preliminary 
findings. Identification of risk factors 
associated with duration of shedding 
may allow more targeted interven-
tions to control Salmonella by eval-
uation of control measures not only 
for prevalence reduction, but also to 
decrease the duration of shedding 
once exposed.
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Abstract
The International Commission on Trichinellosis (ICT) provides science-based advice on the subject of Trichinella.  In May 
2013, the ICT held a workshop with the goal of developing recommendations on surveillance for Trichinella that could con-
tribute to classifying the public health risk of pork from defined compartments or regions.  This workshop was initiated based 
on discussions at the national and international levels regarding best practices for assuring pork safety relative to Trichinella.

A proposed revision of the OIE Terrestrial Animal Health Code Chapter on Trichinella provides guidance for establishing 
negligible risk for Trichinella in compartments that are audited for specific controlled management practices.  In Novem-
ber 2012, the Codex Alimentarius Committee on Food Hygiene requested that OIE consider an alternative approach for 
defining negligible risk, allowing surveillance to be used for verification in place of individual farm auditing.  Some Euro-
pean Union countries have already been approved for derogation from individual carcass testing based on documenting a 
low level of risk through animal testing.  These derogations are based on testing performed on pigs raised under controlled 
management conditions.

With the high quality of pig management in industrialized pork production systems, the availability of historical and contem-
porary testing data, and public health records demonstrating the rare occurrence of trichinellosis in many countries, popula-
tion-based surveillance programs might be a viable alternative to individual farm audits for verifying negligible risk status.  

Given the disparate nature of the various national and international standards for Trichinella control, and the lack of specific 
science-based guidance to document negligible risk through testing and other surveillance data, the recommendations pro-
vided by the ICT should form the basis for future decisions on establishing risk categories for pork relative to Trichinella.

Workshop Report
A total of 15 participants attended the workshop.  Nine participants were elected members of the International Commis-
sion on Trichinellosis, including the current and immediate-past presidents.  Other participants were selected based on 
their knowledge of the global pork industry, epidemiology of animal diseases, diagnostic methods, statistical sampling 
protocols to document prevalence, and analysis of risk for transmission of foodborne disease.  The workshop attendees: 

Lis Alban, Danish Bacon and Meat Council (Denmark) 
Rafael Blasco (OECD-CRP representative)
Alvin Gajadhar, Canadian Food Inspection Agency (Canada) (co-organizer)
Ray Gamble, National Academy of Sciences (USA) (co-organizer)
Ian Gardner, University of Prince Edward Island (Canada)
Joke van der Giessen, National Institute of Public Health and the Environment (Netherlands) 
Steve Hathaway, Ministry of Agriculture and Forestry (New Zealand)
Dolores Hill, U.S. Department of Agriculture (USA)
Gillian Mylrea, World Animal Health Organization (OIE)
Karsten Noeckler, Federal Institute for Risk Assessment (Germany)
Sarah Parker, Canadian Food Inspection Agency (Canada)
Edoardo Pozio, Istituto Superiore di Sanita (Italy)
David Pyburn, U.S. Department of Agriculture (USA)
Pascal Boireau, Agency for Food, Environmental and Occupational Health Safety (France)
Isabelle Vallee, Agency for Food, Environmental and Occupational Health Safety (France)
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There were three objectives for this workshop: 1) to develop recommendations on the appropriate level of testing to assure 
safety of pork (relative to Trichinella) and to allow derogation from slaughter testing or further processing; 2) to develop 
recommendations for appropriate application of testing methods to meet objective 1; and 3) to define gaps in scientif-
ic knowledge that affect the best use of current surveillance tools.  These objectives were designed to result in a series of 
recommendations which could be used by the World Organization for Animal Health and the FAO Codex Alimentarius 
Commission in developing international requirements for food safety and trade.  These recommendations will assist in the 
revision and supplementation of comprehensive science based guidance from the International Commission on Trichinel-
losis, which is the definitive body on the subject of Trichinella and trichinellosis.  

The format of the workshop was divided into sections in which presentations from various subject matter experts would 
provide appropriate background knowledge such that consensus recommendations could be reached.  Specific points ad-
dressed in the presentations included:

•	 How to define the composition/characteristics of a population to be surveilled/tested?  
•	 How should testing/surveillance be structured (risk-based) and how might this vary by country/region?
•	 What are the appropriate tests to be used (minimum performance characteristics)?
•	 What statistical sampling protocols could be used to achieve acceptable levels of risk?

Given the importance of the outcome relative to guidance in food safety and trade, substantial time was allowed for discus-
sion and planning of how to proceed with formulation of final recommendations.  

Following an initial review of the objectives of the workshop, presentations were made on the following subjects:
•	 Overview of roles and responsibilities and current regulations/guidelines, and future directions for protection 

of public health relative to Trichinella in pork.
•	 Current and proposed standards of the World Organization for Animal Health (OIE) for mitigating risk of 

Trichinella infection in pork production systems.
•	 Current and proposed requirements of the Codex Alimentarius for mitigating public health risk of trichinellosis.
•	 Epidemiology of Trichinella in controlled and non-controlled management systems  
•	 Structure of pork production and marketing systems in developing countries as it pertains to new OIE and 

Codex regulations. 
•	 Structure of pork production systems in industrialized countries; status and risk of trichinellosis. 
•	 Defining populations of pigs that can be subjected to surveillance – animal ID, auditing, etc. 
•	 Surveillance tools for establishing prevalence data.
•	 Performance characteristics of the artificial digestion test and practical applications.
•	 Performance characteristics of the ELISA including new data on ELISA performance (ICT collaborative studies).
•	 Design elements for structuring risk-based surveillance. 
•	 Statistical sampling protocols for achieving acceptable levels of risk.

Discussion occurred during and after each presentation.  Following the conclusion of all presentations, workshop partic-
ipants discussed how to define acceptable levels of risk for controlled management systems and began to develop specific 
recommendations for surveillance program design and applications.  The group also identified gaps in knowledge regard-
ing testing systems that should be addressed. 

This workshop resulted in a consensus on several key principles for new recommendations on methods for verifying the in-
tegrity of a compartment of negligible risk for Trichinella in swine.  The workshop affirmed that swine that are not included 
in a negligible risk compartment as defined in the new OIE Animal Health Code Chapter on Trichinella should follow 
current ICT guidelines on control. The workshop developed the following general definitions:
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Negligible risk herd – Swine that are managed under conditions of biosecurity (as defined by the ICT in other rec-
ommendations) that minimize exposure to Trichinella.  Recognition of negligible risk for a herd is dependent on 
all animals being raised under these principles.

Negligible risk compartment – A compartment consisting of negligible risk herds in a management system.

Importantly, the group concluded that the status of a negligible risk compartment may be verified through an assurance 
program for maintenance of conditions of biosecurity.  Assurance may include, but not be limited to, a program of regular 
audits and/or swine testing/surveillance data.  It was also concluded that, where auditing is used to assure maintenance 
of conditions of biosecurity, there is adequate scientific justification that testing is not required within the negligible risk 
compartment, once established.  When surveillance is used to assure maintenance of conditions of biosecurity, the design 
prevalence for swine testing should be determined based on the intended purpose and swine testing should be performed 
using suitably standardized and validated digestion or serological methods.

Specific points where we identified gaps in scientific knowledge included the following: specific and detailed knowledge of 
the performance characteristics of digestion and ELISA tests; clarification of processes necessary to consider an audit valid; 
requirements for audit frequency; and, definition of competency standards for the auditors. 

This workshop addressed the assessment of best practices in the establishment and maintenance of compartments, regions, 
and countries where the achievement of a negligible health risk of trichinellosis can be documented.  By providing guid-
ance on implementation of scientifically defensible surveillance systems, the outcomes of this workshop will inform and 
guide national and international regulatory authorities (OIE/Codex), which in turn will result in 1) a reduction in the cost 
of assuring pork safety, 2) alleviating complex barriers in international trade, and 3) assure the consumer of a Trichinel-
la-free food chain.
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Abstract 
Management practices can play an important role in affecting animal health. Sub-clinically ill animals entering harvest 
can have pleural adhesions known as peel-outs. The focus of this study was to examine how these pleural adhesions can be 
associated with Salmonella and respiratory pathogens, as well as to get a national estimate of peel-outs. The results suggest 
pleural adhesions are not significantly associated with Salmonella or respiratory bacterial contamination.  
 
Introduction 
With increased scrutiny being placed on management practices such as housing and antibiotic usage, it has become more 
important than ever to study how changes in these practices can affect animal health. While clinically ill animals will not 
pass ante-mortem inspection, it is possible that animals with subclinical illness or lesions could pass inspection and be 
harvested. These animals could in turn be more likely to harbor pathogens that could cause food-borne illness, such as 
Salmonella. 

One possible source of contamination is what is referred to as a peel-out, or a pleural adhesion which does not allow for 
complete removal of the viscera. As a result, extra trimming is required. A previous study found that approximately 7% or 1 
in 15 carcasses had some degree of pleural adhesions, and carcasses with peel-outs were 90% more likely to be contaminat-
ed with Salmonella.1

To our knowledge, this is the only study conducted on peel-outs, and the findings were isolated to one plant. No studies 
have been conducted examining which pathogens are associated with peel-outs. The hypothesis is that Streptococcus suis, 
Pasteurella multocida, Actinobacillus pleuropneumoniae, Haemophilus parasuis, and Actinobacillus suis may be possible 
causes of peel-outs, as these pathogens are associated with pleuritis and respiratory illness. 

The objectives of this study are threefold: 1) estimate the prevalence of peel-outs across the country, 2) determine what 
common respiratory pig pathogens are more likely to be associated with peel-outs, and 3) determine if peel-outs are associ-
ated with an increase in food-borne pathogens (specifically Salmonella). 

Materials and Methods  
Sample Collection 
Six different slaughtering facilities were selected from different geographical areas. Two sets of samples were collected: lung 
samples immediately after evisceration and pleural swabs after the final trimming and before the final carcass wash. One 
person identified the cases and controls, and labeled with numbered tags or food-grade markers, depending on the individ-
ual plant’s preference. Selected carcasses were separated by at least 10-15 non-selected carcasses. Cases and controls were 
selected in random order to blind the person doing the pleural swabs.  On a separate sheet it was recorded if the carcass 
was a case or control, allowing for blinding during bacteriological analysis. The total number of carcasses, both cases and 
controls, were counted to determine peel-out frequency.  

A piece of lung measuring approximately 1-2 inches in diameter was taken for the lung collection. Scissors were dipped in 
alcohol or 180° water (depending on plant preference) and changed frequently.  Disposable gloves were worn throughout 
and also changed frequently. However, because the lung surface was seared before analysis, it was not necessary to change 
gloves and scissors after each sample was collected. 

For the pleural swab collection, 18 oz Whirl-Pak bags with Speci-Sponges were used. The sponges were hydrated with 10 
ml of buffered peptone water. After the final trimming and before the final carcass wash, both sides of the carcass were 
swabbed. Gloves were changed after each swab to prevent cross contamination. Both sets of samples were put on ice until 
analysis could be performed. 
 
Bacteriological Analysis  
Samples were submitted for bacteriological isolation at the Iowa State University College of Veterinary Medicine Veterinary 
Diagnostic Laboratory in Ames, IA. Lung and pleural swabs were initially set up on 5% sheep blood agar and incubated 
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aerobically with 10% CO2, as well as incubated anaerobically. Additionally, samples were streaked onto 4% bovine blood 
agar and Tergitol 7 and incubated aerobically without CO2. A Staph nurse colony was added to the sheep blood agar plate 
and 4% bovine blood agar plate. Plates were examined once a day for three two days. Typical Haemophilus parasuis, Ac-
tinobacillus pleuropneumoniae, Pasteurella multocida, Streptococcus suis, and Actinobacillus suis isolates were identified 
with biochemical testing, gram stain, and matrix-assisted laser desorption time of flight mass spectrometry. Additional 
bacterial populations were identified if they had significant growth. 

For Salmonella isolation, 100 ml of buffered peptone water (BPW) was homogenized in the Whirl-Pak bag with Spe-
ci-Sponge and incubated for 18hrs at 35°C). Subsequently 0.1 ml of BPW was transferred to 10 ml of Rappaport-Vassil-
iadis (RV) broth 
and incubated for 
18 hours at 42°C. 
Aliquots (10µl) 
of RV broth were 
streaked onto XLT4 
and Brilliant Green 
with Novobiocin 
agars.  Suspect colo-
nies were confirmed 
as Salmonella with 
biochemical analysis 
(lysine-iron agar, 
motility-indole-ly-
sine agar) and slide 
agglutination with 
polyvalent anti-O 
sera.

Statistical Analysis 
Data was analyzed 
using SAS© 9.2 
using two logistic 
regression models: 
a univariate model 
testing for Salmonel-
la contamination as 
a result of peel-outs, 
and a multivariate 
model testing for 
peel-outs as a result 
of bacterial contam-
ination. Three differ-
ent replicates were 
run: Trial 1, Trial 2, 
and both trials put 
together. Frequency 
counts and per-
centages were given 
for Salmonella and 
bacterial contam-
ination for both 
case and control 
carcasses (Table 1). 
The odds ratios, beta 
estimates, standard 

1Table 1. Frequency counts and percentages for Salmonella and bacterial contamination
Trial 1 Trial 2** Total

Lesioned 
carcass

Non-lesioned 
carcass

Lesioned 
carcass

Non-lesioned 
carcass

Lesioned 
carcass

Non-lesioned 
carcass

Salmonella 17 (5.28%) 13 (4.05%) 13 (6.50%) 8 (4.08%) 30 (5.75%) 21 (4.06%)
Streptococcus suis 71 (22.54%) 59 (19.09%) 52 (25%) 55 (27.23%) 123 (23.52%) 114 (22.31%)
Pasteurella  
multocida 32 (10.16%) 42 (13.60%) 14 (6.73%) 13 (6.44%) 46 (8.80%) 55 (10.76%)

Actinobacillus  
pleuropneumoniae 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Haemophilus  
parasuis 0 (0%) 1 (0.32%) 0 (0%) 0 (0%) 0 (0%) 1 (0.20%)

Actinobacillus  
suis 0 (0%) 1 (0.32%) 0 (0%) 0 (0%) 0 (0%) 1 (0.20%)

Table 2. Statistical analysis for Salmonella contamination
Salmonella contamination

Explanatory 
variable

Lesions

Response β SE OR 95% CI Chi-square p-value

0: non-lesioned carcasses 
1: lesioned carcasses

referent

Trial 1 0.2780 0.3772 1.321 (0.631-2.766) 0.5434 p=0.4610

Trial 2** 0.4908 0.4611 1.634 (0.662-4.033) 1.1333 p=0.2871

Total 0.3647 0.2915 1.440 (0.813-2.550) 1.5651 p=0.2109

Table 3. Statistical analysis for bacterial contamination* 
Peel-outs

Explanatory variable

Streptococcus suis

Response β SE OR 95% CI Chi-square p-value

0: negative
1: positive

referent

Trial 1 0.2329 0.1990 1.262 (0.855-1.864) 1.3706 p=0.2417

Trial 2** 0.0418 0.2301 1.043 (0.664-1.637) 0.0329 p=0.8560

Total 0.1520 0.1502 1.164 (0.867-1.563) 1.0245 p=0.3114

Pasteurella multocida
0: negative
1: positive

referent

Trial 1 -0.3545 0.2510 0.701 (0.429-1.147) 1.9960 p=0.1577

Trial 2** -0.0374 0.4067 0.963 (0.434-2.138) 0.0085 p=0.9267

Total -0.2643 0.2122 0.768 (0.507-1.164) 1.5521 p=0.2128

1 *Inadequate data for statistical analysis of Actinobacillus pleuropnuemoniae, Haemophilus parasuis, and Actinobacillus suis  
**Data collection still in progress                     
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errors, 95% confidence intervals, chi-square and p-values were also recorded for each model (Table 2 & 3). All results were 
pooled together.  

Results 
For the first sampling period, 643 carcasses were tested for Salmonella (322 cases and 321 controls) and 624 carcasses were 
tested for respiratory pathogens (315 cases and 309 controls.)  For the second sampling period, 396 carcasses were tested 
for Salmonella (200 cases and 196 controls) and 410 carcasses were tested for respiratory pathogens (208 cases and 202 
controls.) (The second sampling period is still ongoing.) The total number of carcasses tested for Salmonella to date is 1,039 
(522 cases and 517 controls) and for respiratory pathogens is 1,035 (523 cases and 511 controls.) (Some samples had to be 
discarded due to either misclassification, or the carcasses being railed off before the pleural swab collection.) The preva-
lence of peel-outs varied significantly between plants, with a range of 2.64%-28.39% for the first sampling period (average 
8.31%). The prevalence of peel-outs for the second sampling period varied from 4.08%-10.96% (average 7.82%). Overall, 
the prevalence of peel-outs varied from 2.64%-28.39%, with an average of 8.11%.  

Discussion 
Based on previous research, it was hypothesized that carcasses exhibiting peel-outs would be more likely to be contami-
nated with Salmonella, and that common respiratory pathogens would cause peel-outs. However, the data gathered does 
not support these hypotheses. While this study did have a significantly larger sample size than the previous study, we were 
only able to spend one day at each plant for each sampling period. Because bacteria counts and peel-out prevalence could 
vary from day to day, it would be beneficial if sampling was taken over multiple days. Also, it is possible that there are other 
respiratory pathogens that are more associated with peel-outs. Additional microbial testing could help answer this research 
question. 

Conclusions 
The data suggests that Salmonella contamination and respiratory pathogens are not highly associated with pleural adhe-
sions as previously thought. Because there is limited information in this area, further research is needed.  
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Efficacy of a Salmonella Typhimurium and Salmonella Choleraesuis  
experimental combination vaccine against S. Typhimurium challenge  

in growing pigs.

Jordan, D.*, Kaiser, T., Cline, G.
Boehringer Ingelheim Vetmedica Inc., St. Joseph MO, USA

Salmonella Typhimurium (ST) and Choleraesuis (SC) are primary pathogens in swine. The objective of this study was to 
evaluate the efficacy of an experimental vaccine containing two avirulent live cultures (ALC) of ST and SC administered in 
pigs to aid in the prevention of salmonellosis caused by a Salmonella Typhimurium (ST) challenge. Pigs (n=48) were ran-
domly assigned to one of two treatment groups: 1) placebo or 2) vaccinated. Pigs were administered either placebo or vaccine 
at 16-17 days of age through the drinking water with individual cup waterers. At four weeks post-vaccination, placebo-treat-
ed and vaccinated pigs were commingled and intranasally challenged with >10 logs of a virulent ST.  Clinical observations 
and fecal shedding of ST were assessed daily for ten days post-challenge. Surviving pigs were then euthanized, and intestines 
were scored for pathological lesions consistent with Salmonella infection. Pigs were considered affected with salmonellosis if 
the cecum, spiral colon, mesenteric or ileocecal lymph nodes had a non-zero macroscopic lesion score or if the pig died due 
to challenge. Prevented fraction (PF) analysis was utilized to evaluate prevention of salmonellosis, and mitigated fraction 
(MF) analysis was used to evaluate reduction of diarrhea and ST shedding. Vaccination reduced salmonellosis with a PF of 
53.3% (95% CI; 7.7, 80.7). Vaccination reduced the duration of diarrhea post-challenge with a MF of 75% (95% CI; 47.8, 
94.7). Although all pigs shed ST post-challenge, vaccination reduced the duration of shedding with a MF of 45% (95% CI; 
20.8, 72.2). In addition, body weight was measured to assess the impact of challenge on weight gain. Vaccination resulted 
in 2.42 kg heavier pig during the post-challenge period (P=0.0006). The data supports vaccination with a single dose of this 
ALC vaccine containing Salmonella Typhimurium and Salmonella Choleraesuis administered through the drinking water 
aids in the prevention of salmonellosis. 

Introduction
Salmonella enterica serovar Typhimurium (ST) and Salmonella Choleraesuis (SC) are identified as primary pathogens 

in swine. ST is a primary cause of enteritis and subclinical production losses in growing or finishing swine and contributes to 
environmental and carcass contamination. SC is a primary cause of septicemia, pneumonia and/or enterocolitis in growing 
pigs. The objective of this vaccination-challenge study was to evaluate the efficacy of an experimental combination vaccine 
composed of two avirulent live bacterial cultures (ALC) of ST and SC administered once to two-week-old pigs via the drink-
ing water as an aid in the prevention of salmonellosis caused by a virulent Salmonella Typhimurium challenge.

Materials and Methods
Sixty conventional, two-week old pigs originated from a herd without a history of clinical salmonellosis and without 

historical use of Salmonella vaccines were utilized in this study. Pigs were sourced from twelve litters and randomly assigned 
to each treatment group accordingly: one pig to the strict control group, and two pigs for each of the two treatment group 
(placebo and vaccine).  A description of the treatment groups is shown in Table 1. Baseline fecal samples and blood samples 
were collected for Salmonella culture and Salmonella serology (tested by IDEXX Salmonella ELISA). Fecal samples were 
required to be negative by enrichment culture for pigs to be included in the study. Weights were collected on D-1, D27 and 
D38. Pigs were individually offered the ST/SC vaccine or placebo in 60mL of drinking water per pig at 16-17 days of age 
(D0). During the vaccination phase each of the three groups were housed in separate rooms to avoid unintentional exposure 
to vaccine that may be shed in the feces by the vaccinated pigs. The twelve strict control pigs were included as cohorts to the 
study animals in order to monitor biosecurity and were not included in statistical comparisons. The strict control animals 
were necropsied on D27 of the study to evaluate overall health. Bacterial culture of the organs determined no prior Salmonel-
la colonization. Prior to challenge, the remaining pigs were re-penned and comingled so that vaccinated and placebo-treated 
pigs were both represented within rooms. 

On D28, the vaccinated and placebo treated pigs were challenged intranasally with 2mL of a virulent ST (>1010 CFU 
per dose)(1). For ten days, pigs were observed daily for clinical signs of salmonellosis. Feces were scored for the presence, 
severity, and duration of diarrhea; duration was assessed by the number of days elapsed from the first to the last positive 
observation. Necropsies were conducted ten days post-challenge (D38) or earlier in the event of severe disease and mortality. 
Blood was collected for serology and fecal samples were collected throughout the study to monitor shedding via direct and 
modified enrichment cultures (3). A pig was considered to be shedding ST if a fecal sample was positive for non-vaccine se-
rogroup B Salmonella post-challenge. Direct culturing was performed on fecal samples post-challenge and organs at necrop-
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sy with an approximate sensitivity of 150 colony forming units per gram (cfu/gram). Dilutions of fecal material were done for 
quantitative shedding. To determine an average cfu/gram of feces for the group, enrichment positive cultures were assigned 
the values of “1” and the lower limit of detection for direct cultures was determined to be 150 cfu/gram. Body weights were 
collected prior to vaccination, prior to challenge and at the scheduled necropsy; average daily gain (ADG) was calculated. A 
case definition was defined a priori to incorporate the major end point manifestations of salmonellosis: enterocolitis, lyph-
adenopathy and death. 

Preventive fractions with 95% CI were calculated as the complement of the risk ratio (StatXact 8.0). The 95% CI for the 
mitigated fractions were estimated using bootstrapping methods, stratifying by pen (SAS 9.2).  All hypothesis testing was 
conducted using an alpha level of 0.05 (SAS 9.2) and Least Square Means (LSM) are reported. Fisher’s exact test was utilized 
when appropriate to compare differences between treatment groups.  

Table 1: Study design table

Group N Treatment 
Day 0 (PO*)

Challenge Day 
28 (IN*) Necropsy Parameters evaluated

Placebo 24 Media > 1010 cfu/dose D 38 Clinical signs, average daily weight gain, diarrhea, fecal 
shedding, organ colonization, mortality, seroconversion, 
organ pathologyVaccinate 24 ST/SC > 1010 cfu/dose D 38

Strict  
Control 12 None n/a D 27 Fecal shedding, organ colonization, seroconversion, organ 

pathology
* PO=per os, IN=intranasal

Results
All pigs in the strict control group were negative for any indication of colonization by Salmonella. Four pigs in the pla-

cebo treated group either died or were euthanized due to resultant disease post-challenge. No vaccinated pigs succumbed 
to severe clinical disease due to the ST challenge. Fifty percent of vaccinated pigs did not develop diarrhea at all, and 21% 
of the vaccinated pigs exhibited diarrhea for a single day only. Significantly more placebo treated pigs (18 of 24) exhibited 
diarrhea for two or more consecutive days post challenge than did vaccinated pigs (7 of 24) (Fisher’s Exact test p=0.0117). 
The vaccinated group demon-
strated a significant reduction 
in the duration of diarrhea 
(p=<0.0001) from 8.05 days in 
the placebo group to 2.54 days 
in the vaccinated group (Miti-
gated Fraction of 75% (95% CI; 
47.8, 94.7)). 

Following vaccination 
and prior to challenge, no 
difference in ADG between 
the placebo and the vacci-
nated group was observed 
(ADG=0.43 kg in both groups). 
However, the vaccinated pigs 
exhibited significantly great-
er ADG (0.37 kg) compared 
to placebo treated pigs (0.15 
kg) during the post-challenge 
period (p=0.0006), resulting 
in, on average, a 2.42 kg heavi-
er vaccinated pig during the 
ten-day post-challenge period 
(p=0.0006). 

Blood was collected for 
serological testing for antibod-
ies against Salmonella using 
the IDEXX Salmonella ELISA 
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Figure 1: Bacterial counts of ST shedding in feces, reported as Log cfu/gram of feces 
over time. The line represents the detection limit for direct quantification at 150 
cfu/gram. Values at “0” represent those samples were positive only by enrichment 
culture. Points below the zero line represent samples that were negative by direct and 
enrichment culture for Salmonella. Mean values are denoted by circled crosses.
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prior to vaccination, challenge and necropsy. One pig in each of the placebo 
and strict control group was positive for Salmonella antibodies. On the day 
of challenge, all placebo and strict control pigs were negative for Salmonella 
antibodies and three of the twenty-four pigs (13%) were positive in the vac-
cinated group. At the time of necropsy, all vaccinates had seroconverted with 
Salmonella antibodies and twelve of the twenty (60%) remaining placebo 
pigs had seroconverted.

When considering the parameters included in the case study defini-
tion, 15 out of 24 placebo pigs (63%) met the case definition where as only 
7 of the 24 vaccinated pigs (29%) met the case definition. The reduction of 
disease due to ST in the vaccinated pigs was statistically significant (LSM 
difference p=0.0023, Preventive Fraction of 53.3% (95% CI; 7.7, 80.7)).

Post-challenge fecal samples were enumerated on D31, D32, D35 and D38 of the study. On the other days they were 
determined to be positive by direct or enrichment culture, or negative. As plotted in Figure 1 the vaccinated pigs had lower 
numbers of ST shed in the feces on each of the four days quantified. On D31 of the study, the amount of ST shed in the 
vaccinated pigs compared to the placebo treated pigs was reduced. As time continues the number of negative pigs in the 
vaccinate group increases while all of the remaining placebo pigs continue shedding through d38.

All placebo treated pigs shed the ST challenge strain for up to ten days (Table 2). Conversely, the vaccinated pigs had 
reduced shedding after D 31 on all but one day of the post-challenge period when compared to the placebo pigs. Vaccination 
reduced the duration of shedding of the ST challenge with a Mitigated Fraction of 45% (95% CI; 20.8, 72.2). 

Discussion
Post-challenge, four placebo treated pigs succumbed to challenge while all vaccinated pigs were protected from mortali-

ty. At necropsy, the placebo treated pigs had more frequent and more severe lesions suggestive of ST than the vaccinated pigs. 
Placebo treated pigs demonstrated significantly increased frequency and duration of diarrhea compared to the vaccinated 
pigs. Furthermore, there was a reduction in the amount of ST shed in the feces on three of the four days in which numbers of 
Salmonella shed was quantified. An important outcome to note is that even after a very high ST challenge, the incidence of 
fecal shedding by vaccinated pigs dropped to 71% within ten days while all of the placebo pigs continued to shed Salmonella 
at levels detectable by direct culture. If an infectious dose of Salmonella is considered to be at least 1000 cfu/gram (2), the 
incidence of shedding in the vaccinates after ten days drops to 8% for pigs shedding over 1000 cfu/gram, on average, while 
the placebo treated pigs had an incidence of 60%. Reduced shedding by vaccinates could reduce pathogen transmission, 
the number of subclinical salmonellosis cases, and improve pig performance. Additionally, a reduction in colonization and 
shedding may reduce Salmonella risk during lairage. 

Conclusion
Overall the vaccine significantly reduced clinical signs associated with salmonellosis including diarrhea and ST shed-

ding. Furthermore, the post-challenge weight gain was significantly improved in vaccinated pigs. This data is supportive that 
a single dose of this lyophilized avirulent live vaccine containing Salmonella Typhimurium and Salmonella Choleraesuis 
administered in drinking water aids in the prevention of salmonellosis.
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Table 2: Percentage of pigs with ST detected 
in feces by enrichment or direct culture

Group D29 D30 D31 D32 D33

Placebo 79 100 100 100 100
Vaccinates 46 88 100 96 71

Group D34 D35 D36 D37 D38
Placebo 100 100 100 100 100

Vaccinates 75 63 58 79 71
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Abstract 
The term livestock associated methicillin resistant Staphylococcus aureus (LA-MRSA) has been synonymous with sequence 
type ST398 since the identification of this lineage of MRSA in Holland. Subsequent research indicates broader genetic di-
versity of MRSA strains in swine, with MRSA variants belonging to MLST sequence type ST9, and ST5 also being reported 
in studies of swine in various countries. Unlike ST398, considered a novel sequence type, the ST5 lineage has long been 
associated with human MRSA infections, and particularly the USA100 group (defined by sma1 PFGE).  

We investigated the prevalence of S. aureus, and associated health events, in swine veterinarians in US and evaluate the 
genetic diversity of isolates using spa typing, MLST and PFGE. The ST398 and ST5 were the most prevalent spa types and 
60 (18%) of 325 MSSA isolates and 6 (19%) of 32 MRSA isolates detected were spa type t002 (ST5). Sma1 PFGE analysis 
of 23 isolates indicated that t002 isolates from the swine veterinarians were not clonal. Given previous reports of t002-ST5 
MRSA in North American pigs, our findings of diverse ST5 spa types as well as genetic diversity within spa type t002, 
suggest that S. aureus variants of the ST5 lineage may be livestock associated. These organisms need to be more broadly 
characterized to understand their potential implications for human health.

Introduction 
Livestock associated Staphylococcus aureus (LA-MRSA) has been deemed an emerging zoonotic pathogen in food animals, 
especially in pigs  (Voss et al. 2005). Among early studies, the first and most predominant LA-MRSA type was sequence 
type (ST) 398 in Europe and North America while ST 9 variants appear to be predominant in Asia (Lewis et al. 2008; Smith 
et al. 2009; Cui et al. 2009; Asai et al. 2012). Various genetic studies are revealed more genetic diversity in LA-MRSA using 
molecular epidemiologic characteristics. There is considerable evidence for pig-to-human transmission of ST398 in occu-
pationally exposed people (Garcia-Graells et al. 2012). 

Recently, ST5 MRSA, well known as most globally disseminated hospital associated MRSA lineages, has been identified 
from pigs, retail meat and farm workers in North America (Khanna et al. 2008; Frana et al. 2013).  The occurrence of ST5 
variants in swine is arguably more concerning than ST398 MRSA, which to date have had minimal public health impact 
despite high prevalence of exposure in people with livestock contact. 

The aim to this study was to compare ST5 MRSA and MSSA strains from US swine veterinarians using pulse-field gel 
electrophoresis (PFGE). The isolates were obtained as part of a longitudinal study of S. aureus nasal colonization in swine 
veterinarians. We postulated that a high degree of clonality among these isolates would suggest recent emergence of this 
lineage in the livestock sector, whereas greater diversity would suggest longer term association of ST5 with swine, or expo-
sures from other sources.

Materials and methods
In an ongoing longitudinal study, nasal swabs are being collected from 67 US swine veterinarians. Participants mail 
self-collected nasal swabs monthly to the laboratory, along with information on recent animal exposure and health events. 
The most prevalent MLST types of S. aureus isolated in the first 7 months of the study (July 2012 – January 2013) were 
ST398, ST5 and ST9, with ST398 and ST5 the most common among MRSA isolates. The veterinarians reside in 15 major 
swine producing states of the USA and typically interact with diverse swine populations in their work.

Pulsed-field gel electrophoresis (PFGE)
To evaluate the diversity of ST 5, the 23 ST5 S. aureus isolates (3 MRSA and 20 MSSA isolates) determined to be spa type 
t002 (the predominant spa type among ST5 isolates) PFGE was performed using the sma1 restriction enzyme (McDougal 
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et al. 2003). Visualized images were analyzed using BioNumerics software (Version 5.0) and PFGE types were defined using 
a similarity coefficient of 85% and USA 100 to USA 800 strains were included as references.  

Results
Overall in first 7 months of the longitudinal study, 60 (18.5%) of 325 MSSA isolates and 6 (18.8%) of 32 MRSA isolates 
detected were spa type t002 (ST5). Other ST5 MSSA spa types found included t045 (14), t062 (6), t570 (3) and t2049 (1). 
We purposively selected 23 of the t002_ST5 isolates to attempt to maximize diversity of isolates among months and partici-
pants.  For participants from whom t002-ST5 was isolated on more than one occasion, we sampled the first and last isolates 
available. 

PFGE analysis showed that the 23 t002-ST5 isolates from swine veterinarians were not uniform, and therefore unlikely 
to share a recent clonal relationship. Fifteen distinct pulsotypes were seen, and eight isolates were classified as USA100, a 
common pulsotype in human clinical infections.  Among participants with two MSSA isolates analyzed, PFGE patterns 
from one were exactly identical, while isolates from another individual participant showed only 85% similarity.  For one 
participant with multiple MRSA isolates, the PFGE patterns were identical although there was a 6-month interval between 
the sampling events.

Discussion
Recently, ST5 has been reported backyard-raised pigs in Michigan  (Gordoncillo et al. 2012)and from retail pork or pork 
farms in U.S  (Molla et al. 2012) and even pigs and pig farmers in Canada (Khanna et al. 2008). In a pilot study of S. aureus 
colonization of pigs on 2 farms in Minnesota (unpublished), we also found the predominant spa types to be t034 (ST398), 
and t002 (ST5), comprising 37% and 29% of isolates respectively (all MSSA). Originally ST 5 is a common hospital asso-
ciated MRSA type, mostly related to nosocomial infections. Although the isolates we analyzed were from human nasal 
swabs, our ongoing studies (unpublished) and a recent study from Holland (Verkade et al. 2013) suggest that most S. 
aureus isolates from swine veterinarians originate from occupational exposures. The diversity of PFGE types among these 
isolates, together with increasing reports of ST5 S. aureus from pigs in diverse locations suggest that this lineage may have 
a long association with swine rather than reflect a recent event of interspecies transmission.  Further evaluation of human 
and swine ST5 S. aureus, particularly with respect to the presence of virulence determinants, is required to evaluate the 
potential occupational health risk associated with these organisms. 

Conclusion
The presence of diversity in ST5 S. aureus isolates from swine veterinarians on PFGE suggests that ST5 MSSA and MRSA 
have colonized this population having a long association with pigs.  
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Abstract
Salmonella is, after Campylobacter, the most reported zoonotic pathogen in Europe. Pork meat is frequently incriminated 
in salmonellosis. However, asymptomatic carrying of Salmonella by pigs makes its detection difficult. Despite its tropical 
situation, pig industry of Reunion Island is also concerned by this public health burden.

Our epidemiological study aims to identify the pathways of contamination along the pig chain industry. Three Salmonella 
positive farms were followed from the farrowing to the pork cuts. At farm level, Salmonella excretion was detected by 
individual samples of feces at birth, farrowing, post-weaning and fattening. During slaughtering, samples were taken from 
pigs entering and from carcasses after polishing, splitting and chilling. Caeca and pork cuts were also collected. Environmental 
samples of water, food and environment at farm and at different stages before slaughtering and cutting of the day were taken.

Among the 900 analysed samples, 229 isolates were collected and divided into 42 pulsotypes and 12 serotypes. S. monovariant 
4,[5],12:i:-, S. Rissen, S. Typhimurium and S. Livingstone were predominant. Three different infection profiles were observed. 
At the nursing stage, piglets were Salmonella free. Infection occurred either after post-weaning (2/3) or during the fattening 
period (1/3). Truck and lairage are cross-contamination stages (100% are positive before pig loading). On the contrary, 
slaughterhouse is a decreasing contamination stage (equipment and pork cuts are Salmonella free). Farm surroundings play 
a major role in the reinfection of pigs like other animal productions.

This original investigation, made for the first time until now, give an accurate photography of Salmonella spreading along the chain.

Introduction 
Salmonella is one of the main zoonotic pathogens in Europe. Pork meat is frequently incriminated in salmonellosis. Despite 
being highly studied in poultry production, epidemiological data are missing concerning Salmonella contamination of pork 
meat in Reunion Island. Limiting Salmonella contamination is dependent on identifying the source and ways of dissemination 
of Salmonella transmission at each stage during production and during slaughtering. 

The aim of this study was to identify the pathways of contamination all along the chain industry of Reunion Island, from the 
farm to pork cuts. 

Material and Methods
Three farrow-to-finish farms, previously detected Salmonella positive, were selected for this project. Farms were selected 
from different geographical locations in Reunion Island and with different environmental characteristics and different 
general husbandry practices. They were monitored from farrowing to the pork cuts. Three sows and 5 piglets by sow were 
selected from one batch per farm. 

At farm level, Salmonella excretion was detected by individual samples of feces, after farrowing and throughout each growing 
stage. At slaughterhouse level, gauze swabs from pigs entering and from carcasses after polishing, splitting and chilling, 
caecal contents and pork cuts were sampled. Environmental samples were collected at both farm and slaughterhouse levels. 

They were collected at each visit in farms and all along the slaughtering and cutting process at the beginning of the day, before 
the slaughter of the followed pig batch.

Environmental and feces samples were pre-enriched in buffered peptone water (BPW) in 1:10 sample/broth ratio. Disinfectant 
neutralizer was added in BPW broth (1:10) for samples collected after cleaning and disinfection. Environmental swabs and 
socks were pre-enriched with 150 and 300 ml of BPW respectively. After incubation at 37°C for 18h ± 2h, one ml and 3 
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drops of BPW broth were inoculated respectively to 10 ml of Müller–Kauffmann Tetrathionate-Novobiocin broth (MKTTn) 
and on Modified Semisolid Rappaport Vassiliadis agar (MSRV) plate. Both were incubated respectively at 37°C for 24 h and 
41.5°C for 24-48h. Samples of feed were analysed as described previously. However, selective enrichment was done with 
MKTTn and Rappaport Vassiliadis Broth (RVB), incubated respectively at 37°C and 41.5°C for 24h. A loopful of selective 
enrichment in MKTTn or RVB was then streaked on Xylose-Lysine-Desoxycholate Agar (XLD) and Rambach Agar. MSRV 
plates with characteristic halo of migration were streaked onto XLD and Rambach agar. After 24h at 37°C, four typical 
colonies per sample (one per way if possible) were biochemically confirmed as Salmonella and serotyped according to the 
Kauffman-White scheme. 

Results

Amongst the 900 analyzed samples, 229 isolates have been collected. They were divided into 42 XbaI pulsotypes and 12 
serotypes: monovariant of Typhimurium 4,[5],12:i:- (72), Rissen (60), Typhimurium (32), Livingstone (25), Weltevreden 
(12), Derby (10), London (8), Senftenberg (3), Newport (3), Bredeney (1), Blockley (1) and Give (1). Some serotypes were 
predominant in some farms: 4,[5],12:i:- in farm A and B, Rissen in farm B and Typhimurium / Livingstone in farm C. 
Distribution of pulsotypes in farm B from farrowing to pork cuts is illustrated in Figure 1. 

Water, feed, cockroach and rodents samples return all negative.

Although floor of maternity and corridor were positive for Salmonella, neither sows nor piglets excreted Salmonella until 
the end of nursing (2/3).

Piglets started to excrete Salmonella a few weeks after the beginning of post-weaning. Pulsotypes were similar to the ones 
found in the room after cleaning and disinfection, and in corridor before the beginning of post-weaning stage (2/3). 

Afterwards, until the end of pig fattening, pulsotypes were identical to the ones previously found during post-weaning or 
in farm environment (including other animal productions). For one of the 3 farms, pigs were excreting Salmonella at a late 
fattening stage whereas, in the other ones, the number of contaminated pigs decreased during the fattening period 

Loading bay (2/3), truck (3/3) and lairage room at slaughterhouse (3/3) were contaminated with new pulsotypes. Before 
slaughtering and cutting, equipment and tools were negative except knives (1/3). However, this pulsotype was not detected 
in any other sample. At slaughterhouse, just prior to slaughter, pigs were carrying both previously detected pulsotypes and 
new ones. Some pulsotypes were detected from carcasses after polishing (3/14 for farm B) and after splitting (2/14 for farm 
B and 2/15 for farm C). However, all samples collected after splitting steps were negative. 

Discussion

All samples of water, feed, rodents and cockroaches were Salmonella negative. However, Salmonella has ever been isolated 
from same types of samples (Davies et al., 1997; Letellier et al., 1999) as well as in flies (Khalil et al., 1994), all collected from 
Salmonella positive farms. These findings may suggest that they play a role in the spread of Salmonella.

None of the sows and none of the piglets were shedding Salmonella during nursing. Kranker et al. (2003) showed that, 
although some sows were seropositive during nursing, none piglets were Salmonella positive. This finding suggests two 
explanations. The first one could be that sows play a minor role in Salmonella contamination of pigs during growing. And 
the second one that passive maternal immunity of sows may have protected pre-weaned pigs from Salmonella contamination 
(Wales et al., 2009). Moreover, maternal antibodies secreted in colostrum and milk could protect piglets against colonisation 
by different Salmonella serotypes (Funk et al., 2001). 

No piglets were excreted Salmonella before weaning and pulsotypes isolated from piglets and from residual infection were 
similar. These results confirm that horizontal transmission may be due to residual contaminations (Kranker et al., 2003; 
Wales et al., 2009). 

Contamination of pens in farms studied after cleaning and disinfection is not surprising. Several studies have shown that 
cleaning and disinfecting pig house is recognized as a challenge (Magistrali et al., 2008; Wales et al., 2009). Moreover, 
Salmonella can persist outside animals for days to months, and is able to adapt himself to host but also to farm environment 
(Berends et al., 1996).



Safepork 2013 Procedings  •  108

Salmonella was isolated from cleaned truck suggesting that procedures for cleaning and disinfecting was not enough efficient 
to eliminate Salmonella. Same findings were already shown by (Swanenburg et al., 2001). Lairage room was also positive 
before arrivals of pigs. Similar pulsotypes were isolated from truck and lairage room before loading and further on back 
of pigs, from carcasses after polishing and splitting and from caecal contents. This confirms that transport and lairage are 
important stages of cross-contamination (Magistrali et al., 2008; Bolton et al., 2013). No Salmonella was detected after 
splitting. This suggests that slaughter process reduce Salmonella contamination, notably after chilling. However, prevalence 
after this step could be underestimated, because a formation of an ice layer on the carcasses after chilling (Swanenburg et al., 
2001). Despite no pork meat were Salmonella positive, we cannot conclude that there is not a risk for consumer. 

Conclusion
This investigation allows us to identify sources of Salmonella contamination at production and slaughterhouse stage. However, 
characterisation of all isolates per samples could confirm ways of contamination highlighted or to identify new ones. Indeed, 
individuals may be infected simultaneously with different serotypes (Funk et al., 2001). MLVA on S. Typhimurium and S. 
4,[5],12,:i:- is in progress and will clarify the ways of contamination, indeed, the origin of some pulsotypes have not yet been 
identified.
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Figure 1: Distribution of Salmonella pulsotypes detected along the investigation in farm B from farrowing to pork cuts
C&D: Cleaning and disinfection. /: not done. -: negative sample. *: sampled after step indicated in the arrow. ±: sampled 
before step indicated in the arrow. Pulsotypes X03, X04, X05, X06, X07, X10, X12, X20 are S. 4,[5],12,:i:-; X15, X26, X28 and 
X29 are S. Typhimurium; X33 is S. Rissen; X42, X43 and X44 are S. Livingstone; X45 is S. Derby; X52 is S. London and X53 
is S. Bredeney. X06 (in bold) is a predominant pulsotype. X45 and X52 (underlined) are pulsotypes identified from truck and 
lairage room and detected on carcasses.
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Abstract
Salmonella is the second cause of foodborne diseases in France and pork products are regularly incriminated. For 
the implementation of control measures in farms, it is necessary to better understand the risks of infection of pigs by 
Salmonella at farms. Our epidemiological study aims to determine Salmonella prevalence of fattening pigs in Reunion 
Island, oversea territory of France, and the main risk indicators for pig infection. 

Fifty farms (farrow-to finish and multiplier) were randomly selected and visited 4 times: at slaughtered previous batch, 
after cleaning and disinfection, beginning and end of the fattening period for the studied batch. Pools of fresh faeces, gauze 
socks and gauze swabs were sampled to assess the bacteriological status of these pig farms. A questionnaire was submitted 
to farmers and analysed for the further identification of risk indicators.

Thirty-nine farms (78%IC95% [68.3-87.6]) were tested positive for Salmonella. High prevalence of Salmonella may be 
related to poor decontamination. S. 4,[5],12,:i:-, S. Livingstone, S. Weltevreden, S. Derby, S. Rissen, S. Typhimurium and S. 
Newport were the prominent serovars. 

Among the risk indicators identified, farm located in low altitude, with a low number of houses, where ceiling and 
natural service area were not cleaned and disinfected, and with ineffective pest control were identified as risk indicators of 
Salmonella shedding by fattening pigs. 

Introduction
Salmonellosis is one of the most important foodborne disease in many country, up to 95000 confirmed human cases in 
2011 was infected by Salmonella in Europe (EFSA, 2013). In industrialized countries, 15% of cases of salmonellosis have 
been associated to the consumption of pork products (Berends et al., 1998). The pig industry of Reunion Island, tropical 
island located in Indian Ocean, is also concerned by this public health burden. Despite the asymptomatic carriage of 
Salmonella by pigs, it’s necessary to understand the different ways of contamination of breeding pigs in order to limit the 
presence of Salmonella on carcasses at the slaughterhouse and to minimize the risk of transfer of Salmonella to humans. 
However, today, few data on Salmonella have been collected in pig in Reunion Island (Cardinale et al., 2010). Our 
epidemiological study aims to determine Salmonella prevalence of fattening pigs and identify the main risk indicators for 
pig infection in Reunion Island.

Materials and methods
Farms : Our study was carried out from January 2011 to August 2012 and involved 50 pig farms: 42 farrow-to-finish farms 
and 8 multiplier farms. These farms were selected randomly in membership of pork producers’ cooperative (CPPR) in 
Reunion Island. Farms with several different animal productions on the same site were included in this survey. The farm 
selection was also based on the owner’s willingness to cooperate. The sample size was calculated on the basis of a target 
assumed-herd-prevalence of 40% with an accuracy of 5% and 95% confidence limits (Cardinale et al., 2010).
 
Samples and data collection : Only one fattening pig batch (pigs born on the same week) was considered per farm. Each 
farm was visited four times. 
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The first visit was held at the end of the previous batch before slaughtering. The second visit occurred after cleaning and 
disinfection, just prior to new loading. The third and the fourth visits took place at the beginning and at the end (25 weeks 
of age) of the fattening period. Data concerning the farm and housing conditions, manure storage, drinking and feeding 
practices, pest control, cleaning and disinfection procedures, environmental circumstances as well as hygiene and health 
aspects were collected from a questionnaire administered by a single investigator to each farmer. At the first (previous 
batch), third (beginning of the fattening period) and fourth visits (end of the fattening period), samples consisted of 4 
pools of 20 fresh fecal samples and of soil surface using a pair of gauze socks. During the second visit, after cleaning and 
disinfection, walls were sampled using gauze swabs and soil surface using gauze socks.

Salmonella isolation and identification : Samples were pre-enriched in buffered peptone water (BPW) in 1:10 sample/
broth ratio. Disinfectant neutralizer was added in BPW broth (1:10) for samples collected after cleaning and disinfection. 
Environmental swabs and socks were pre-enriched with 150 and 300 ml of BPW respectively. After incubation at 37°C 
for 18h ± 2h, 1 ml and 3 drops of BPW broth were inoculated respectively to 10 ml of Müller–Kauffmann Tetrathionate-
Novobiocin broth (MKTTn) and on Modified Semisolid Rappaport Vassiliadis agar (MSRV) plate. Both were incubated 
respectively at 37°C for 24 h and 41.5°C for 24-48h. A loopful of selective enrichment in MKTTn was then streaked on 
Xylose-Lysine-Desoxycholate Agar (XLD) and Rambach Agar. MSRV plates with characteristic halo of migration were 
streaked onto XLD and Rambach agar. After 24h at 37°C, four typical colonies per sample (one per way if possible) were 
biochemically confirmed as Salmonella and serotyped according to the Kauffman-White scheme. 

Statistical analysis : The epidemiological unit of the study was the batch. The batch followed in this study was the one that 
was transferred from post-weaning room to the fattening room during the third visit. The batch was declared infected if at 
least one sample tested positive. The outcome variable was thus dichotomous (infected batch versus non-infected batch). A 
bivariate analysis related Salmonella status of the batch to each of the explanatory variables. The variables associated with 
Salmonella status of the batch were selected. All bilateral relationships between the possible explanatory variables were 
checked. For relationships between variables evidencing strong structural collinearity, one of the two variables of interest 
(the most related to the outcome variable) was chosen. 

Results
Salmonella shedding : Among the 50 farms, 39 (78%IC95% [68.3-87.6])were tested positive for Salmonella at the end of 
the fattening period. The bacterium was detected in 74%, 66% and 82% of the samples collected during the first, the 
second and the third visit. Among the eleven different Salmonella serotypes identified, the predominant serotypes were 
S. 4,[5],12,:i:- (28% of total herds), S. Livingstone (20%), S. Weltevreden (18%), S. Derby (12%), S. Rissen (10%), S. 
Typhimurium (10%), S. Newport (10%), S. Amsterdam (2%), S. Enteritidis (2%), S. Durban (2%) and S. Kisangani (2%).

Risk indicators : Fourteen risk indicators were identified (Table 1). The modality of the variables for which the number of 
positive farms is higher was identified as risk indicator for Salmonella infection of fattening pigs. These results have to be 
confirmed by logistic regression analysis.

Discussion
In our study, 78% of herds at the end of the fattening period were positive for Salmonella. Compared to results from 
previous studies in Europe, the prevalence is higher in Reunion Island. Indeed, in 2004 Beloeil et al. detected a pig herd 
Salmonella contamination around 36% in France. This difference could be explained by tropical climate (temperature and 
humidity) which is favorable for Salmonella growth and persistence. A prospective study, carried out by Cardinale et al. 
(2010), bring out a prevalence of Salmonella in farms around 60%, which is close to our result. 
The most predominant serotype was S. 4,[5],12,:i:-; monophasic emergent serotype often recovered from other studies 
concerning pigs (EFSA, 2013). S. Typhimurium, S. Weltevreden, S. Derby and S. Livingstone, had ever been identified in 
pigs in Reunion Island(Cardinale et al., 2010).

The risk of Salmonella infection of farms decreases when there are more than 3 pig houses in the farm; farmers with 
several houses probably dissociate the different stage of growing in different houses and limit then transmission between 
pig stages. The risk of Salmonella contamination of farms decreases when the farm was located higher than 600 meters 
above sea level; in altitude in Reunion Island, there are less animal productions which can limit Salmonella dissemination 
or Salmonella is sensitive to low temperatures and higher moisture. However, no association between farm density and 
Salmonella risk was found in the study of Benschop et al. (2008). But inactivation of Salmonella was observed with low 
temperature and increasing moisture (Villa-Rojas et al., 2013).
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Ebeling (1997) hypothesized that mice, 
poultry and pig could be contaminated 
by cockroach faeces where Salmonella 
is stable for years. Rodents can also 
introduce Salmonella and participate 
to maintain infection on farms. 
An effective pest control system is 
important; indeed, in Reunion Island, 
farms without disinsectization or only 
done by farmers have more risk to be 
contaminated by Salmonella.  
Cleaning and disinfection of ceiling 
and of the natural service area were 
associated with decreased risk of 
infection. However, it is surprising that 
there is no other practice associated 
with Salmonella infection. The low 
Salmonella prevalence in farms using 
trough in fattening room is contrary 
to risk factors identified by (van der 
Wolf et al., 1999). Farmers with trough 
gave wet feed; (Fablet et al., 2003) 
showed that dry feed enhanced the risk 
of Salmonella shedding compared to 
wet feed. Use of antibiotic treatment 
during post-weaning period seems to be 
protective against Salmonella infection 
in pigs. However, studies showed that 
preventive antibiotic treatment during 
fattening period could enhance the risk 
of Salmonella shedding(Rossel et al., 
2006).

Conclusion
These previous analysis allowed to 
identify risk indicators for Salmonella 
infection in fattening pigs in Reunion 
Island. Logistic multiple-regression 
analysis will confirm risk factors. 
PFGE on all isolates and MLVA on S. 
Typhimurium and S. 4,[5],12,:i:- is in 
progress and will highlight the potential 
sources of contamination. This survey 
will help to identify measures which 
could be applied in farm in order to 
decrease Salmonella prevalence in pig 
production in Reunion Island. 
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Table 1: Definition of risk indicators for Salmonella infection in fattening pig 
herds in Reunion Island
Definition  
of variables Level % of 

flocks
% of posi-
tive flocks p-value

General consideration
Frequency of entry 
in farm by day

1 to 2 48 92 0,020
≥3 30 63

Number of houses 1 40 91 0,014
2 26 81

≥3 12 50
Altitude <250m 32 94 0,048

250-600 24 75
>600 22 65

Number of sows by 
band

≤6 54 90 0,042
>6 34 60

Biosecurity
Disinsectization Not done  

or by farmer 74 84 0,015

By professional 12 33
Equipment lending Yes 36 91 0,050

No 42 67
Cleaning and disinfection
Natural service area Yes 10 50 0,043

No 69 87
Ceiling Yes 18 56 0,016

No 60 88
Gestation/service stage
Distribution feeding Automatic 12 55 0,043

Manual 66 85
Maternity stage
Material for feeder Plastic 34 64 0,036

Other 45 95
Post-weaning stage
Weighing  
distribution feed

Yes 34 65 0,037
No 44 92

Fattening stage
Container Trough 10 50 0,025

Feeder 68 85
Treatment
Injection method Only restraining 36 67 0,049

Other methods 42 91
Antibiotic treatment 
during post-weaning

Yes 2 25 0,029
No 76 83
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Abstract 
Zoonoses are a public health burden in France. The most predominant pathogens incriminated in TIAC are Salmonella spp. 
Campylobacter spp., and Listeria spp. The population of Reunion Island eats a lot of pork and poultry meats. One of the local 
cooking characteristic is the sausage 100% poultry or 100% pig. Actually, no similar study has been conducted in Reunion 
Island. We aimed to determine the health risk related to the consumption of this kind of products, through a transversal 
analysis, by identification and quantification of bacteria in pork and poultry sausages. Meat characteristics and sale practices 
associated with these three bacteria in outlets of Reunion Island were identified by a binomial regression. The microbiologi-
cal culture was carried out according to AFNOR methods.

Two hundred and three pork or poultry sausages were sampled randomly from 67 local distributors in Reunion Island. Sal-
monella enterica was detected in 11.87% (95% confidence interval: [7.80-17.32]) of sample and in 26.87% (CI 95% [17.11-
39.2]) of the outlets, with a most probable number count ranging from 6.00 bacteria per gram to 380 bacteria per gram. 
Salmonella serotypes isolated from pork or poultry sausage were S. Typhimurium (45.83 %), S. London (20.83 %), S. Derby 
(16.67 %), S. Newport (8.33 %), S. Blockley (4.17 %) and S. Weltevreden (4.17 %). We found that Salmonella spp. infection 
was positively associated with two things. The first one is the packaging for sausages (plastic or paper) and the second one is 
the fact that there is no fight against rodents. High surface areas of sale (> 250 m²) decrease the risk.

Only 4.48% of the outlets studied and 1.48% of sausages were contaminated with Campylobacter spp. Risk factors couldn’t be 
determined because of the low prevalence. 

Listeria spp. was isolated in 64.18% of the outlets studied and in 30.00% of sausages. Dirty clothes of restaurant employees 
increased risks of Listeria spp. contamination whereas the use of a disinfectant to clean the refrigerated displays decreased 
risks of contamination.

Introduction
Poultry and pigs breeding are very important in Reunion Island. Pork and poultry products should be protected from any 
bacteriological contamination to avoid risks for human infection . Contamination of pigs and poultry production by Salmo-
nella spp., Campylobacter spp. and Listeria spp. is a major public health burden and also an economic problem. It should be 
noted that Campylobacter spp. and Salmonella spp. are the main bacteria responsible for collective food-borne infections in 
industrialized countries. (EFSA., 2012).

One of the notable features of the local cooking  remains 100% pork  and 100% poultry sausages which are composed of lean, 
fat, but also skin. This last feature is not without consequence on the health risks associated with the consumption of this 
type of product since the skin is the headquarters of Salmonella spp., Campylobacter spp and Listeria spp and is being used 
for the manufacture of sausages (Chamber of Trades and Crafts, 2012). In Reunion Island, except bacteriological controls 
conducted on farms and in slaughterhouses, there is not enough available information about the impact of this bacterium in 
this type of food preparation on the consumers.
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This study aimed to determine the health risk related to the consumption of this kind of products, through a transversal 
analysis. We determine the presence Salmonella spp., Campylobacter spp. and Listeria spp. and the quantification of Sal-
monella spp. in pork and poultry sausages. Products’ characteristics and risk factors for sale practices associated with the 
Salmonella spp., Campylobacter spp., and Listeria spp. seroprevalence in outlets in Reunion Island were identified.

Material and Methods
Study sample
To obtain a representative and randomly sample, a random drawing on an exhaustive list was done. Our study included 67 
outlets (supermarkets, grocery trades and butcher shops) in Reunion Island. 

Data collection
In each outlet, we took 1 to 5 samples of different categories of sausages following availability (fresh, frozen or packed sausag-
es). For each outlet, data on manufacturing practices and conservation were collected from a questionnaire on the following 
topics: general characteristics, cleaning and disinfection procedures, staff hygiene, presence of rodents and other domestic 
animals and waste management. 

Microbiological analysis
On samples, we determined the presence and identification of Salmonella spp, Campylobacter spp and Listeria spp. After 
identification of Salmonella spp., the most probable number (MPN) technique was used to estimate microbial populations. 
For Salmonella spp. this whole procedure referred to the French AFNOR (French Agency of Standardization) procedure 
NF EN ISO 6579 which is the reference method. For Campylobacter spp. isolation and identification, procedure used the 
reference method NF EN ISO 11272-1. For Listeria spp. isolation and identification, procedure used the reference method 
NF EN ISO 11290-1. 

Data analysis
One outlet is declared infected by S. enterica subsp. enterica, Campylobacter spp., and Listeria spp. if at least one sausage 
sample is tested positive. Binomial regression was used to assess the relationship between explanatory variables and Salmo-
nella spp., Campylobacter spp. and Listeria spp. status of the outlet. The contribution of each factor to the model was tested 
with a likelihood-ratio χ² through a backward stepwise procedure. At the same time, the best parsimonious model was com-
pared to the full model by the Akaike information criterion.

Results
Sample description. In total, we investigated 67 outlets including 15 butchers shops, 4 butchers shops & grocery trades, 28 
supermarkets and 20 grocery trades. 

Salmonella spp. The global prevalence of pork sausage was 11.82% (CI 95% [7.80-17.32]). 26.87% (CI 95% [17.11-39.24]) 
of the outlets studied. The most prevalent serotypes isolated were Salmonella Typhimurium and Salmonella London. Pork 
sausages, smoked sausages, fresh sausages and butcher shops were more significant infected.

Average of quantity of Salmonella spp. per sample infected is 72.90 bacteria per gram (Min: 6.00 bacteria per gram; Max: 
380.00 bacteria per gram). Butcher shops associated with grocery trade shows a higher probable number than the others 
outlets.

The risk of outlet infection with Salmonella spp. was increased when sausages are sold in plastic bags (OR = 26.63; CI 95% 
[11.85 -752.55]) or in paper bags (OR = 9.00; CI 95% [1.59-171.89]). As well, no rodents control increased the risk of Salmo-
nella spp. infection (OR = 5.42; CI 95% [1.48-20.43]). However, high surface area sale (> 250 m²) decreased the risk (OR = 
0.99; CI 95% [0.98-0.99]). 

Campylobacter spp. Only 4.48% of the outlets studied and 1.48% of sausages were contaminated with Campylobacter spp. 
Risk factors couldn’t be determined because of the low prevalence. The results can be explained by the sensitivity of this bac-
terium to desiccation and cold treatment.

Listeria spp. Listeria spp. was isolated in 64.18% of the outlets studied and in 30.08% of sausages. Dirty clothes for restaurant 
employees (OR=1.96 ; CI 95% [1.01-3.79]) increased risks of Listeria contamination whereas the use of a disinfectant for 
cleaning of the refrigerated displays (OR=0.13 ; CI 95% [0.01-0.64]) decreased the risk of contamination.
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Discussion
Salmonella spp. This study is the first one achieved in Reunion Island. The most prevalent Salmonella serotype among out-
lets was Salmonella Typhimurium. This is the first serotype detected on humans (CNRSS., 2009). This Salmonella serotype 
was also isolated frequently from pigs (Cardinale et al., 2010) rearing in Reunion Island. Quantities of Salmonella identified 
using MPN method doesn’t exceed 1 100 bacteria per gram, which minimum concentration to cause infection non-typhoid 
Salmonella (Spricigo et al., 2008).

The fight against rodents is a major problem in Reunion Island. These rodents are known to be carriers of Salmonella spp. 
(Meerburg and Kijlstra, 2007; Meerburg, 2006) and represent a significant risk of transmission in outlets and in environment. In 
addition, paper or plastic packaging already contaminated, a cross-contaminated by a lack of personal hygiene (Norrung, 2000) 
or raw products sold in the refrigerated display next to the sausages are all possible hypotheses for the risk of contamination.

A bigger retail store could be related to the practical cleaning and disinfection. In addition, a bigger retail store limits the 
possibilities of cross-contamination because there is more space between products.

Campylobacter spp. The prevalence of Campylobacter spp. in outlets of Reunion Island is very low (1.48 %). This result is 
surprising since contamination of pork and poultry production is important (Henry et al., 2011). 

Listeria spp. In Reunion Island, prevalence of Listeria spp. is high (30.00 %), which can be explained by a good ability of 
Listeria spp. to withstand cold because it’s a psychrophilic bacteria (Rosset et al., 2002). The personal hygiene practices are 
very important because they can be the source of cross-contamination (Kahraman et al., 2010). Using a detergent to clean 
refrigerated displays can limit contamination or persistence of Listeria spp. in pork and poultry sausages. 

Conclusion
In view of the results of our study, there may be a health risk to the consumer, considering that some people consume these 
products slightly cooked. Hygiene practices are necessary and essential in the fight against Salmonella spp., Campylobacter 
spp., and Listeria spp. in each sector of pork and poultry. The Chamber of Trades and Crafts carried important work by pro-
posing guide to good practice, HACCP and to conduct an assessment of risks in the butchers. However, butchers and grocers 
are not sensitive to all these arguments and many efforts are still needed.
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Abstract
Intensive sampling of two swine farms in Minnesota was conducted to obtain basic information about the ecology and 
epidemiology of S. aureus in modern multiple site swine production.  The farms were selected by convenience, and two 
cohorts of animals were sampled in each system. Samples were collected from the nose, tonsils, feces, and skin of suck-
ling pigs, weaned pigs, and finishing pigs in each of two birth cohorts raised in each system, and from the same sites plus 
the vagina of sows nursing the selected piglets.  Highest prevalence of S. aureus was in nasal, tonsil and skin samples (59 
– 65%), and lowest prevalence (27%) was in vaginal samples from sows. No MRSA were detected on the farms. Diverse 
spa types of S. aureus were found on both farms and all age groups. The predominant spa types found belonged to MLST 
sequence type ST398, ST9, and ST5. S. aureus was also frequently detected in environmental samples, including air, and in 
people working on the farms. The 3 predominant spa types encountered (t034/ST398; t337/ST9; t002/ST5) have previously 
been identified as MRSA isolates of pigs in various international studies. The use of the term ‘livestock associated MRSA’ 
should be broadened to include certain variants belonging to the ST9 and ST5 sequence types (and likely others) rather 
than be synonymous with ST398 MRSA. 

Introduction 
Recognition of the common occurrence of livestock associated Staphylococcus aureus (LA-MRSA) in food animals has 
raised concerns about the potential occupational and public health risks associated with these organisms. Although there 
has now been extensive research into the occurrence of MRSA in many countries, there are remarkably few studies of 
generic S. aureus. We contend that understanding of the ecology and epidemiology of LA-MRSA cannot be achieved in a 
void of information about the parent organism, regardless of antimicrobial resistance status. That is, the ability to under-
stand the origins and implications of LA-MRSA in pigs is limited by lack of basic information about the ecology of Staphy-
lococcus aureus in pork production. 

Published studies in pigs have almost universally used nasal swabbing, which is the standard method (with or without pha-
ryngeal swabbing) for detecting S. aureus in humans. Environmental samples (such as dust) are effective for determining 
herd status for MRSA, but are of limited value for studying the ecology of an organism that is deemed to be normal flora in 
swine. There are reports of S. aureus being detected in various anatomical sites including sites of pigs including skin, tonsils 
feces, nose, arthritic joints and internal organs. However, there has been no systematic study comparing sampling protocols 
for detecting S. aureus in pigs. We conducted a pilot study of two production systems to obtain basic information about S. 
aureus prevalence in pigs, and the relative sensitivity of detection of S. aureus by anatomical site. Specific aims were to (a) 
compare the effect of sample site on detection of S. aureus in pigs and (b) compare S. aureus prevalence and spa types in 
sows, suckling pigs, weaned pigs and finishing pigs.

Materials and Methods
A longitudinal study was conducted in 2 independent pig production systems in Minnesota. Eligibility of farms for the 
study was limited only by production type, as we wanted to study farms using multiple site systems (breeding herd and 
growing pigs reared on separate sites) that predominate in the US industry. The farms were selected purposively based on 
willingness of the producers to participate. The core assumption in design of the project was that S. aureus is part of the 
normal flora of pigs, and expected prevalence in preferential sites of carriage should exceed 50%. In the absence of prior 
information, and given resource limitations, we chose to conduct detailed sampling (4 – 5 anatomical sites per animal) in 
a relatively small number of pigs per sampling event. Samples were collected from recently farrowed sows (n=12 spread 
through a room) and one piglet from each respective litter (n=12). Subsequent sampling of the same birth cohorts of pigs 
occurred 4 and 20 weeks later in the “nursery” (n=12) and “market-age” (n=12) phases of pig production, respectively. Two 
pig cohorts were sampled in each flow, with at least 6 months between cohorts. Swab samples were collected from the nose, 
tonsil, feces, and skin (axilla) of each pig (plus vagina in sows). 

Swabs were submitted to a double enrichment procedure using Mueller Hinton enrichment broth containing 6.5% NaCl, 
then Phenol red mannitol (PRM) broth with and without oxacillin (4mg/ml). Samples showing color change in PRM 
broths were and cultured on CNA agar and MRSA-selective plates. Putative S. aureus isolates were confirmed using the 
catalase and tube coagulase tests. Putative MRSA isolates were confirmed using PCR for mecA gene. DNA from each iso-
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late was extracted with 10mM Tris-HCl and Lysostaphan and stored at -20°C. All confirmed S. aureus isolates were sub-
typed using spa typing, and randomly selected isolates of all spa types were characterized using MLST following published 
methods. Spa types were determined using both the Ridom and egenomics systems, and MLST types were obtained from 
the website http://saureus.beta.mlst.net.

Results
A total of 542 S. aureus isolates were obtained in the study, none of which were MRSA. Prevalence differed among anatom-
ical sites (p <0.001), and was higher in nose (68%), skin (62%) and tonsil (62%) samples than in fecal (42%) and vaginal 
(27%) samples. Prevalence of positive pigs (at least one site positive) was similar (from 88% to 96%) in all age-groups (p = 
0.55). No MRSA were detected, but multiple spa types were detected in each system. Multiple spa types were also detected 
in many individual pigs, but there was no apparent association between spa type and anatomical location. Spa types t034 
(ST398), t337 (ST9) and t002 (ST5) were most common.  Spa type distributions were very similar between sows and their 
associated piglets, suggesting transmission from sow to offspring occurs commonly early after birth. Spa type patterns in 
growing pigs tended to vary between cohorts and farms

Discussion 
This study confirms that S. aureus can indeed be considered part of the normal flora of pigs, and that the upper respirato-
ry tract and skin are the sites where the bacteria can be most readily isolated. Vaginal colonization was common in sows, 
and colonization of piglets occurs early in life. Within farms, cohorts and even pigs, considerable diversity of spa types and 
sequence types was found. Interestingly, the most predominant sequence types (ST398, ST9, ST5) of the MSSA isolates 
detected on these two farms correspond with those reported most commonly in studies of MRSA in pigs. Since the ini-
tial detection of sequence type (ST) 398 MRSA in pigs in Europe,(Voss et al. 2005) research in other regions has revealed 
considerable genetic diversity among MRSA found in pigs. In particular, isolates of ST9 have been predominant in studies 
of swine in Asia,(Neela et al. 2009; Lo et al. 2012)  while ST5 appear to be common in North America.(Khanna et al. 2008; 
Molla et al. 2012; Smith et al. 2013; Frana et al. 2013) The occurrence of these same sequence types and spa types among 
MSSA in this small pilot study suggest that these lineages of S. aureus are likely to have a long evolutionary relationship 
with pig. We also suggest that the term livestock association MRSA should not be restricted to the ST398 lineage, and that 
some variants of ST9 and ST5 S. aureus should be included under this ‘umbrella’ term. 
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Abstract 
Patterns of detection of S. aureus are being evaluated in a longitudinal study of a cohort of 67 swine veterinarians in the 
USA. This report presents interim data from the initial period of the study. Overall, approximately 70% of sampling events 
yielded S. aureus in nasal swabs from veterinarians, and 8% yielded MRSA isolates. The majority of isolates belonged to 
ST398, ST9 and ST5 which together comprise the sequence types that have predominated among MRSA isolates from pigs 
in Europe, Asia and North America. Detection of S. aureus was negatively associated with time since pig contact. Patterns 
of colonization varied greatly among participants, with approximately one-fifth showing evidence of long term coloniza-
tion, while transient colonization was suggested for most participants  

Introduction 
Recognition of the common occurrence of livestock associated Staphylococcus aureus  (LA-MRSA) in food animals has 
raised concerns about the potential occupational and public health risks associated with these organisms. Since the initial 
detection of sequence type (ST) 398 MRSA in pigs in Europe,(Voss et al. 2005) more extensive research has revealed greater 
genetic diversity among MRSA found in pigs. In particular, isolates of ST9 have been predominant in studies of swine in 
Asia,(Neela et al. 2009; Lo et al. 2012)  while ST5 appear to be common in North America.(Khanna et al. 2008; Molla et al. 
2012; Smith et al. 2013; Frana et al. 2013) Although nasal colonization with LA-MRSA is common in livestock workers, 
questions remain about whether workers are permanently or transiently colonized, and whether this represents any sub-
stantial risks to their health.

Numerous studies have documented that individuals with occupational exposure to livestock are at elevated risk of nasal 
colonization with MRSA, and that the variants of MRSA detected are predominantly those found in animals with which 
they have contact. Most studies have been cross-sectional and therefore give little insight into the dynamics of colonization 
in humans, or whether the culture positive nasal swabs represent transient contamination of the nasal epithelium from 
contaminated environments rather than genuine persistent colonization. There are several studies indicating that many 
short term exposures result in only transient contamination.(Graveland et al. 2011; van Cleef et al. 2011; Frana et al. 2013) 
However, these studies do not necessarily represent the situation of workers with prolonged daily contact with livestock. 
Longitudinal studies in farm workers are problematic as these groups generally have almost daily exposure to barn envi-
ronments, and mostly to the same groups of animals. Therefore persistent culture positive results in farm workers provide 
limited insight into patterns of LA-MRSA colonization vs. contamination, as they could simply reflect repeated recent 
contamination. 

Swine veterinarians represent a unique population to investigate this question. They are known to be at elevated risk of 
MRSA colonization and have regular exposure to pigs. However, unlike farm workers, in the USA they are mostly exposed 
to diverse swine populations (i.e. multiple client farms). Another shortcoming of most research to date has been an al-
most myopic focus on MRSA, with minimal information available to date on the general ecology of S. aureus (MSSA and 
MRSA) in animals. The goal of this prospective longitudinal study of US swine veterinarians was to describe patterns of 
MSSA and MRSA detection in monthly nasal swabs in relation to the frequency and diversity of animal contact and the 
incidence of associated health events.

Materials and methods
A cohort of swine veterinarians was recruited at the 2012 meeting of the American Association of Swine Veterinarians. 
To be eligible for the study, volunteers had to be active swine veterinarians having regular (2 per week or more on aver-
age) contact with pigs. The target population range for the study was 50 – 70 veterinarians. After giving informed consent, 
participants were mailed materials for sample collection and transport, and shown a video to standardize the swabbing 
procedure. Commencing in July 2012, participants were contacted monthly by email to remind them to collect a nasal 
swab, and to complete on on-line survey. Survey questions related to time since pig exposure and use of personal protective 
equipment; recent (1 week) history of exposure to pigs including average daily contact and number of herds visited; contact 
with other animal species; incidence occupationally related injuries; incidence of skin or soft tissue injuries; occurrence on 
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any staphylococcal infections; and the date of swab collection. For logistic reasons, no attempt was made to standardize the 
interval from pig contact to nasal swabbing. 

Nasal swabs were submitted to a double enrichment procedure using Mueller Hinton enrichment broth containing 6.5% 
NaCl, then Phenol red mannitol (PRM) broth with and without oxacillin (4mg/ml). Samples showing color change in 
PRM broths were and cultured on CNA agar and MRSA-selective plates. Putative S. aureus isolates were confirmed using 
the catalase and tube coagulase tests. Putative MRSA isolates were confirmed using PCR for mecA gene. DNA from each 
isolate was extracted with 10mM Tris-HCl and Lysostaphan and stored at -20°C. All confirmed S. aureus isolates were sub-
typed using spa typing, and randomly selected isolates of all spa types were characterized using MLST following published 
methods. Spa types were determined using both the Ridom and egenomics systems, and MLST types were obtained from 
the website http://saureus.beta.mlst.net.

Results
A total of 72 veterinarians were recruited to the study. Four withdrew before sample collection began due to concerns 
about frequency of pig contact, and 2 commenced sampling at the second (August 2012) sampling. One participant 
withdrew after 4 months due to migration from the USA. A cohort of 67 veterinarians is continuing to participate in the 
18 month study. Sample submission and survey completion rates exceed 95%. The veterinarians reside in 15 major swine 
producing states of the USA and typically interact with diverse swine populations in their work.

Over the first 7 months of sampling, the prevalence of S. aureus among all samples was 70.7% (325/460), and varied among 
months 54% to 84%. MRSA prevalence varied from 4.4 to 10.6% among months, and MRSA isolates accounted for 7% of 
all isolates (32/460). Colonization patterns varied greatly among veterinarians, with 12 (21%) participants consistently col-
onized with the same spa type. Others participants showed considerable variability in spa types detected over time, while 
only two participants were consistently culture negative. The probability of culture positivity was associated with time since 
pig exposure, but delay in sample processing did not significantly affect the probability of a positive culture. The most prev-
alent isolates were t034-ST398 and t002-ST5, which comprised 74.2% (241/325) of all isolates. Several ST9 spa types (t337, 
t3446, t2498) were also common among MSSA isolates. 

Discussion
The study described is ongoing and will be completed after 18 consecutive months of sampling. These interim results are 
of interest in relation to those from a recently published longitudinal study of swine veterinarians in Holland.10 Prevalence 
of S. aureus was similar (around 70%) in both studies, but the prevalence of MRSA was markedly higher (44%) in Dutch 
veterinarians than in our study in the USA (8%).(Verkade et al. 2013)

This observation adds to evidence suggesting that MRSA prevalence in the swine industry in the USA may be lower than 
seen in many European countries.(Smith et al. 2013) Our data also indicated that ST398, ST9 and ST5 variants are pre-
dominant among isolates from swine veterinarians, and likely indicate that most isolates were acquired from occupational 
exposure to animals. Finally, variable patterns of colonization were observed among veterinarians, with about 20% of 
veterinarians being consistently colonized with the same spa type. Verkade et al (2013) similarly found 14% of their study 
subjects appeared to be ‘colonized’ whereas different isolates were obtained from most individuals over the course of their 
study (5 samplings over 2 years). One could speculate that individual host determinants are likely to influence likelihood of 
genuine colonization of people with S. aureus of livestock origin, and that permanent colonization is not likely for a major-
ity of people exposed to livestock.
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Use of a slaughter hygiene indicator (Escherichia coli) to quantify the risk of 
human salmonellosis related to pork in Denmark –  

an approach for risk based meat control?
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Abstract
Food chain information does not per se allow an effective distinction of herds according to shedding of Salmonella. Thus, 
no effective sorting of pigs at slaughter according to Salmonella risk is possible and hygiene improvement is the only effec-
tive mitigating tool so far at the slaughter. From a large study of 1906 slaughter pigs we quantified Salmonella and estab-
lished quantitative hygiene data (E. coli) on pig carcasses (paired data) at slaughter. Based on the results, we found a posi-
tive correlation between level of E. coli and the prevalence of Salmonella positive carcasses. The odds ratio for Salmonella 
being present on the carcass was found to increase by 1.87 for every one log10 unit increase of E. coli found on the carcass. 
A simple Salmonella consumer risk model was constructed using the observed levels of E. coli contamination as input and 
the model, established a positive correlation between slaughter hygiene (E. coli) and consumer risk. Further, we analysed 
two years’ own control data on Salmonella (prevalence data) and E. coli (quantitative data) from four large slaughterhouses 
in Denmark and found a similar positive correlation between the E. coli level and the carcass prevalence of Salmonella. The 
aim of this study was to propose a principle for setting risk based hygiene targets on E. coli on carcasses at pig slaughter. As 
such we provide input to the discussion on how to develop a risk based meat control procedure, based on statistical process 
control.

Introduction
The Salmonella is widespread in the slaughter pig production in Europe, and Salmonella from pork constitutes a significant 
risk for consumers. In recent years the ability of the classical meat control to provide consumer protection against food 
borne pathogens, has been discussed. A consensus of basing the meat control on food chain information of the pathogens 
is emerging in Europe. Food chain information do however not per se allow for an effective distinction between pigs from 
Salmonella positive and negative herds, and improvement of the general slaughter hygiene is the only mitigating tool to 
use. A modernisation of the meat control could include a risk based statistical process control but so far there have been 
no reports describing how the hygiene level at slaughter associates to Salmonella risk. We have established quantitative 
hygiene data (E. coli) and quantified Salmonella on pig carcasses at from 2880 pigs slaughter. Moreover we have analysed 
two years own control data on E. coli and Salmonella from five large pig slaughter houses in in Denmark. The objective is 
to establish the correlation between the hygiene level and presence of Salmonella and to provide the first suggestion for a 
method to set risk based process hygiene criteria at pig slaughter.

Material and methods
Sample collection
1906 carcasses from pigs slaughtered at five large Danish pig slaughterhouses were sampled in the period May 2005 to 
June 2007. Carcass swabs (2800 cm2) from was taken just before cooling and analysed both quantitatively for E. coli and 
semi-quantitatively for Salmonella. A total of 75 ml peptone water was added to stomacher bags with carcass swabs con-
taining approximately 12.5 ml of peptone water and tissue fluid. The sample was stomached and one millilitre of 10-fold 
dilutions were spread on Petrifilm and subsequently incubated at 41.5 °C for 23-25 h. The number of E. coli was deter-
mined using Select E. coli Count Plate Petrifilm (3M Microbiology, St. Paul, MN, USA) in accordance with the supplier’s 
instructions. Cell counts were determined by automated reading using a Petrifilm plate reader MI649 9 (3M Microbi-
ology, St. Paul, MN, USA). From a the ten-fold dilution of the homogenate, a semi-quantitative analysis for Salmonella 
was performed. All stomached samples were analysed for Salmonella using MSRV agar (ISO 6579, Annex D, Anonymous, 
2007). Own control data from the same five slaughter houses were obtained based on swabbing of 300 cm2 mandatory for 
slaughter-houses exporting to USA. Each day one pooled sample of five swab samples were analysed for Salmonella and 
one sample per 1000 carcasses were analysed for E. coli with a range of 5-12 samples per day depending of slaughterhouse.
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Statistical analyses
All statistical analyses were performed with the software R (ver. 2.15.1) and RStudio (ver. 0.96.331). Bacterial counts of E. 
coli were log10-transformed to obtain approximately normally distributed data. Samples with E. coli below the detection 
limit of 1 CFU/ml were assigned a value of 0.5 CFU/ml to allow log10 transformation.

Means and standard deviations were calculated for the log10-transformed E. coli data. The corresponding Salmonella 
prevalence was calculated after dichotomisation of the results (0 = Salmonella negative; 1 = Salmonella positive). A box-
and-whisker plot was made to illustrate the correlation between the concentration of Salmonella and E. coli found in swab 
samples.

To determine the association between E. coli and Salmonella, univariable analyses were carried out. Variables with p ≤ 0.25 
were included in a multivariable logistic regression analysis. Selection of explanatory variables for the final model was done 
by stepwise backwards elimination of the least significant variable until only significant variables remained. In the analy-
sis, p-values lower or equal to 0.01 were considered as statistically different. The final explanatory variables were tested for 
interaction and confounding.

Risk model
The risk model takes into account both the prevalence of Salmonella on carcasses and the estimated number of Salmonella 
bacteria present. The number of Salmonella bacteria per cm2 was estimated from the observed contamination of E. coli on 
the carcass and the established regression between number of E. coli and number of Salmonella bacteria on the carcass. 
A simple exposure model was developed assuming that: 1) the concentration of bacteria per cm2 was even on the whole 
carcass 2) the whole carcass was consumed raw in 200 gram portions and 3) all 101 human illnesses associated to pork in 
2006 in Denmark could be associated to this. Additionally, the risk model included three factors: a correction factor, which 
adjusted the dose-response relationship provided by FAO/WHO (2002); an underreporting factor (Havelaar et al., 2012) 
and a factor accounting for preparation of pork which adjusted the model output to the number of registered cases in Den-
mark in 2006.

Results
The average level of E. coli 
found on the skin of the 
carcasses was 0.8 log CFU/
cm2, from all five slaughter-
houses. The corresponding 
prevalence of Salmonella 
was found to be 2.5%.

The odds ratio for Sal-
monella being present on 
the carcass was found to 
increase by 1.87 for every one log10 unit increase of E. coli. The correspondence between Salmonella prevalence and E. coli 
carcass contamination across all 5 slaughterhouses is shown in Table 1.

The correlation between the concentration of E. coli and the concentration of Salmonella is depicted in Figure 1.
By applying the observed E. coli and Salmonella data to the risk model, it was possible to make an estimate on the relation-
ship between hygiene level measured by E. coli and the Salmonella consumer risk. Table 2 shows that the number of human 
cases could have been reduced by approx. 50% (from 101 to 48.6), if the E. coli level at slaughter had not exceeded 3-4 log10 
CFU per 38 cm2.

The analysis of the own control data showed a positive correlation between the number of samples being positive for E. coli 
and a positive analysis for Salmonella (Table 3).

Discussion
Our project data showed that it is possible to associate a certain Salmonella prevalence and the Salmonella concentration to 
a certain hygiene indicator level (E. coli). From the outcome of the risk model, developed on the project data, a risk based 

Table 1 – Correspondence between Salmonella prevalence (%) and the level of E. coli (log 
cfu/38 cm2

E. coli  
[log CFU/38 cm2] 0-1 1-2 2-3 3-4 4-5 5-6

Salmonella positive 1 6 12 22 3 3 
Salmonella negative 233 536 605 337 107 41
Prevalence [%] 0.4 1.1 1.9 6.1 2.7 6.8 
95 % of confidence 
interval 0,01-2,36 0,41-2,39 1,01-3,37 3,88-9,13 0,57-7,76 1,43-18,66
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criteria of 3-4 log10 CFU per 38 cm2 could be suggested 
to significantly reduce the number of human illnesses. 
However, in order to be operational a risk based process 
hygiene criteria should be embedded into the own con-
trol data from the slaughterhouse. The own control data 
is few per slaughter day but analysed across a number of 
slaughter days and across all five slaughterhouses it was 
possible also to identify a positive correlation between 
Salmonella and level of hygiene. The observed relation-
ship between Salmonella and E. coli in the own control 
data opens for the opportunity to set risk based process 
hygiene criteria at least under the conditions similar to 
the five slaughterhouses studied.

Conclusion
This is to our knowledge the first report, which estimates 
consumer risk of human salmonellosis from the hy-
giene level at pig slaughter. This holds the perspective to 
establish risk based process hygiene criteria based on this 
principle.
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Figure 1 – Box-and-whisker plot of the level of E. coli stratified 
by the concentration of Salmonella. The letters represents the 
following concentration intervals: K < 0.10 CFU/ml, A: 0.10 – 
0.91 CFU/ml, B: 0.91 – 10.1 CFU/ml, C: 10.1 – 101 CFU/ml, D: 
101 – 909 CFU/ml, DD > 909 CFU/ml.

Table 2 – Modelled estimation of the total number of human 
salmonellosis cases in Denmark in 2006 depending on the 
maximum level of E. coli on pig carcasses before cooling at 
slaughter.

Maximal level of E. 
coli at carcass [log10 
CFU 38cm2]

0-1 1-2 2-3 3-4 4-5 5-6

No of cases 0.0 6.3 1.6 40.7 0.6 51.8 
Accumulated no. 
cases 0.0 6.3 7.9 48.6 49.2 101.0

Table 3 - Relationship between the number of days with a positive Salmonella 
analysis and the prevalence of E. coli positive swab samples per day of slaugh-
ter for a total of 1.839 days.

Own control 
data

Prevalence of E. coli positive swab samples per day
0% 0,1–25 % 25,1–50% 50,1–75% 75,1–100%

Salmonella  
positive days 9 20 17 2 1 

Salmonella  
negative days 710 554 408 97 21

Salmonella  
positive days [%] 1,3 3,5 4,0 2,0 4,6 95 

% confidence  
interval 0,57–2,36 2,14–5,33 2,35–6,33 0,25–7,11 0,12–22,84
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Abstract
The objectives of this study were to investigate Salmonella carriage at each stage of pig production (farrow to finish) on 
10 commercial pig farms having a historically high Salmonella seroprevalence and to establish the role of feed as a source 
of Salmonella on the farms. Pig faecal (n=458) and feed (n=321) samples were taken across all pig production stages 
and analysed for the presence of Salmonella.  The pathogen was detected in pigs on nine farms, in 58/458 (12.7%) faecal 
samples, with a high prevalence among gilts, weaners and finishers. Only 7/321 (2%) of feed samples were Salmonella-
positive, with four farms having at least one Salmonella-positive feed sample. The serovar recovered (4, 12:i:-)  was also 
detected in pigs on the same farms, suggesting that it may have originated in the feed supplied to the farm..  On the other 
hand, the feed may have been contaminated on the farm and in this way play a role in transmission of Salmonella

Introduction
Salmonella carriage in pigs is a significant food safety issue. The European Food Safety Authority has highlighted that 
feed is a risk factor for Salmonella prevalence in pigs (EFSA, 2008). The presence of Salmonella in feed can lead to the 
introduction of Salmonella into pathogen-free herds, an increase in shedding prevalence and the spread of Salmonella in 
pigs (EFSA, 2007). A study by Molla et al. (2010) showed genotypically related and in some cases clonal Salmonella strains 
including multidrug resistant isolates in commercially processed pig feed and pig faecal samples. 

Due to the high prevalence of Salmonella in pigs, a number of countries have introduced Salmonella surveillance and 
control programmes. A revised National Pig Salmonella Control Programme was implemented in Ireland in January 2010, 
with monitoring based on determining the Salmonella status of pig herds by serological testing of meat juice at slaughter. 
However, a recent study has shown that 45% of pigs presented for slaughter in Ireland are caecally positive (Duggan et 
al., 2010). Furthermore, Ireland had the highest carcass contamination rate (20 %) in a 2006-2007 EU baseline survey of 
Salmonella in slaughter pigs (EFSA, 2008). In a ‘Farm to Fork’ food safety concept, safe feed is the first step in ensuring safe 
food. Therefore, the aim of this study was to carry out an in-depth study on 10 commercial pig farms having a historically 
high Salmonella seroprevalence to firstly identify which production stages are the principal harbours of Salmonella 
infection in pigs and secondly, to assess the occurrence of Salmonella in pig feed throughout the different production 
stages on these farms and thereby assess potential risks as well as epidemiological relationships.

Material and Methods
On-farm sampling
The number of farms studied and the number of samples taken was in accordance with statistical advice. Farms (n=10) 
identified for sampling were selected from those with a history of high (>50%) Salmonella sero-prevalence in the 
Department of Agriculture, Food and the Marine National Pig Salmonella Control Programme. On-farm sampling was 
carried out from March-August 2012 with each farm being visited on one occasion between these dates. On each farm, a 
composite faecal sample was collected at random from at least 3 pigs per production stage, directly from the rectum via 
digital stimulation or from freshly voided faeces. For all stages of production, where insufficient faecal samples could be 
obtained, sterile pairs of gauze socks were used to swab the pen. Feed samples (50-100g) which included wet and pelleted 
dry feed depending on the farm and production stage from troughs, hoppers and storage areas (silos, feed tanks) on the 
farms. After collection, all samples were immediately transported on ice to the laboratory, where they were stored at 4˚C 
until analysis (within 24 h).

Microbiological analysis of samples
The presence/absence of Salmonella in 10g samples was determined according to standard microbiological procedures 
(EN ISO 6579:2008) with modified brilliant green agar (Oxoid, Basingstoke, Hampshire, UK) used for additional selective 
plating. Presumptive Salmonella isolates were tested using a Salmonella latex agglutination kit (Oxoid) and confirmed as 
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Salmonella using real-time PCR (Prendergast 
et al., 2012, McCabe et al., 2011, Fricker et al., 
2007. One Salmonella isolate per sample were 
serotyped based on O- and H-group antigens 
according to the White-Kaufmann- Le Minor 
scheme.

Results
Salmonella was detected in 58/458 (12.7%) 
faecal samples across all production stages on 
9 farms (Table 1) with an overall prevalence of 
10.0% (95% confidence interval). Only farm 
H had no Salmonella-positive faecal samples. 
Six different serotypes were recovered, with 
a monophasic variant of Typhimurium 
(4,12:i:-) predominating, accounting for 40.9% 
(18/44) of all isolates recovered. The other 
serotypes recovered were Derby (18.2%; 8/44), 
Typhimurium (18.2%; 8/44), Typhimurium 
Copenhagen (11.4%; 5/44), Infantis (9.1%; 
4/44), and Typhimurium 4,5,12:i:- (2.3%; 
1/44), each from one herd. There was no 
consistent pattern of infection; however, 
large numbers of positive animals were 
detected within gilts, weaners and finishers 
(16.7, 15.3, 16.7 and 16.7% respectively). 
Three farms (A, E and G) had notably higher 
prevalence than the other farms (22.9, 24.4 
and 17.1% respectively). Only 7/321 (2%) 
feed samples taken across all production 
stages were Salmonella-positive (Table 2). 
These Salmonella-positive feed samples 
originated on four farms (A, B, F and G) and 
all were found to harbour the monophasic 
variant of Typhimurium (4,12:i:-). Three 
of the positive feed samples originated on 
farms using wet feed practices (farms A and 
F). The Salmonella-positive feed samples 
were generally recovered at only one stage of 
production, although on farms A and B they 
were found at two stages (farrowing and 2nd 
stage weaner on farm A; and 1st stage weaner 
and finisher on farm B). Feed sampled from 
gilts had the highest Salmonella prevalence (Table 2).

Discussion
Salmonella was recovered from 9 of 10 commercial farms (feed, faecal) in this in depth study. This was to be expected, as all 
had been chosen from those with a history of high Salmonella seroprevalence. The monophasic Salmonella 4,12:i:- variant 
that was found to be predominating in the feed is one of a number of monophasic variants of the serovar Typhimurium, 
that have been emerging in Europe and are of increasing food safety concern (EFSA, 2010). The lack of recovery of 
Salmonella from any production stage on one of the farms (farm H) may be accounted for by the fact that this farm had 
low seroprevalence during the study period, highlighting the cyclical nature of Salmonella contamination on farms (White 
et al., 2006). Although there is a lack of understanding as to why this is occurs attributing factors are, persistence in the 
environment and of risk factors, carrier state or prolonged shedding, or reinfection of susceptible animals. Of the three 
farms with the highest Salmonella prevalence, only one had high seroprevalence during the study period, demonstrating 
the lack of correlation between bacteriological and serological data. Across all the farms large numbers of positive 

Table 1: Salmonella prevalence in faecal samples taken from different 
stages of pig production

Number of faecal samples positive for Salmonella

Farm Gilts Dry 
Sow

Farrowing
Sow

1st Stage 
Weaner

2nd Stage 
Weaner Finisher Prevalence 

%

A 1/8 0/6 1/8 4/8 5/8 5/10 22.9

B 1/8 1/6 0/8 4/8 2/8 1/10 12.5

C 2/6 0/6 2/6 0/6 0/6 0/8 5.3

D 0/6 1/6 0/8 0/6 0/6 1/8 2.4

E 5/6 2/6 0/8 0/6 0/6 5/8 24.4

F 0/8 0/6 0/8 0/8 1/8 0/10 2.0

G 2/6 0/6 0/8 0/6 3/6 2/8 17.1

H 0/6 0/6 0/6 0/6 0/6 0/6 0.0

I 1/8 0/6 0/8 0/8 0/8 3/10 8.2

J 0/10 0/6 0/12 3/10 1/10 0/24 5.5

Total 12/72 4/60 3/80 11/72 12/72 17/102

Prevalence % 16.7 6.7 3.8 15.3 16.7 16.7 10.0

Table 2: Salmonella prevalence from feed samples from different stages of 
pig production

Number of feed samples positive for Salmonella

Farm Gilts Dry 
Sow

Farrowing
Sow

1st Stage 
Weaner

2nd Stage 
Weaner Finisher Prevalence 

%

A 0/3 0/4 1/6 0/6 1/7 0/8 5.9

B 0/6 0/3 0/6 1/9 0/6 1/7 5.4

C 0/1 0/2 0/3 0/5 0/5 0/6 0.0

D 0/2 0/3 0/6 0/4 0/5 0/6 0.0

E 0/3 0/3 0/4 0/5 0/5 0/6 0.0

F 0/4 1/4 0/6 0/8 0/6 0/7 2.9

G 2/3 0/5 0/4 0/6 0/5 0/6 6.9

H 0/0 0/2 0/5 0/4 0/6 0/5 0.0

I 0/4 0/5 0/6 0/7 0/6 0/7 0.0

J 0/7 0/5 0/8 0/11 0/5 0/19 0.0

Total 2/33 1/36 1/54 1/65 1/56 1/77 2.2

Prevalence % 6.1 2.8 1.9 1.5 1.8 1.3
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animals were detected within the production stages of gilts, weaners and finishers. High carriage rates are commonly 
seen in weaners and finishers however; few studies have investigated Salmonella carriage from farrow to finish. The high 
prevalence within the replacement breeding stock (gilts) indicates that these animals may be an important source of on-
farm Salmonella infection.

Salmonella prevalence in feed sampled on-farm was low.  However, finding Salmonella in at least one of the feed samples 
tested from almost half of the farms examined could indicate that the organism was quite ubiquitous considering the 
large volume of feed contained on-site and the relatively small portion of feed sampled for testing. However, as all of the 
Salmonella-positive feed samples were taken from troughs and hoppers, the possibility of on-farm contamination cannot 
be ruled out. Therefore, we cannot ascertain if the feed is the cause of infection or rather a vector for its transmission. 
However, as the pig faeces harboured the same serovar as the feed from the same production stage on three of the farms it 
is likely that the feed became contaminated by the pigs on-farm.

In order to establish if the Salmonella contamination originated from the purchased feed or if on-farm contamination 
occurred genetic subtyping using pulsed field gel electrophoresis (PFGE) and multi-locus variable number tandem repeat 
analysis will be used to ascertain if the same Salmonella strains were found in the feed and the pigs. This will provide 
important additional epidemiological information. In addition, sampling of feed and feed ingredients from the commercial 
feed mills supplying our study farms is on-going and will help to further assess the risk posed by Salmonella in pig feed. 
It is interesting to note that three of the seven Salmonella-positive feed samples were from wet feed systems, as many 
investigators have shown that swine herds which were fed dry vs. wet diets were at increased risk of having high Salmonella 
seroprevalence (van der Wolf et al., 2001). Overall, the results indicate that the risk from feed is low with the detection of 
Salmonella-positive pigs on farms with Salmonella-negative feed samples demonstrating that there are multiple sources 
of Salmonella infection on pig farms. The importance of these sources may vary by production stage, farm and over time. 
Although feed could not be singled out as the source of the Salmonella isolated from the pigs in the present study, it 
nonetheless cannot be ruled out as a risk factor in the transmission of Salmonella and therefore, its control in feed should 
be considered an essential component of any control program.

Conclusion 
Salmonella prevalence in feed samples taken on-farm was low however further research is needed to ascertain whether it 
originated in commercial feed supplied to the farms or if its presence in feed was as a result of on-farm contamination
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Abstract
The objectives of this study were to assess the prevalence, the tetracycline resistance level and the genetic diversity of 
Escherichia coli isolated from organic pigs in comparison with conventional pigs. This study is integrated in a global 
European project, Safeorganic, funded trough CORE Organic II call. 25 organic and 25 conventional herds were 
considered in one slaughterhouse from April to October 2012. Colon content of 2 pigs per herds was sampled. For each 
pig, enumeration of E. coli and of tetracycline resistant E. coli (TET+E. coli) was determined. Level of tetracycline resistance 
was then calculated. Isolates were typed by PFGE using XbaI enzyme. E. coli was detected for all the organic (n=50) and 
conventional pigs (n=50). TET+E. coli was detected for 49 organic (98%) and 48 conventional pigs (96%). Number of E. 
coli per gram of colon content were significantly higher (p=0.0033) for conventional (6.81 log10UFC/g) than for organic 
pigs (6.19 log10UFC/g) as well as number of TET+E. coli (p=0.00021) with 6.33 log10UFC/g for conventional pigs and 5.68 
log10UFC/g for organic pigs. Finally, the level of tetracycline resistance was significantly higher (p=0.0033) for conventional 
(57.4%) than for organic pigs (37.9%). PFGE was done on 373 E. coli; they were distributed in 277 PFGE profiles. The 
genetic diversity was very high (D value=0.998). No pulsotype was common between organic and conventional pigs. 
Difference for the level of tetracycline resistance between organic and conventional pigs suggests that farm managements 
may have an impact on the amount of E. coli excreted and on their antibiotic resistance. However, it is difficult to estimate 
the impact on human health with 0.65 log10UFC/g difference between the two productions. Diversity of strains is so high 
that it is difficult to associate strains to a production.

Introduction
Spread of antibiotic resistance along the food-chain is a major food safety concern due to the risk of treatment failure of 
human foodborne infections. Reports suggest that organic animals carry lower levels of antibiotic resistant bacteria in 
faeces, including lower levels of multiresistant bacteria (Nulsen et al., 2008; Young et al., 2009). This is, however, scarcely 
documented, particularly for swine. Organic pig production differs in many aspects from the conventional pig farming. 
Several of these differences may influence the pattern of the microbiological flora including the pattern of antimicrobial 
resistance. For example, prophylactic use of antimicrobials and growth hormones is prohibited, although antimicrobials 
can be used to treat ill animals when all other options fail. There are also differences in feeding regimes, a lower animal 
density and access to outdoor areas (Bonde & Sørensen, 2004). 

As the food animal production is a primary reservoir for foodborne pathogens and antibiotic resistance, there is a 
continuous need to regularly document the status in the primary production. Caecal/colon content, sampled at slaughter, 
can be used to characterize the herd status in relation to antibiotic resistance (Rosenquist et al., 2009). The bacterial 
population of these samples can reflect those originating from the farm and particularly Escherichia coli commonly used 
as indicator of faecal contamination and antimicrobial resistance. Thus, it may be used to compare antimicrobial resistance 
among populations. In the other hand, genetic profiles may be used to characterize also E. coli populations. Greater genetic 
diversity can be expected for organic animals due to the presumable lower antibiotic selection pressure and access to an 
open area.

The aims of this study were to assess the prevalence, the tetracycline resistance level and the genetic diversity of E. coli 
isolated at slaughter from colon of organic pigs in comparison with conventional pigs. Tetracycline was used as resistance 
indicator, as resistance to this antimicrobial is the more frequent for E. coli (EFSA 2012). 
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Material and Methods

Sampling
To evaluate the bacteriological status of the pigs at herd level, sampling of colon content from pigs was done at slaughter. 
Sampling was realized in one slaughterhouse from April to October 2012. In total, 25 organic herds and 25 conventional 
herds were considered; at each visit, and at each organic herd sampled, a conventional herd was also sampled. Colon 
content of 2 pigs per herd was collected at the evisceration step. Finally, 50 organic pigs and 50 conventional pigs were 
analyzed.

Enumeration of total E. coli and tetracycline resistant E. coli
Ten to 25 g of each colon content were diluted in 90 ml of tryptone salt (AES Chemunex, Bruz, France) and a 1:10 serial 
dilution was realized until the dilution -6.  One ml of each dilution was dropped on a 3M™ Petrifilm™ Select E. coli Count 
Plate (SEC plate) (3M, Cergy-Pontoise, France). Characteristic colonies were counted in order to determine the quantity of 
E. coli per gram of colon content.

In parallel, and as described by Wu et al. (2008), 1 ml of each dilution was supplemented with oxytetracycline for a final 
concentration of 64mg/L and dropped on a 3M™ Petrifilm™ Select E. coli Count Plate. Characteristic colonies were counted 
in order to determine the quantity of tetracycline resistant E. coli (TET+E. coli) per gram of colon content. 

Level of tetracycline resistance for each sample was then determined by the percentage of TET+E. coli from the total 
number of E. coli. 

A multiplex-PCR was performed (Perrin-Guyomard et al., 2008) to confirm isolates as E. coli. 

Statistical Analysis
Statistical analyses were performed using SAS software. The variables to be explained were enumeration (log10 UFC E. coli 
total/g, (log10T) and log10 UFC E. coli resistant/g (log10R)) and the resistance level (%_UFCR). Test used was Anova when 
possible or Wilconxon otherwise. To determine if differences observed between results were significant, a variance analysis 
was performed. 

PFGE typing and analyzes of the genetic profiles
When possible, two isolates per positive ‘SEC plate’ and positive ‘SEC plate+TET’ (4 per sample) were characterized 
by RFLP-PFGE using XbaI enzyme (Ribot et al., 2006).  Salmonella enterica serotype Braenderup H9812 was used as 
molecular size marker (Hunter et al., 2005). 

XbaI profiles were analyzed on BioNumerics® software (V 6.5, Applied Maths, Kortrijk, Belgium). The similarities between 
profiles, based on the position of the restricted fragments, were calculated using the coefficient of Dice with a maximum 
tolerance of 1% (Struelens, 1996). The Simpson’s index (Hunter, 1990) was calculated to estimate the diversity of the 
sample. 

Results
From colon content, on the 100 
sampled pigs, E. coli was detected 
for all the organic pigs (n=50) 
and conventional (n=50). TET+E. 
coli was detected for 49 organic 
pigs (98%) and 48 conventional 
pigs (96%). The number of E. 
coli per gram of colon content 
were significantly higher (6.81 
log10UFC/g) for conventional 
pig (Table 1) than for organic pigs (6.19 log10UFC/g) (p=0.0033). A significant difference for the number of TET+E. coli 
per gram of colon content was also observed between organic (5.68 log10UFC/g) and conventional pigs (6.33 log10UFC/g) 
(p=0.00021). The level of tetracycline resistance is higher for conventional pigs (57.4%) than for organic pigs (37.9%); this 
is also significant (p=0.0033). 

Table 1: Enumeration of total E. coli and TET+E. coli from colon content of organic 
and conventional pigs and level of tetracycline resistance. 

Type of 
production

Total E. coli TET+E. coli Level of 
tetracycline 
resistance

N° of positive 
samples (%)

log10 
UFC/g

N° of positive 
samples (%)

log10 
UFC/g

Organic 50 (100%) 6.19 48 (98%) 5.68 37.9%

Conventional 50 (100%) 6.81 49 (99%) 6.33 54.4%
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A total of 373 E. coli and TET+E.coli isolates were collected 
from colon content, 195 from organic pigs and 178 form 
conventional pigs (Table 2). Isolates were distributed in 277 
PFGE profiles after XbaI restriction: 142 for isolates from 
organic pigs and 135 from conventional pigs (Table 2). 
For individual sample, the diversity ranged from 0.25 (one 
subtype found among 4 isolates) to 1.00 (4 subtypes found 
among 4 isolates). 

No PFGE profile was common to the two type of 
production, and, no specific genetic cluster was observed within the dendrogram, even using a cut-off value of 80% genetic 
similarity. 

Thus, the diversity index was very high whatever the type of production (ID³0.99). Most of the time, isolates harboring 
a same PFGE profile where from a same sample or a same herd. Only 1 PFGE profile was common to isolates from 2 
different organic herds sampled at different days.

Discussion
E. coli was detected for all the pigs; these commensal bacteria colonize intestinal tract of almost warm-blood animals and 
are present throughout the environment. So, the access to an outdoor area of organic pigs may contribute to maintain a 
high level of contamination.

Difference for the level of tetracycline resistance between organic and conventional pigs suggests that farm managements 
may have an impact on the amount of E. coli excreted and on their antibiotic resistance. The lower level of tetracycline 
resistance for organic pigs could be explained by contamination in the outdoor area with wild strains supposed to be more 
sensitive to antibiotic and overall by the restricted antimicrobial practices in organic farm. 

Difference in antibiotic resistance was previously observed by Tadesse et al., (2011) between farms with or without 
antibiotic treatments. They observed a higher erythromycine resistance for Campylobacter in farm with antibiotic 
treatment. For our study, after contact with farmers, only one of the herds sampled in our study has been treated with 
antimicrobials which could explain our results. However, some studies in North America showed that antimicrobial 
resistance can remain in faecal E. coli population in pig decades after the drug was banned from food-animal production 
(Maynard et al., 2003). 

The genetic diversity of E.coli was very high for each production and it was difficult to associate strains or genetic clusters 
to a production. PFGE demonstrated to be an interesting epidemiological tool to differentiate E. coli within a specific 
serotype, as O157:H7 (Watabe et al., 2008) or to differentiate E. coli isolates from piglets with diarrhea (Vu-Khac, et al., 
2007). But finally, for the commensal E. coli population, this method cannot be used as origin population marker.

Conclusion
Difference between organic and conventional pigs suggests that farm managements may have an impact on commensal 
bacteria. Nevertheless, while difference in the level of tetracycline resistance between organic and conventional pigs was 
statistically significant, it is difficult however to estimate the impact on human health with a difference of 0.65 log10UFC/g 
of E. coli tetracycline resistant between the two productions. Strains are being tested with a panel of antibiotics; the results 
will clarify those previously obtained. 

PFGE is not a good tool to associate genetic profiles to production. Other typing methods should be considered.
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Table 2: PFGE diversity after XbaI restriction
Type of 
production  

Number 
of isolates

Number 
of PFGE 
profiles

Index of diversity  
[95% confidence 

intervals]
Organic 195 142 0.99 [0.99-1.00]
Conventional 178 135 0.99 [0.99-1.00]
Total 373 277 0.99 [0.99-1.00]
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INTRODUCTION
Helminth parasite infections in swine represent a significant, but understudied health concern for both the swine indus-
try and consumers.  While many parasitic infections cause subclinical infections, infected swine pose a public health risk 
from consumption of contaminated meat products.   In swine, infection with parasites has also been shown to negatively 
impact pig performance and impede weight gain (Kipper et al., 2011; Pittman et al., 2010). Toxoplasma gondii is one of the 
top pathogens responsible for fatal foodborne infections in the US (Mead et al., 1999).  While T. gondii has been recovered 
from retail pork products, the importance of direct transmission from the consumption of contaminated pork products 
is still unclear (Dubey et al., 2008). Transmission occurs through ingestion of infected meat containing parasitic, infective 
cysts (Davies et al, 1998).  Trichuris suis and Ascaris suum are both common nematodes identified in swine, with preva-
lence widely ranging and depending on location and farm practices (Nedjsum et al., 2012).  Trichinellosis, while rare in 
humans, can be associated with consumption of undercooked noncommercial, or antibiotic free (ABF), pork contaminated 
with Trichinella (Davies et al., 2011).  From 2002-2007 there were 54 reported cases of trichinellosis in the US, with 19% 
of those cases attributed to the consumption of pork products (Kennedy et al., 2009).  Nearly half of the worldwide pop-
ulation is infected with one of the above mentioned parasites, with symptoms ranging from diarrhea to malnutrition and 
occasionally death (Hall et al., 2008).  The purpose of this study was to determine the seroprevalence of T. gondii, Trichinel-
la, T. suis, and A. suum in indoor conventionally raised and outdoor Antimicrobial free (ABF) swine.  

MATERIALS AND METHODS
Origin of Meat Tissue Fluid Samples

Meat samples were collected as part of a larger longitudinal study on the prevalence of antimicrobial resistant bacteria 
in conventional and ABF swine production systems in North Carolina (Quintana-Hayashi et al., 2012; Keelara et al., 2013).  
Briefly, ten cohorts of conventionally-raised pigs and eight cohorts of ABF-raised pigs were sampled five times at farm and 
at slaughter.  One ABF cohort could not be sampled at slaughter and is therefore not represented in the meat tissue sam-
ples.  Conventionally-raised pigs followed an all-in-all-out production system, where pigs were housed indoors and moved 
to different farms together as cohorts at different stages of production (farrowing, nursery, and finishing).  Conventional-
ly-raised pigs were given antimicrobials for therapeutic and prophylaxis purposes.  ABF pigs were raised outdoors on the 
same farm location for all production stages and were not given antimicrobials for any purpose.  At slaughter, all conven-
tionally-raised pigs were sent to a single, large-scale slaughter facility whereas ABF pigs were sent to one of two small-scale 
slaughter facilities that processed only ABF pigs.  Approximately 50 g of meat was taken from each carcass just above the 
diaphragm after evisceration using a sterile knife, transported on ice, and stored at -20°C until processed. A questionnaire 
detailing farm management practices was given to producers at each production stage (farrowing, nursery, slaughter).  In 
addition, a similar questionnaire was filled out by lab personnel to document farm conditions and practices while samples 
were collected. 

Serology
Tissue fluids were isolated from 50 g pieces of muscle from individual pigs by freezing at -20oC overnight, thawing at 

room temperature, and centrifuging at 1g to collect released fluids; tissue fluids were stored at -20oC until use.  Tissue fluid 
samples were tested in duplicate for the presence of antibodies to Trichinella spp. and T. gondii using two 96-well commer-
cial ELISA kits as recommended by the manufacturer (SafePath Laboratories, Carlsbad, CA).  The optical density (OD) of 
each sample was determined at 450nm using a dual wavelength (450/620nm) microplate reader (Molecular Devices, Sunny-
vale, CA).  Specific parasite positive and negative control pig sera supplied by the manufacturer were included on each 
ELISA plate. ELISA values were reported as the mean optical density (OD) of duplicate wells after subtraction of the OD 
for the negative control well. Optical densities in both tests which exceeded 0.30 after subtraction of the negative control 
OD were considered positive.
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Tissue fluids were also tested for the presence of specific antibodies to Trichuris suis and Ascaris suum using 2 in-
house ELISAs.  Ascaris E/S antigens were derived from 72 hour in vitro culture of A. suum 4th stage larvae (16 days post in-
fection), while Trichuris E/S antigens were derived from 72 hour in vitro culture of adult worms (42 days post infection) as 
previously described (Hill et al., 1990). Analysis by spectroscopy to determine the 280:260nm absorbance ratio was used to 
determine protein concentration.  Antigens were passively absorbed onto 96-well microtitre plates, 1μg/well of T. suis or A. 
suum excretory/secretory (E/S) antigens, in coating buffer (0.2 M carbonate/bicarbonate buffer, pH 9.6) for 60 minutes at 
37oC.  Antigen-coated wells were washed three times with wash buffer containing 50 mM Tris, pH 7.4, 150 mM NaCl, 5.0% 
non-fat milk powder and 0.5% Tween-20 (Tris-NaCl w/T).  Tissue fluid was diluted 1:10 in wash buffer without Tween-20 
(Tris-NaCl wo/T), and 100μl of diluted tissue fluid was added to each antigen-coated well.  Known positive and known 
negative tissue fluid (diluted 1:10) and serum samples (diluted 1:50) were included on each plate.  Plates were incubated for 
2 hours at room temperature, then washed 3 times as above with Tris-NaCl w/T.  Affinity-purified rabbit anti-swine IgG–
peroxidase conjugate (Kirkegaard and Perry Laboratories, Gaithersburg, MD, 1mg/ml), diluted 1:1000 in Tris-NaCl wo/T, 
was added to each well (100 μl/well)  and incubated at room temperature for 2 hours.  The plates were washed three times 
in Tris-NaCl w/T, and rinsed once with distilled water.  Chromogen/peroxide substrate was added to each well (100 μl te-
tramethybenzidine (TMB), Safepath Laboratories, Carlsbad, CA, USA) and incubated for 10 minutes at room temperature.  

The optical density (OD) of each sample was determined at 450nm using a dual wavelength (450/620nm) microplate 
reader (Molecular Devices, Sunnyvale, CA).  ELISA values for each sample were reported as the mean optical density (OD) 
of duplicate wells after subtraction of the OD for the negative control well.  Optical densities in the Trichuris ELISA which 
exceeded 0.30 after subtraction of the negative control OD were considered positive, while an OD which exceeded 0.391 
after subtraction of the negative control OD in the Ascaris ELISA were considered positive.

Statistics
T-tests were used to calculate significant differences in parasite prevalence between farm types (SigmaPlot).  Odds 

ratios were calculated to determine any increased risk associated with various farm management practices, including pres-
ence of various animals or pests on farm, anthelminthic administration, herd density, and biosecurity practice.  Responses 
from each stage were combined into an overall farm data set, where a single positive response (i.e. presence of dogs/cats) at 
any stage marked the overall farm as positive.  

RESULTS
Seroprevalence

A total of 443 meat samples (conven-
tional: 263, ABF: 180) were collected at three 
slaughter facilities in North Carolina.  Meat 
tissue fluid was tested for serological evidence 
of T. gondii, T. suis, Trichinella spp, and A. 
suum, Figure 1. Seroprevalence of T. gondii 
and Trichinella was low and not significantly 
different between the conventional (0.7%, 0.3% 
respectively) and the ABF (2.6%, 2.2% respec-
tively) production systems (P=0.275, P=0.132 
respectively).  However, swine in the ABF sys-
tem (77.7%, 132/170) had a significantly higher 
seroprevalence of T. suis than swine in the 
conventional system (3.0%, 8/263; P<0.001).  
In the conventional system, A. suum was detected in all cohorts with seroprevalence ranging from 8.7% to 65.5%.  Similar-
ly, A. suum was detected in all but one ABF cohort, with seroprevalence ranging from 0% to 44%.  

Farm Questionnaire
No significant associations were detected between presence of parasites and farm questionnaire items, with the ex-

ception of T. suis and farm type (OR=0, P=0.002) due to 100% of ABF farms being positive for T. suis.  Risk factors for A. 
suum were difficult to detect due to all but one farm being positive for the parasite.  This lack of significant risk factors is 
likely influenced by the similar answers given on the questionnaires (Table 1).  The presence of one parasite was not signifi-
cantly associated with an increased risk of that farm being positive for a different parasite.    

Figure 1. Seroprevalence of parasites in meat tissue fluid.
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DISCUSSION
While seroprevalence of T. gondii and Trichinella was higher in ABF 

compared to conventional swine tissue samples, the difference was not 
statistically significant.  This is likely due to the low number of positive 
samples.  Such low prevalence in the conventional swine system has been 
reported previously (Davies et al., 1998).  Previous studies have detected 
a significantly higher prevalence of T. gondii and Trichinella in outdoor, 
ABF swine compared to conventional swine, some at statistically signifi-
cant levels (Gebreyes et al., 2008; Giessen et al., 2007).  This is likely due to 
exposure to the outdoor environment in ABF/extensively raised pigs and 
the presence of biosecurity measures and lack of access to the outdoors in 
conventional pigs. The seroprevalence of T. suis was significantly higher in 
ABF swine than conventional. This trend has also been seen in previous 
studies comparing the prevalence of gastrointestinal parasites in different 
swine management systems (Eijck and Borgsteede, 2005).  This may be the result of differences in environmental and farm 
management factors.  Interestingly, we detected a higher, but not statistically significant, seroprevalence of A. suum con-
ventional swine compared to ABF.  This is in contrast with previous reports that identified a higher prevalence in outdoor 
and organic swine systems (Eijck and Borgsteede, 2005).

CONCLUSION
These results highlight the similarity of T. gondii, Trichinella, and A. suum seroprevalence rates in conventional and 

ABF production systems despite significant differences in management practices.  While T. suis was detected in a signifi-
cantly higher percentage of ABF swine tissue samples compared to conventional swine, the zoonotic potential of T. suis to 
cause disease in humans is still unclear.  
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Abstract
Natural approaches are now being considered to replace antimicrobials to reduce the risk of antimicrobial resistance de-
velopment. This has put new emphasis on using diet to control bacterial infections in pigs, some of which having recently 
demonstrated a zoonotic disease potential. Moreover, dietary modifications can lead to a modulation of the bioregulation 
of volatile fatty acids (VFA). Our objective was to assess the effect of feed size and texture on intestinal VFA profiles and 
concentrations, E. coli populations, and on growth performance. Fattening pigs (n=840) received one of six different diets 
(mash feed 500, 750 and 1250 µm and pellet feed 500, 750 and 1250 µm). Weight gain of pigs was monitored for each diet 
formulation over the fattening period. At the slaughterhouse, caecal and colon contents from 165 pigs were sampled for 
enumeration of E. coli by quantitative PCR (qPCR) and for VFA quantification. Acetic, propionic, and butyric acids were 
quantified by capillary gas chromatography. The yccT gene was used to enumerate total E. coli. A decrease in feed conver-
sion associated with pellet texture and/or 500 µm particle size was observed for each diet formulation (p<0,05). In addi-
tion, caecal (p=0,0271) and colon (p=0,0012) propionic acid concentrations were lower for pigs receiving pellet rather than 
mash feed. Similarly, caecal (p=0,0167) and colon (p=0,0008) butyric acid concentrations were also lower for pigs receiving 
pellet rather than mash feed. Moreover, caecal (p=0,0208) and colon (p=0,0006) butyric acid concentrations were higher 
for pigs receiving a feed with a 1250 µm rather than 500 µm particle size. For total E. coli enumeration, caecal (p=0,01) and 
colon (p=0,04) yccT gene copy numbers were higher for pigs receiving pellet rather than mash feed. Taken together, results 
showed that mash feed is associated with favourable intestinal changes (VFA levels) and with a reduction of E.coli in the 
pig. 

Introduction
Certain Escherichia coli are associated with postweaning diarrhoea and oedema disease in pigs, others are important 
zoonotic pathogens in the food chain. Antibiotics are commonly used to control this pathogen at the farm level, but natural 
approaches, such as feed strategies, are now being considered to increase the gut health and reduce the use of antimicrobi-
als as growth promoters, and then, reduce the risk of antimicrobial resistance development. This has put new emphasis on 
using diet to control bacterial infections in pigs. It is now shown that the porcine intestinal health and intestinal microbiota 
composition can be modified by feed strategies, specifically by feed texture and feed particles size changes of the pig’s diet 
(1). Moreover, dietary modifications can lead to a modulation of the bioregulation of volatile fatty acids. Particularly, propi-
onic and butyric acids are important metabolites because of their bactericidal potential (2, 3). The aim of this study was to 
better understand the effect of feed particle size and texture on intestinal VFA profiles and concentrations, E. coli popula-
tions, and on growth performance of fattening pigs.

Material and Methods
A total of 840 crossbred Yorkshire-Landrace fattening pigs received one of six different diets (mash feed 500, 750 or 1250 
µm or pellet feed 500, 750 or 1250 µm). Pigs were assigned a diet randomly and were fattened for a total of 120 days. 
Weight gain of pigs was monitored for each diet formulation over the fattening period. At the slaughterhouse, ileal, caecal 
and colon contents from 165 pigs were sampled individually. Contents were collected using conical 15 ml plastic tubes. The 
tubes were filled and stored at -20ºC for analysis of volatile fatty acids (VFA). VFA concentrations were measured with a 
Perkin-Elmer gas chromatograph model 8310 (Perkin-Elmer, Waltham, Mass.), equipped with a DB-FFAP high resolution 
column. Caecal contents were also sampled for multiplex PCR. A group of 12 virulence genes reported in the literature to 
be associated with different E. coli pathotypes, were selected to be used in our study (4). A series of 4 multiplex PCR proce-
dures were performed according to a protocol of the Reference Laboratory for Escherichia coli (EcL – Faculty of Veterinary 
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Medicine from the Univer-
sité de Montréal) available 
at http://www.apzec.ca/en/
APZEC/Protocols/APZEC_
PCR_en.aspx.  Also, caecal 
and colon contents were 
sampled individually and 
stored at -80ºC for bacterial 
DNA analysis. . Total DNA 
was extracted from caecal 
and colon contents of pigs 
by use of a physical-chem-
ical method with phe-
nol-chloroform essentially 
as previously described. 
Quantitative PCR was per-
formed on a Eco Real-Time 
PCR System (Illumina, San 
Diego, CA) using the Eco Software (version 4.1). All standard curves were constructed using PCR products and each re-
action was run in triplicate. Volatile fatty acids and qPCR data were analysed according to multiple linear regression of the 
Statistical Analysis System version 9.3 (SAS Institute Inc., Cary, NC).

Results
Ileal, caecal and colon volatile fatty acid production is shown in Table 1. Caecal (p=0,03) and colon (p<0,01) propionic acid 
concentrations were higher for mash than for pellet fed animals. Similarly, caecal (p=0,02) and colon (p<0,01) butyric acid 
concentrations were also higher for mash than pellet fed animals. With respect to the feed particle size, caecal (p=0,05) and 
colon (p<0,01) butyric acid concentrations were higher for the 1250 µm diet than for that of 500 µm diet. Ileal acid produc-
tion was similar for all feed textures and feed particle sizes.

Caecal E. coli virulence factors detection by multiplex PCR showed interesting results, especially concerning the F4 fimbri-
ae (Table 2). Presence of the F4 fimbriae gene was detected only in pellet fed animals. Moreover, the genes for two virulence 
factors, F18 and Stx1, were not detected in any of the samples.

TABLE 2. Number of positive caecal samples (%) for E. coli virulence factor genes

Feed texture N
Virulence factor

LT STa STb F4 Stx2 EAE CNF P Aero Tsh
Mash 81 43(53) 69(85) 21(26) 0(0) 20(25) 17(21) 56(69) 30(37) 58(72) 75(93)
Pellet 84 42(50) 59(70) 23(27) 6(7) 16(19) 14(17) 58(69) 32(38) 63(75) 73(87)

For total E. coli enumeration by real-time PCR (Table 3), caecal (p=0,01) and colon (p<0,01) yccT gene copy numbers were 
higher for pellet than mash fed animals. On the other hand, the enumeration of the genes faeG, estB and cnf1, amplified for 
the quantification of virulent E. coli populations, showed no differences between the pellet and the mash fed animals.

In addition, a decrease in feed conversion associated with pellet texture and/or 500 µm particle size was observed for each 
diet formulation (p<0,05).

Discussion
In the present study, we demonstrated that administration of mash rather than pellet feed was related to higher intestinal 
propionic and butyric acid levels. Furthermore, a 1250 µm diet is also associated with higher intestinal butyric acid produc-
tion. Mash feeding may possibly be associated with an increase of bacteria producing volatile fatty acids and contribute to 
gut health by preventing the proliferation of injurious bacteria (5). Total E. coli enumeration was lower in mash fed ani-
mals. This could result in minimizing the contamination of the carcass with E. coli at the slaughterhouse. However, there 
was no evidence that mash feed affected the virulent E. coli populations. Consistent effects of feed texture and feed par-
ticles size were not observed for cnf1, faeG and estB gene copies in caecal and colon contents. Surprisingly, a feed texture 
effect was observed on the F4 fimbriae (faeG gene) caecal prevalence by multiplex PCR. In addition, feed conversion rates 
associated with mash feed were higher to those associated with pellet feed. As already demonstrated, administration of 

TABLE 1. Effect of feed texture and feed particle size on volatile fatty acid concentrations 
(mmol/l)

Feed texture Feed particle size
VFA Mash Pellet P value 500 µm 750 µm 1250 µm P value

Ileum
Acetic
Propionic
Butyric

20,3±3,0
2,9±0,9

3,02±0,6

23,8±2,9
3,4±0,8

3,50±0,6

0,09
0,44
0,26

22,4±3,7
3,7±1,1

3,46±0,7

23,0±3,6
3,0±1,0

3,14±0,7

20,7±3,5
2,8±1,0

3,19±0,7

0,65
0,47
0,81

Caecum
Acetic
Propionic
Butyric

85,9±4,6
36,8±2,1
16,3±1,2

82,6±4,5
33,4±2,1
14,3±1,2

0,31
0,03
0,02

85,1±4,1
34,8±2,7
14,3±1,5

85,8±5,5
33,4±2,5
14,9±1,4

81,9±5,4
37,1±2,5
16,7±1,4

0,56
0,12
0,05

Colon
Acetic
Propionic
Butyric

83,4±4,0
37,1±2,1
20,7±1,3

83,4±3,9
32,2±2,0
17,4±1,3

0,99
<0,01
<0,01

84,5±5,0
33,6±2,6
17,5±1,7

85,9±4,8
33,7±2,5
18,1±1,6

79,7±4,7
36,6±2,4
21,6±1,6

0,16
0,16

<0,01
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pellet feed results 
in improved feed 
conversion but 
not necessarily 
average daily gain 
for pigs of all ages 
(6).

Conclusion
Mash feed diet is 
associated with 
higher propion-
ic and butyric 
acid levels and a 
reduction of total 
E. coli numbers 
in the digestive 
tract of pigs. Moreover, economic disadvantages of mash feeding can be countered by optimizing strategies, such as the use 
of mash feed for curative purposes or in the maternity to reduce the piglets exposure to potential pathogens and during 
stressful periods associated with greater vulnerability of animals. Thus, such strategies provide interesting alternatives to 
antibiotic use. 
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TABLE 3. Effect of feed texture and feed particle size on Escherichia coli populations (log gene 
copies/g faeces)

Feed texture Feed particle size
Gene N* Mash Pellet P value 500 µm 750 µm 1250 µm P value

Caecum
yccT
cnf1
faeG
estB

111
87
1

105

14,45±0,6
10,54±1,0

10,11
7,97±0,7

15,53±0,6
11,58±0,8

-
8,08±0,7

0,01
0,11

-
0,81

15,67±0,8
10,95±1,0

-
8,59±0,8

14,54±0,7
11,13±1,2

10,11
7,68±0,8

14,87±0,7
11,10±1,1

-
7,81±0,9

0,07
0,97

-
0,24

Colon
yccT
cnf1
faeG
estB

131
118
18

119

12,66±0,5
8,50±0,7
8,59±1,8
7,07±0,5

13,64±0,5
8,61±0,7
8,39±1,9
7,12±0,5

<0,01
0,83
0,87
0,88

13,70±0,6
8,61±0,9
7,79±2,3
7,27±0,6

12,80±0,6
8,68±0,9
8,01±2,3
6,72±0,6

12,97±0,6
8,37±0,9
9,66±2,3
7,31±0,6

0,10
0,88
0,41
0,28

*Positive samples by real-time PCR
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Abstract: A number of studies have demonstrated a link between the detection of potentially pathogenic Escherichia coli 
strains and economic loss in the swine industry. E. coli strains belong to different commensal or pathogenic clonal groups, 
the latter being characterized by the presence of specific virulence genes. The transmission of such E. coli between herds and 
a slaughterhouse in a production network, in particular to illustrate the dissemination of E coli strains in a zoonotic perspec-
tive, has not been well characterized. The presence of certain virulence genes could be used as indicators of contamination 
between herds and the slaughterhouse. The objective of this study was to examine some transmission modes of such E. coli 
in a well defined swine production network. A defined region containing 10 farms, a slaughterhouse, and a transportation 
network was selected. Samples (feces, dust, soil…) were collected at various sites on the farms (3 visits), at the slaughterhouse 
(2 visits), and on the vehicles of stakeholders linking the farms and slaughterhouse, such as animal transporters. Three con-
secutive production batches were followed during 8 months. The presence in the samples of virulence genes (eltB, estA, estB, 
faeG, stxA, stx2A, eae, cnf, papC, iucD, and tsh) commonly associated with pathogenic E. coli was examined by conventional 
multiplex PCR. The monitoring of the virulence gene profiles both temporally and spatially resulted in the identification of 
an ETEC: F4 profile as such a marker. The distribution of ETEC:F4 suggests that the slaughterhouse yard acts as a reservoir of 
contamination in the network, ETEC:F4 being transmitted back to the farms by mechanical vectors. These results illustrated 
the need to improve the biosecurity relationship between herds and slaughterhouse, both playing a role in distribution of 
pathogens in pig production.

Introduction: E. coli is known to be an important constituent of the pig intestinal microflora. Most of the isolates colonize the 
small intestine and are commensal. However, some isolates encode virulence genes thus may be pathogenic and potentially 
zoonotic. Certain E. coli pathotypes cause post-weaning diarrhea, an important cause of mortality in pigs (Fairbrother et al., 
2007). The transmission of such E. coli between herds and the slaughterhouse in a given network, in particular to illustrate 
the dissemination of E coli strains in a zoonotic perspective, has not been well characterized. The presence of certain viru-
lence genes could be used as an indicator of contamination between herds and the slaughterhouse. The objective of this study 
was to examine some transmission modes of such E. coli in a well defined swine production network. The monitoring of the 
virulence gene profiles both temporally and spatially resulted in the identification of an ETEC: F4 contamination profile. 

Material and Methods: A swine production network consisting of 10 finishing farms, a transportation network and a slaugh-
terhouse was selected. A total of 388 environmental samples were taken at the farms during 3 visits representing respectively 
3 successive production batches. The farm environmental samples consisted of pools of feces from healthy pigs, swabs of 
objects and tools inside the farm buildings (panels, scales, working desks, high places, loading dock floor) and some surfaces 
of vehicle tracks outside the farm (animal departure, feed, knackery). Also, 272 environmental samples were taken in the 
slaughterhouse field following transport of 2 production batches from each of 9 of the 10 farms. The slaughterhouse envi-
ronmental samples were taken on the departure dock, inside the truck cabin before loading and on the truck mud-guards 
and vehicle tracks at different times during the departure procedure. Samples were incubated 24 hours in a non-selective 
pre-enrichment broth at 37°C then transferred, respecting a 1:10 ratio, in an enrichment broth for another 24 hours. The cul-
tured samples were centrifuged at 12000 rpm for 5 min, washed in buffer and placed at 100°C for 10 min to prepare the DNA 
templates for PCR. The presence in the samples of virulence genes (eltB, estA, estB, faeG, stxA, stx2A, eae, cnf, papC, iucD, 
and tsh) commonly associated with pathogenic E. coli (ETEC, ExPEC, STEC and EPEC) was examined by conventional mul-
tiplex PCR according to a protocol of the Reference Laboratory for Escherichia coli (EcL – Faculté de Médecine Vétérinaire 
de L’Université de Montréal) available at http://www.apzec.ca/en/APZEC/Protocols/APZEC_PCR_en.aspx. The distribution 
of E. coli virulence genes present in the samples was monitored and analyzed in a spatial and a temporal perspective. 
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Results: The distribution of E. coli virulence 
genes in the farm samples differed between the 
pathotypes and the farms. The ETEC virulence 
gene distribution on the farms was non-ho-
mogenous and showed a different contamina-
tion profile for each farm. The virulence genes 
encoding STb and STa toxins are detected 
throughout the network. On the other hand, the 
genes encoding for F4 and LT were only detect-
ed on certain farms. The detection of environ-
mental samples positive for at least one ETEC 
toxin in combination with the gene encoding 
the fimbriae F4 suggests the presence of ETEC: 
F4+ strains in these samples. The distribution 
of samples positive for ETEC and F4 was anal-
ysed spatially and temporally to describe events 
of contamination in the network. 

Samples positive for ETEC and F4 were de-
tected in feces, objects and the vehicle tracks 
in most farms in the network, most commonly 
on farms A, B and H (Table 1). Few or no sam-
ples positive for ETEC and F4 were observed on 
farms D, E, F, G, I and J (results not shown). The 
spatial distribution of such samples positive for 
ETEC and F4 indicates the presence of contam-
ination in the intestinal microflora of the pigs, 
but also in the farm environment and on vehi-
cle tracks. 

Most samples positive for ETEC and F4 were 
associated with the second farm visit (Table 2). 
This visit occurred in approximately the same 
period of time for every farm. These results 
suggest that most farms in the network were 
more contaminated by ETEC: F4 strains in that 
same period. Nevertheless, farm A still showed 
the highest level of ETEC: F4 contamination. 

In the slaughterhouse environment, STEC and 
EPEC virulence genes were detected in a low 
proportion of samples, although Stx1 was detected more frequently than on the farms, particularly for departure visits asso-
ciated with farms I and J. Interestingly, in contrast to farm results, ETEC virulence genes were detected on every departure 
visit to the slaughterhouse (Table 3). 

The spatial distribution analysis of samples positive for ETEC and F4 permitted the identification of possible contamination 
sources in the network. ETEC and F4 were detected on objects and tracks at every delivery visit, but less frequently (one 
detection or less) for visits on farms D, E, and I (results not shown). Interestingly, delivery visits for farms A, B, C, G and 
J demonstrated higher ETEC: F4 contamination levels than other visits (Table 3). Hence, ETEC: F4 strains present in the 
environment could be transmitted by cross contamination to a vector such as the swine transporter and be brought to other 
farms and/or slaughterhouses. 

Table 1. Spatial distribution of samples positive for ETEC and F4 in the 
farm environment on 3 visits. 

Total of 
samples

No. of samples positive for ETEC and F4 (%)
Feces Objects Tracks Total samples positive 

for ETEC and F4
Farm A 41 4 (10) 5 (12) 1 (2) 10 (24)
Farm B 40 2 (5) 2 (5) 2 (5) 6 (15)
Farm C 38 0 (0) 1 (3) 1 (3) 2 (5)
Farm H 39 3 (8) 3 (8) 1 (3) 7 (18)

Total 388 9 (2) 13 (3) 6 (2) 28 (7)

Table 2. Temporal distribution of samples positive for ETEC and F4 in 
the farm environment. 

Total  of 
samples

No. of samples positive for ETEC and F4 (%)
Visit 1 Visit 2 Visit 3 Total samples positive 

for ETEC and F4
Farm A 41 0 (0) 9 (22) 1 (2) 10 (24)
Farm B 40 0 (0) 5 (13) 1 (3) 6 (15)
Farm C 38 0 (0) 2 (5) 0 (0) 2 (5)
Farm H 39 1 (3) 6 (15) 0 (0) 7 (18)

Total 388 1 (1) 22 (6) 2 (1) 28 (7)

Table 3. Spatial distribution of samples positive for ETEC and F4 in the 
slaughterhouse environment on 2 visits. 

Total of 
samples

No. of samples positive for ETEC and F4 
(%)

Objects Tracks Total samples positive 
for ETEC and F4

Delivery farm A 26 4 (15) 3 (12) 7 (27)
Delivery farm B 27 3 (11) 0 (0) 3 (11)
Delivery farm C 31 2 (6) 1 (3) 3 (10)
Delivery farm G 30 0 (0) 5 (17) 5 (17)
Delivery farm H 29 0 (0) 2 (7) 2 (7)
Delivery farm J 32 3 (9) 3 (9) 6 (19)

Total 272 13 (5) 15 (6) 28 (11)
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The temporal ETEC: F4 virulence gene dis-
tribution permitted the identification of the 
visits when the contamination by the ETEC: 
F4 profile was higher with respect to the 
farms associated with the visits. The analyse 
of this distribution showed that most sam-
ples positive for ETEC and F4 were found on 
the first delivery associated with farms A, B, 
G and J (Table 4). This result suggests these 
farms were a contamination source in the 
network at this time. 

Discussion: ETEC: F4 is responsible for 
post-weaning diarrhea in pigs and its pres-
ence can have a great economic impact on 
production. Hence, it is considered that ETEC: F4 would be a good candidate to describe the transmission of E. coli contam-
ination in a production network. Interestingly, the ETEC: F4 profile was more frequently observed in the environment or 
on objects less accessible for cleaning and disinfection, such as the top of the feeding conveyor and also in the vehicle tracks. 
This suggests that ETEC: F4 strains may be resistant to desiccation and persist in the farm environment. Such environments 
could act as a reservoir, permitting transmission of pathogenic E. coli strains to pigs of successive batches and from one es-
tablishment to another via contamination vectors such as swine transporters. The Stx1 STEC virulence gene was sporadically 
detected in the slaughterhouse fields. Interestingly, this gene is usually associated with STEC strains found in cattle (Beutin 
et al., 1993). As the slaughterhouse in our study is only processing swine, it would be important to investigate possibilities 
explaining the presence of cattle associated STEC isolates in the slaughterhouse environment. A plausible explanation is that 
swine transporters carry other animal species in other production networks outside of our study. 

ETEC virulence genes were detected on every delivery visit to the slaughterhouse. This suggests that the holding field is fre-
quently contaminated with ETEC strains throughout the year. It also strengthens the idea that ETEC: F4 strains are persistent 
in the environment since their virulence genes are detected in the yards of the slaughterhouse. Also, the slaughterhouse could 
act as a reservoir of ETEC: F4 strains, as the yards are known to be frequently visited by transporters. Hence, there is a pos-
sibility of ETEC: F4 transmission back to the production network via the slaughterhouse field. 

Conclusions and perspectives: Our approach gives the opportunity to study the distribution of pathogenic E. coli virulence 
genes in a defined network containing farms and a slaughterhouse over a one year period. The virulence gene spatial distribu-
tion permitted us to identify an ETEC: F4 profile contamination marker in the network to describe contamination events in 
the network. In addition, the virulence gene temporal distribution showed when the contamination marker was more or less 
present in the network. The study of spatial and temporal distribution of samples positive for ETEC and F4 in the production 
network helped to better understand the transmission mode of pathogenic E. coli strains and to prevent possible contamina-
tion events in the network. Some farms presented a higher ETEC: F4 level. The slaughterhouse yards appear to be a potential 
reservoir of contamination. Characterization and comparison of ETEC: F4 isolates from these farms and the slaughterhouse 
could attest a direct link of contamination. Thus, the next step in this study is to isolate the contamination marker strains in 
the positive samples taken in the environment of the network. The genotypic characterization of these strains will then link 
sources with vectors of contamination and contamination events in the network.
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Table 4. Temporal distribution of samples positive for ETEC and F4 in the 
slaughterhouse environment. 

Total of 
samples

No. of samples positive for ETEC and F4 (%)
Visit 1 Visit 2 Total samples positive 

for ETEC and F4
Delivery farm A 26 6 (23) 1 (4) 7 (27)
Delivery farm B 27 3 (11) 0 (0) 3 (11)
Delivery farm C 31 0 (0) 3 (10) 3 (10)
Delivery farm G 30 3 (10) 2 (7) 5 (17)
Delivery farm H 29 2 (7) 0 (0) 2 (7)
Delivery farm J 32 6 (19) 0 (0) 6 (19)

Total 272 22 (8) 6 (2) 28 (10)
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The food industry is constantly searching for new tools to reduce bacterial contamination in the plants. In this study we 
assessed the efficiency of ozonated water as a tool to improve reduction of residual bacterial contamination in a pork cut-
ting plant as a complement of sanitation procedures. First, the effectiveness of the ozonated water was tested on conveyors 
to reduce residual Salmonella, coliforms and aerobic flora load. Three conveyors were selected in the cutting rooms. Ten 
samples of 300 cm2 were collected before and after water or ozonated water rinse. Aerobic flora and coliforms counts were 
done using petrifilms (3M) and Salmonella were detected using the MFLP-75 Health Canada method.  In all the samples, 
Salmonella couldn’t be detected and coliforms counts were below technical threshold limit. Aerobic flora results were com-
pared after water and ozonated water treatments. A statistically significant benefit of 0.64 cfu / 300 cm2 for ozonated water 
rinse was measured on one of the conveyor (t-test p < 0.05). This strategy was also evaluated as a way to eliminate Listeria 
monocytogenes that persists after cleaning and disinfecting operations. Sixteen contaminated sites after these operations 
were selected. They consisted in surfaces on the equipment and conveyors of the cutting rooms and non-contact surfac-
es. Each site was divided in two parts; one half receiving a 3.5 ppm ozonated water treatment (10 seconds application), 
the second part received a water rinse as control. Two to eight swabs were collected on each site. Listeria monocytogenes 
detection was conducted using MFHPB-30 Health Canada method. No statistically significant differences (χ² > 0.05) were 
measured with 62.5 % (10/16) of sites and 37.7 % (26/69) of samples contaminated without treatment and 75 % (12/16) and 
39.1 % (27/69) respectively after treatment. Results show that, in these conditions, the benefit of a supplementary ozonated 
water treatment in the cutting room is low and has no industrial relevance. This could be caused by the presence of residual 
organic matter on the surfaces, which reacts with ozone molecules.
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E-mail: ann.letellier@umontreal.ca, Fax : (450) 778-8157 

Introduction
The food industry is constantly searching for new tools to reduce bacterial contamination in the plants. One of the most 
promising alternatives or complement to traditional disinfectant is ozone. This molecule composed of three oxygen atoms 
is a very powerful oxidative product (Oxidation potential of 2.07 mV) which gives it a strong bactericidal power (Gu-
zel-Seydim et al., 2004). Indeed, this molecule has been shown to kill a wide variety of microorganisms that are relevant in 
the food industry such as Listeria monocytogenes, Salmonella and E. coli, but also to reduce microbial spoilage (Choi et al., 
2012; Khadre et al., 2001). The ozone has been shown to oxidize bacterial proteins, enzymes, peptides and cause damage 
to nucleic acid but also to cause a degradation of the cell envelope (Thanomsub et al., 2002; Zhang et al., 2011). This tech-
nology is already in use as tool for water disinfection and studies have shown its effectiveness in vegetable and fruits disin-
fection (Choi et al., 2012). Since, ozonated water has been declared as generally regarded as safe (GRAS), leaves no toxic 
residues and can be produced directly on site for a low cost, it has been described as a good alternative to chlorine-based 
disinfectant (Aguayo et al., 2013; Khadre et al., 2001). However information is still missing on its effectiveness as a tool to 
reduce the surface contamination in a meat production context.

For the porcine industry, this technology is also interesting in the context of the reduction of Listeria monocytogenes. This 
microorganism is a major foodborne pathogen and causes outbreaks that have frequently been linked with processed pork 
meat (Pichler et al., 2009). In 2008, an outbreak, associated with cold cuts occurred across Canada, affecting 57 persons and 
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causing 22 deaths (Weatherill, 2011). It has been shown that Listeria monocytogenes persists on the equipment and in the en-
vironment of the pork meat production and could be responsible for the contamination of the final product (Carpentier and 
Cerf, 2011). The biofilms formed by Listeria monocytogenes are hard to eliminate and can persist even after cleaning and di-
sinfection of the plant (Carpentier and Cerf, 2011). Hence, in this context, adding an ozonated water wash could be beneficial. 

The objective of this study is to assess the potential of the ozonated water as a new tool in the cleaning and disinfection pro-
cedure of the cutting room in a pork meat production plant but also to evaluate its use as a tool to reduce Listeria monocy-
togenes persistence in its environment.

Material and Methods
To assess the bactericidal potential of the ozonated water, three conveyor belts were selected and sampled in the cutting room 
of the plant. Each conveyor was separated in three parts. One part was sampled before treatment as control; one was sampled 
after a treatment with water only and the last one after a 3.5 ppm ozonated water treatment (10 seconds application). On three 
different occasions, 10 swabs of 300 cm2 were collected on each part on the conveyor 1 and 2, and 5 swabs on the conveyor 3.

Salmonella detection was conducted on the 225 samples collected on the conveyors using a method based on the MFLP-75 
Health Canada method. A pre-enrichment was conducted in nutrient broth for 24h at 37°C and was followed by a selec-
tive enrichment on MSRV semi-solid media 48h at 42°C. Plates with suspect migration were inoculated on BGS agar and 
incubated for 48h at 37°C. Presumptive colonies were tested biochemically using TSI and Urea test and slide agglutination. 
Coliform and aerobic flora counts were conducted using petrifilms (3M).

Contamination reduction was then compared for the two treatments using t-test (Graphpad 6.0 prism).

To assess the effect of adding an ozonated water wash to the cleaning and disinfection protocol as a tool to reduce Listeria mono-
cytogenes persistence, sites that were previously identified as contaminated by this microorganism after cleaning and disinfection 
were sampled in the cutting room. The selected sites mostly consisted of equipment and environmental surfaces. Each identified 
site was separated in two with one part treated with a supplementary 3.5 ppm ozonated water treatment for 10 sec. Two to eight 
swabs of 300 cm2 were collected on the treated and non-treated part of sites on three different visits in the plant.

Listeria monocytogenes detection was conducted on the 138 samples using a method based on the MFHPB-30 Health 
Canada standard technique. Briefly, the first enrichment was conducted in UVM-1 broth for 24h at 30°C and the second in 
Fraser broth for 48h at 37°C. Both broths were inoculated on ALOA agar and incubated for 48h at 37°C. Confirmation of 
the species of the typical isolate was conducted by evaluating hemolysis, CAMP test, motility in semi-solid agar and carbo-
hydrates use in broths (xylose, rhamnose, mannitol).

The effect of the treatment on the presence of persisting Listeria monocytogenes was analysed using the Chi-squared test 
(Graphpad 6.0 prism).

Results
On the three sampled conveyors, no Salmonella 
was detected and Coliform contamination was 
below the detection technical threshold of 30  
cfu / 300 cm2.
 
Initial aerobic flora contamination of the con-
veyors‘ surfaces was between 2.84 and 4.53 log 
cfu / 300 cm2 and there was a significant diffe-
rence of contamination between these different 
conveyors (ANOVA p < 0.05). For the conveyor 
no. 1 and 2, no significant difference of reduc-
tion was measured between the ozonated water 
treatment and the water only treatment. Howe-
ver on the conveyor 3 (presenting a higher ini-
tial residual contamination), a significant diffe-
rence of reduction of 0.64 log cfu was measured, 
showing a bactericidal effect of the ozone (t-test p<0.05). (Table no.1)

Table no 1: Aerobic flora reduction after water or ozonated water wash on 
three different conveyor belts. 
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Listeria monocytogenes was detected on a total of 
13 of the 16 sites that were sampled (81.3%) and 
in 53 of the 138 of the individual samples. It was 
found on 10 of the 16 sites and 26 of the 69 indivi-
dual samples before treatment and on 12 of the 16 
sites and 27 of the 69 samples after ozonated water 
treatment. No significant difference was measured 
when comparing the sites with or without ozonated 
water treatment (Chi squared p>0.05)(Table no 2).

Discussion
The results obtained on the conveyors first showed that after the cleaning and disinfection protocol, these working surfaces 
are exempt of Salmonella and that if coliforms are present it is only in very low levels. Hence we were not able to measure 
any effect of the ozonated water on these microorganisms.

For the aerobic flora the three conveyors had different levels of initial contamination. The products that are processed on 
these conveyors that have various level of contamination or their ease of washing during cleaning and disinfection could 
explain these differences. On the first conveyor a non-significant augmentation was measureed after the two treatments 
that could be explained by a resuspension of bacterial cells from biofilm by the water. However on the second one, a 
non-significant reduction was obtained using ozonated water and on the third conveyor a significant difference between 
the water wash and the ozonated water wash was observed with a higher reduction obtained using the ozonated water 
treatment. This shows that, in some context, the added ozone molecules have an added bactericidal potential to the physi-
cal effect of the water. The variable results obtained on the three conveyors could be explained by the presence of different 
levels of organic matter that the different processed product leave on the tested surface. Since ozone is an extremely reactive 
molecule, it can easily react with the fat or meat residues lowering its availability to a level where it has no antibacterial ef-
fect (Yousef et al., 2001).  However with an added reduction of only 0.64 log cfu / 300 cm2 this reduction has no real indus-
trial relevance.

Since the bactericidal effect of the ozonated water treatment was show in the previous experiment, it was also tested as a 
tool that can be applied on selected sites that are at risk for Listeria monocytogenes persistence. As expected, a large part 
(13 of the 16) of the sites that we had pre-selected were contaminated after cleaning and disinfection indicating that this 
microorganism can persist in the cutting room environment of this plant as described in the literature (Carpentier and 
Cerf, 2011). However our results showed that adding ozonated water rinsing that targeted these sites had no significant 
effect on the presence of persisting Listeria monocytogenes for the individual samples or sites in the plant. Once again it 
could be explained by the presence of residual organic matter in the plant’s environment. 

Conclusion
The results obtained in this study showed that, in the conditions found in the cutting plant, ozonated water can have an 
added bactericidal effect when compared to tap water. However with a maximum reduction of 0.64 log cfu / 300 cm2 the 
efficacy of an ozonated water treatment is low and has no industrial relevance. Furthermore we found no reduction on 
persisting Listeria monocytogenes presence after the addition of an ozonated water treatment step on targeted sites. In the 
context of this study, these results could be caused by residual presence of organic matter on the surfaces, which reacts with 
ozone molecules.
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Abstract 
If some studies have attempted to mitigate the Salmonella spp. excretion in pigs by feed related interventions, none clearly 
demonstrated the impact of the presentation (mash or pellet and particular size). Thus this study aimed to determine if the 
modification of the pigs feed presentation alone can lower the Salmonella spp. excretion. To do so, 144 eight weeks aged 
piglets, previously confirmed as homogeneously in contact with Salmonella during post-weaning, were given diets that var-
ied only by the particle size (500, 750 or 1250 µm) and/or the texture (mash or pellet). During the fattening period, they 
were individually sampled for blood and feces collection after 0, 21, 46 and 88 days of specific diet. Colons and caecums 
content were also sampled at the slaughterhouse. There were more pigs from the pellet groups shedding Salmonella spp. 
in their feces after 21 (p=0.012) and 88 days (p=0.002) and in their colon content at slaughter (p=0.026) than from the 
mash feed groups. In contrast with the literature, no seroconversion significant differences were found between the differ-
ent groups. Real-time PCR analyses revealed that pigs from the pellet groups had significantly less Bifidobacterium spp. 
in their feces than those from the mash feed groups at day 21. At the same date, a 16S rRNA gene amplicon analysis of the 
fecal microbiota using Ion TorrentTM sequencing revealed a significantly lower representation of the Spirochaetes phylum in 
the feces of pigs from mash feed groups. It also indicated significantly more bacteria of the Fibrobacteres phylum and less 
Chloroplast in the feces of pigs from pellet feed groups. Correlation between Salmonella mitigation efficiency and changes 
in microbiota will be tested. Our data are compatible with the fact that a mash feed would promote a healthier gut microbi-
ota while pellet feed would promote better digestion efficiency.

Introduction
Modifying the pigs feed to mitigate the presence of Salmonella spp. in herds at the farm level while increasing gut health 
and reducing the use of antibiotics is gaining in popularity over the years. Many solutions have been explored but none re-
sulted in the elimination of the pathogen. These strategies are believed to be associated with beneficial modifications of the 
gut microbiota and its production of antibacterial element (Mountzouris, et al., 2006). One promising strategy is the use 
of mash feed instead of the commonly used pellet feed (Lo Fo Wong, et al. 2004). In their review comparing feed manage-
ment practices and feed characteristics associated with Salmonella prevalence, O’Connor et al. (2008) came to similar con-
clusions based on serological data. Unfortunately, none demonstrated a Salmonella spp. shedding reduction or any modifi-
cation of the microbiota that would go along with it. It is also important to notice that in most studies many variables were 
different between the compared diets (composition, particle size, texture, heating process, etc.). The goal of this study was 
to investigate on modifications of the pigs gut microbiota that would explain or go along with a reduction of Salmonella 
spp. shedding on the farm when only the feed presentation is modified (mash or pellet/particle size).

Material and Methods 
On farm
A batch of nine hundred 5 weeks old piglets, known to have been in contact with Salmonella spp. at the nursery, were split 
(10 per pen) into 6 groups. Each group received a different diets varying only by their particle size (500, 750 or 1250 µm) 
or texture (mash or pellet). Pellet 500 being the reference group from the industry. Individual blood and feces samples were 
taken as well as colon content at slaughter on 144 of the pigs (24 per diet, 2 per pen) on days: 0, 21, 46 and 86. An aliquot 
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of the feces was put into liquid nitrogen and later kept at -80° C for molecular biology analysis and the rest was kept at 4° C 
until beginning of the analyses.

Blood analysis
Salmonella spp. seroconversion was followed by a commercial ELISA kit (Maxivet, St-Hyacinthe, Quebec, Canada) devel-
oped to detect serological response to more than 95% of Salmonella serotypes commonly found in Canada (Letellier, A, 
2009). Sera were analysed by the diagnostic service of the Faculté de Médecine Vétérinaire of the University of Montreal.

Salmonella spp. detection
We used a modified version of the ISO 6579 annexe D for the detection of Salmonella spp. in feces and environment (BPW 
18-24h at 37° C, MRSV 48h at 42° C, isolation on BGS and XLD 24h at 37° C followed by biochemical and sero-agglutina-
tion confirmation).

Real-time PCR
DNA extraction (mechanical lysis followed by a phenol-chloroform extraction) was performed on all samples. Real-time 
PCRs, using the parameters shown in table 1, were performed on the samples of interest using an Eco® Illumina® real-time 
PCR with EvaGreen® qPCR mix as recommended by the manufacturer. For lactobacilli and enterobacteria, 15 ng of DNA 
and a final primer concentration 1 µM was used. For the Bifidobacterium genus, the amplifications reactions consisted of 
10 ng of DNA with a final primer concentration of 0.25 µM. The standard curves for each reaction were obtained by di-
luting the precipitate of PCR product realized in the same conditions with the following reference strains L. acidophilus 
ATCC314, E. coli 25922 and B. Longum ATCC 15707. Results were expressed as log of copies/10 ng of DNA used.

Table 1. Real-time PCR parameters.

Group Primers Length Cycles
Lactobacilli

(Castillo, et al. 2006)

LB-F : GCAGCAGTAGGGAATCTTCCA  

           (Tm=57 °C)

LB-R : GCATTYCACCGCTACACATG  

           (Tm=57 °C)

@200 pb Init. Den : 10m@95°C

40 cycles: 15s@95° C

                   1m@60° C

Enterobacteria

(Castillo, et al. 2006)

Ent-F : ATGGCTGTCGTCAGCTCGT 

           (Tm=60 °C)

Ent-R : CCTACTTCTTTTGCAACCCACTC 

           (Tm=60 °C)

364 pb Init. Den. : 10m@95°C

40 cycles : 15s@95° C

                   1m@60° C

Bifidobacterium spp.

(Matsuki, et al. 2004)

Bif-F : CTCCTGGAAACGGGTGG 

           (Tm=53 °C)

Bif-R : GGTGTTCTTCCCGATATCTACA 

           (Tm=53 °C)

550 pb Init.: 5m@94°C

40 cycles : 20s@94°C

                   20s@55°C

                  50s @72°C

16S rRNA gene sequencing

PCR of the partial 16S rRNA was performed using the universal primers F343 (5’- TACGGRAGGCAGCAG-3’) and R533 
(5’- ATTACCGCGGCTGCTGGC-3’) containing the 10-bp multiplex identifiers (MID) and adaptor sequences for Ion 
Torrent sequencing on DNA extract from the fecal samples of each pig (Yergeau, et al. 2012). PCR products were purified 
on 2% agarose gel and pooled in an equimolar ratio and sequenced together. A total of 3.50x107 molecules were used in an 
emulsion PCR using the Ion OneTouch 200 Template Kit v2 (Life Technologies) and the OneTouch instruments (Life Tech-
nologies) according to the manufacturer’s protocol. The sequencing of the pooled library was done using the Ion Torrent 
Personal Genome Machine (PGM) system and a 316 chip with the Ion Sequencing 200 kit according to the manufacturer’s 
protocol. Sequence data were analyzed by using the Ribosomal Database Project Pyro-sequencing Pipeline (http://pyro.
cme.msu.edu/, RDP release 10, update 26). The sequences, deconvoluted and binned, were trimmed by using the Pipeline 
Initial Process tool. Datasets containing MID sequences associated with the 16S rRNA gene amplifications were individual-
ly classified using the RDP Classifier tool with an 80% bootstrap cutoff (6).
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Results
Salmonella spp. detection
As shown in tables 2, no significant differences 
in Salmonella spp. shedding was found at D0. At 
D21, D88 and in the colon content at slaughter, 
more pigs from the pellet feed diets were shed-
ding Salmonella spp. (p=0.012, p=0.002 and 
p=0.026 respectively) than from pigs on mash 
diet (Table 2).

Real-time PCR
The lactobacilli and enterobacteria groups and 
their ratio (lactobacilli/enterobacteria) were 
similar from group to group. On the other side, 
Bifidobacterium spp. were more present in feces 
from the mash feed groups compared to the 
pellet feed groups (all particle size together) and 
higher values in the mash 1250 µm compared 
to the 3 other groups tested on day 21 (p<0.05) 
were noted (Table 3).

16S rRNA gene sequencing

At day 21, four phyla showed significant differences in between the pigs from the different diets. While Spirochaetes and 
Fibrobacteres were found in greater numbers in the feces from the pellet groups compared to the mash groups; Firmicutes 
and Cyanobacteria/Chloroplast phylums were found in lesser numbers in the same samples. The higher representation of 
Spirochaetes is mainly due to bacteria from the Treponema genus. Similar link can be made for the Fibrobacteres: Fibro-
bacter being the only representing genus of its phylum in this analysis. Unfortunately, such a link cannot be made for now 
to conclude on the higher presence of Firmicutes in the samples from the mash groups because of the higher diversity of 
bacterial from this phylum in the gut microbiota. Finally, the higher proportion of Cyanobacteria/chloroplast in the mash 
is caused by a greater presence of cells of the Chloroplast family.

Discussion
This study clearly showed that it is possible to modify the Salmonella spp. excretion in pigs by the modification of feed 
texture and size of particles without modification of the formula. This reduction was present at the beginning and the end 
of the fattening period (D21 and D88) and maintained in the colon content at slaughter despite the known increasing effect 
of transportation stress on this pathogen. 

These reductions go along with the raise of Bifidobacterium spp. count observed in the mash feed groups. In fact, bacteria 
of this genus have often been associated with a raise in antibacterial compound such as volatile fatty acids (Mountzouris, 
et al., 2006). A higher presence of Treponema spp., another potential pathogen, was also revealed in the feces from the pigs 
fed pellet feed by the metagenomic analyses. These three put together indicate a better gut health for the pigs fed the mash 
feed diets compared to those feed pellet feed diets (all particle size together). 

On the other side, more Fibrobacter spp., an important agent in the degradation of cellulose was found in greater number 
in the groups fed pellet feed. Which also correspond with the lesser presence of chloroplast, an indicator of the presence of 
vegetal cells. Therefore, the higher presence of bacteria being able to digest vegetal cells in the pellet groups linked with a 
lower presence of vegetal cell fits with the observations made in other studies where pigs fed mash feed would get a better 
gut health but would suffer a lesser digestion efficiency.

Conclusion 
Our study is the first one to demonstrate the benefit of the pigs feed presentation (texture or particle size) alone on Salmo-
nella spp. fecal shedding. Other specific changes in the microbiota were measured as an effect of the different diets used. 
The data from this study are compatible with the fact that mash feed would promote a healthier microbiota compared to a 

Table 2. Total of pigs in the mash or pellet groups excreting Salmonella 
spp. on days 0, 21, 46, 88 and positive colon content at slaughter. Leg-
end: Data with (b) notice are significantly higher than data with (a) 
notice from the same date.

Texture D0 D21 D46 D88 Colon content
Mash (n=72) 31 16 (a) 9 5(a) 10(a)

Pellet (n=72) 36 30 (b) 14 19 (b) 21 (b)

Table3. Log of copies of Bifidobacterium spp. 16S RNA gene/10 ng of 
DNA from pig feces on day 0 and 21. Legend: Data with (a) or (c) noticed 
are significantly higher than data with respectively (b) or (d) notice.
Date Pellet 

500
(n=24)

Pellet 
1250
(n=24)

Mash 500
(n=24)

Mash 1250
(n=24)

Total 
Pellet
(n=72)

Total 
Mash
(n=72)

D0 3.52 3.62 3.40 3.52 3.57 3.46
D21 3.25(b) 3.32 (b) 3.39 (b) 4.23 (a) 3.29 (d) 3.81 (c)
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better digestion efficiency for pellet feed.
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Abstract
With the aim to improve growth of weaning piglets and to minimize incidence of intestinal diseases, the effect of a 
combination of functional foods able to stimulate the development of systemic and mucosal immune system and to 
modulate bacterial populations in the gut was evaluated. In this study, we assessed the impact of functional foods on the 
course of Salmonella infection in piglets. Piglets from different litters were weaned at 21 days of age and assigned to 1 of 
the 4 feed additives (8 litters per treatment) as follow: 1-control (CTRL), 2-antibiotic (ATB), 3-cocktail of functional foods 
(CFF), 4-bovine colostrum + cocktail of functional foods (COL-CFF). At 49 days of age (day 0), four piglets per litter 
were orally inoculated with 1X108 CFU of Salmonella Typhimurium. A clinical exam was done for each piglet twice a day. 
Fecal samples were taken to evaluate the Salmonella shedding before and post-infection (days 1, 3, and 7 post-infection). 
Before challenge and on days 2 and 6 post-infection, blood samples were taken from all piglets to evaluate serum level 
of prostaglandin E metabolite (PGEM), tumor-necrosis-factor-α (TNF-α) and interleukin-8 (IL-8). At days 3 and 4 
post-infection, pigs from ATB group showed no diarrhea compared to pigs from CTRL and CFF groups. At days 4 post-
infection, pigs from COL-CFF group showed no diarrhea compared to pigs from CTRL and CFF groups. Regarding fecal 
excretion at day 1 post-infection, in ATB group, pigs showed lower Salmonella fecal excretion than in CFF group and the 
lower weight piglets showed a higher fecal excretion than the higher weight piglets. The ATB group pigs showed a lower 
Salmonella fecal excretion level than pigs from CTRL group at 3 days post-infection. A significant time effect indicated 
that serum level of PGEM was significantly reduced 2 and 6 days post-infection in comparison to day 0 (before challenge) 
whereas TNF-α and IL-8 levels were significantly increased after Salmonella challenge.

Introduction
In our strategy to improve development and health of weaning pigs and to minimize incidence of diseases caused by 
different pathogens such as Escherichia coli (Fairbrother et al., 2005) and Salmonella (Berger and Wierup, 2012), the 
effect of a combination of functional foods capable of modulating the development of systemic and mucosal immune 
system, physical barrier of the intestine and bacterial populations in the gut need to be further examined. Among 
functional foods, bovine milk by-products, including colostrum and whey, cranberry products, essential oil, probiotics, 
prebiotics, essential fatty acids and vitamins are considered as good candidates. For example, both colostrum and milk 
are rich in oligosaccharides and these molecules have the potential to inhibit binding of enteric pathogens to intestinal 
host cell receptors (Newburg et al, 2005). Cranberry has been shown to have beneficial effects on health through their 
antioxidant property and antimicrobial activity against foodborne pathogens (Wu et al., 2008). Recent study on essential 
oils as alternative to antibiotics have demonstrated that some essential oils demonstrated a good potential to antimicrobial 
activity towards bacterial pathogens found in pigs (including S. Typhimurium) (Si et al., 2006). Probiotics are bacteria 
with beneficial effects on host gut health through immunomodulation (Lessard et al. 2009). In this study, we evaluated 
the impact of functional foods on Salmonella carriage in pigs, more specifically; we evaluated the presence of Salmonella 
in different organs, clinical signs and level of prostaglandin E metabolite (PGEM), tumor-necrosis-factor-α (TNF-α), and 
interleukin-8 (IL-8) in sera. 
 
Material and Methods
Salmonella challenge strain dose and detection: Salmonella Typhimurium DT-104 strain #4393 rifampicin resistant, 
isolated from a clinical case of salmonellosis (Côté et al, 2004), was used for inoculation. The isolate was thawed on 
nutrient agar and was grown in Buffered Peptone Water medium in a shaking incubator at 150 rpm, both at 37°C. The first 
part of the project was to determine the proper dose of S. Typhimurium needed to establish the carrier state in piglets and 
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to characterize the Salmonella infection kinetic. Three groups of 10 piglets were exposed to different oral doses (1X104, 
1X106 or 1X108 CFU) of S. Typhimurium strain #4393. The research of Salmonella in feces, mesenteric lymph nodes and 
junction ileo-ceacal was carried out using a modification of ISO6579 2002(E): Annex D, using BGS agar with rifampicin as 
the single isolation medium.

Design of the study: At the Dairy and Swine R&D Center, 48 sows were inseminated to obtain 32 litters of piglets. Four 
farrowing periods were planned to do 4 experimental infections. At each farrowing period, 8/12 sows and their litter 
were chosen for the experimental infection. After 14 days of lactation, the 4 smaller and 4 bigger piglets were identified. 
At weaning (20-21 days-old), the 4 smaller piglets were put in the same pen and the 4 bigger piglets were in another pen. 
Then, they were assigned to 1 of the 4 feed additives as follow: 1- Basic diet + 3,5% plasma proteins (CTRL), 2- Basic diet 
+ 3,5% plasma proteins + antibiotics (ATB), 3- Basic diet + 3,5% plasma proteins + cocktail of functional foods (cranberry 
extract, encapsulated calvacrol (kindly provided by Drs Wang and Gong, Guelph, AAFC), yeast extract, vitamins and 
mineral with organic Se, vitamins A, D and B, probiotic Pediococcus acidilactici MA18/5M) (CFF), and 4- Basic diet + 
bovine colostrum + cocktail of functional foods (COL-CFF).

Twenty-one days after weaning (day 42), all remaining piglets (2 smaller and 2 bigger piglets/litter) were transferred in level 
II facilities of the Veterinary School in St-Hyacinthe for 7 days of acclimation before the experiment. An individual clinical 
exam was done each day during the acclimation period: general state (score 1 to 6), respiration, body temperature, and 
consistency fecal score (0-3). Feces samples were collected 24 hrs after their arrival to be sure that piglets were Salmonella 
free before to start the experiment. One week after transfer (day 49), piglets were orally inoculated with S. Typhimurium 
DT-104 #4393 at 1X108 CFU, and an individual clinical exam was done twice a day has described above. Fecal samples were 
taken to evaluate the Salmonella post-infection shedding (days 1-3-7). On days 2 and 6 post-infection, blood samples were 
taken from all piglets to evaluate serum level of PGEM, TNF-α, and IL-8. Three and 7 days post-infection, two piglets per 
litter were euthanized (1 smaller/1 bigger). Ileo-ceacal junction and mesenteric lymph nodes were collected to detect and 
quantify Salmonella. 

Data analysis: Body temperatures and cytokines were analyzed using a repeated-measures linear model with treatment 
as a between-subject factor, time as a within-subject factor and block and id within the block as random factors. A priori 
contrasts were performed between pairs of means using the sequential Bonferroni procedure to adjust comparison-wise 
alpha levels. Categorical data (such as consistency fecal scores) were analyzed using the Cochran-Mantel-Haenszel test. An 
exact chi-square test was used to test the relationship between prevalence data in different compartments (feces, junction, 
and rectum) and treatment separately at each time period. Log10 transformed bacterial counts were analyzed using a 
mixed linear model with treatment as a fixed factor, id as a random factor and sex, weight and dose as co-factors. Tukey’s 
post-hoc tests were used to compare pairs of treatment means. The level of statistical significance was set at 0.05 and 
analyses were carried out using SAS v.9.3 (Cary, N.C.). 

Results
In the first part of the study, results showed that piglets from group 3 (1X108 CFU) demonstrated the higher level of carrier 
state during the Salmonella challenge and this dose was used for the second part of the study on the impact of functional 
foods on the course of Salmonella infection in piglets. All piglets were Salmonella free before to start the experiment. For 
the clinical exam, no significant observations were noted between the groups. The majority of animals presented a normal 
respiration and a general state score (1). The temperature varies significantly in the time (p<0.0001) and it is similar from 
a group to other one, without any group effect. At days 3 and 4 post-infection, pigs from ATB group showed no diarrhea 
compared to pigs from CTRL and CFF groups. At days 4 post-infection, COL-CFF group pigs showed no diarrhea 
compared to pigs from CTRL and CFF groups. In a general way, the majority of piglets showed presence of Salmonella 
in feces, in mesenteric lymph nodes and in the ileo-ceacal junction at days 1, 3 and 7 post-infection. Regarding fecal 
excretion level at day 1 post-infection, pigs from ATB group showed lower Salmonella fecal excretion level than CFF group 
(P=0.0494) and the lower 
weight piglets showed a 
higher fecal excretion level 
than the higher weight 
piglets (P=0.0002). The 
ATB group pigs showed 
a lower Salmonella fecal 
excretion level than CTRL 
group at 3 days post-
infection (p=0.0157). 

Table 1: Effect of Salmonella infection on blood prostaglandin (PGEM), tumor-necrosis-
factor-α (TNF-α) levels and interleukin-8 (IL-8).

Inflammatory 
Factor

Day 0 Day 2 post-
infection

Day6 post-
infection

SEM D0 vs. D2 
(P value)

D2 vs. D6 
(P value)

PGEM (pg/ml) 151.0 107.1 85.9 10.5 <0.001 <.0.001
TNF-α (pg/ml) 44.4 59.7 60.1 4.9 <0.001 0.60
IL-8 (pg/ml) 238.2 225.8 323.45 42.0 0.20 0.02
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At 7 days post-infection, a significant interaction (p=0.0146) was observed between the treatment and the weight on the 
quantification of Salmonella in the lymph nodes. The lower weight piglets in the ATB group pigs were more colonized by 
Salmonella in lymphatic nodes than the higher weigh piglets. The opposite scenario was observed for piglets in the CFF 
group pigs. 

A significant time effect showed that PGEM level was significantly reduced 2 and 6 days post Salmonella challenge whereas 
TNF-α and IL-8 were respectively increased on day 2 and day 6 after Salmonella challenge (Table 1). Dietary treatments 
had no effect on PGEM, TNF-α, and IL-8 serum level.

Discussion
In the first part of this study, we developed a reproducible model for future studies on strategies to control Salmonella in 
pigs. Piglets infected with 1X108 CFU of Salmonella Typhimurium DT104 showed the highest level of carrier state during 
the Salmonella challenge. During protection assays, the use of colostrums and probiotics in a functional food (COL-CFF) 
showed a reduction of diarrhea and this observation is also seen with the ATB group. Bovine milk by-products have been 
demonstrated to contain bioactive molecules with immuno-regulatory and antimicrobial properties (Cross and Gill, 
2000; Schlimme et al., 2000). Both colostrum and milk are rich in oligosaccharides and there is evidence that neutral 
oligosaccharides present in milk are not digested or absorbed into the small intestine, but instead delivered into the colon 
(Boehm and Stahl, 2007). These molecules have been shown to play an important role in the establishment of different 
bacterial populations in the gut (Kuntz et al., 2008) and have the potential to inhibit binding of pathogenic Gram-negative 
bacteria such as E. coli to intestinal host cells (Newburg et al. 2005). Because of all these functional properties, bovine 
colostrum could then be more appropriate then plasma protein as protein source in weanling diet.  

In this study, Salmonella infection was efficient in modulating the release of inflammatory mediators such as PGEM, 
TNF-α and IL-8. Our results are in contradiction with another study from Balaji et al (2000) indicating that Salmonella 
infection did not alter plasma TNFα and PGE2 in pigs. These authors hypothesized that PGE2 released by inflammed gut 
tissue remain sequestered locally and does not contribute to elevate PGE2 in blood (Balaji et al, 2000). However, it has been 
reported that the clinical state of Salmonella orally infected pigs correlated with bacterial translocation and levels of the 
inflammatory cytokines IL-8 and TNF-α  in plasma and intestinal lavages (Splichalova et al. 2011).  In our study, it is also 
interesting to note that plasma level of TNF-α and IL-8 differently varied with the course of infection.  

Conclusion
This study permit to determine the proper dose of S. Typhimurium DT104 needed to establish the carrier state in piglets 
and to characterize the Salmonella infection kinetic. This model is useful to evaluate the mechanisms of action of natural 
feed additives strategies as alternative to antibiotics to control Salmonella infection and at the end reduce risk of foodborne 
infection in human but more investigations are needed to adjust the feed treatment and optimize the efficacy.
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Abstract
A stochastic model which simulates the dynamics of Salmonella Typhimurium in moderate to highly infected far-
row-to-finish farms in Portugal was developed. The model comprises six different stages: three at the reproductive phase 
(sows) and another three for pig growth. Infection dynamics of Salmonella are modelled for each stage with four infection 
transition parameters: susceptible to infectious (β), infectious to carriers (α), carriers to infectious (δ), and carriers to sus-
ceptible (θ); and thee health status: susceptible, infectious and carrier. The infection transition parameters were estimated 
based on field conditions and the ones that influence the infectious state the most, at the end of the fattening stage, were: 
the transition rate from susceptible to infectious (β) in all pig-compartments, and the piglets’ immunity protective factor. 
Several control measures can be suggested to reduce the effect from those parameters. The simulation model, if coupled 
with an economic model can then be used to test control measures, in terms of their cost-benefit, and the reduction of the 
prevalence in these moderated to highly infected farms will have an impact on human burden. The simulation model is 
flexible enough to introduce changes in the parameter values appropriately if future research and changes in the legislation 
so require. The model can also be adapted to different types of production (e.g. breeding, weaners or finishers units) as it 
was built in a compartmental way.

Introduction
Salmonella spp. is one of the major causes of food-borne outbreaks in the world (the second cause in Europe). As such, 
its control was considered necessary by the European food-safety policy makers under the EC Regulation 2160/2003. In 
practice, however, the control of this agent has proved to be difficult and expensive at farm level. Consequently the evalu-
ation of the efficiency of control strategies for this agent has become an important and stringent issue, as stated in recent 
reports (Consortium, F. 2010). Modelling the dynamics of Salmonella spp. in pigs can be useful when assessing alternative 
control strategies. Susceptible – Infectious – Resistant (SIR) models are attractive tools in assessing the disease dynamics. 
The SIR model describes the dynamic of different states of individuals in the population in terms of a system of ordinary 
differential equations. The variables in the system are given by three compartments: susceptible group (S), infectious group 
(I) and carrier group (R). The aims of this study were: a) to develop a stochastic model which incorporates a production 
model with an infection model (the production model simulates the management procedures of an average farrow-to-fin-
ish Portuguese pig farm, while the infection model simulates the Salmonella Typhimurium infection in the farm); and b) 
to identify the parameters which influence most the model results at different compartments and stages of life within these 
compartments. The ones which influence most the infectious state at fattening stage were: the transition rate from suscepti-
ble to infectious (β) in all pig-compartments, and the piglets’ immunity protective factor.

Material and Methods
The model simulates a farrowing-to-finish herd in which batch farrowing is applied to sows, leading to batch management 
of pigs. In these herds the complete life cycle of sows is considered, from the time they are recruited until they are culled; 
also the same for pigs, from their birth till slaughter. The duration of the sow reproduction cycle depends of the weaning 
time of the piglets which was fixed at 4 weeks. The pig growth period was fixed at 26 weeks. The modelling unit was the 
batch (for sows and pigs) and the time unit was one week. The reproduction cycle was divided in three stages (mating 
period, gestation period and farrowing/suckling period) corresponding to the occupation of three different types of rooms. 
Each batch of pigs composed of the litters from the batch of sows. The pig growth was divided in three stages (sucking pe-
riod, post-weaning period and fattening period) corresponding to the occupation of three different types of rooms. All an-
imals simultaneously leave the room they occupied except for the sows which abort at gestation. Mortality, culling, insem-
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ination failure, abortion and litter size were the production variables modelled using a binomial distribution. The infection 
model was based on a SIR model for Salmonella. Direct transmission between the pigs in the batch was assumed as well 
as indirect transmission via contaminated floor, rodents, etc. The transmission parameters considered were the transition 
from S to I (β), the transition from I to R (α), the transition from R to I (δ), and the transition from R to S (θ). Due to the 
short life span of pigs, it was assumed that they could not experience the transition from carrier to susceptible. The binomi-
al distribution was used 
to simulate the transition 
S to I, and I to R. For the 
transition R to I; and R 
to S, Poisson distribu-
tions were used. For the 
transition S to I, a cohort 
time-dependent random 
effect was included to em-
ulate the dynamic struc-
ture of the spreading of 
infection within cohorts, 
where the velocity of 
infection dependents on 
the number of susceptible 
and infectious animals 
in the previous time step. 
In the sensitivity analy-
sis of the model, all the 
production variables and 
infection parameters were 
increased and decreased 
by 50% and the results 
were compared with the 
original results from the 
unperturbed parameters. 
The values and sources of 
the model variables and 
parameters are shown in 
Table 1.

Results
Results are shown in 
Table 2. The proportion 
of infectious sows was 
similar within the differ-
ent rooms. There was an 
increase on the preva-
lence of infectious and 
carrier pigs along time 
for the pig compartment 
(piglets, growers and fin-
ishers), while the number 
of susceptible pigs went 
down. The prevalence of 
infectious animals in the 
pig compartment is lower 
than the prevalence of 
infectious sows in the sow 

Table 1: Model variables and parameters
Variables and parameters Random/fixed Value Reference
Average number of sows per herd Fixed 264 a, b

Median number 
of pig per pen

Post-weaning Fixed 25 a

Fattening Fixed 17 a

Duration 
(weeks)

Mating Fixed 6 c

Gestation Fixed 10 c

Farrowing - sows Fixed 5 c

Maternity - piglets Fixed 4 b

Post-weaning Fixed 8 c

Fattening Fixed 14 c

Mortality proba-
bility (per week)

Mating Fixed 0.000833 c

Gestation Fixed 0.00357 c

Farrowing – sows Fixed 0.001786 c

Farrowing – piglets Fixed 0.0275 b

Post-Weaning Fixed 0.00375 a

Fattening Fixed 0.00357 a

Artificial insemination success probability – 
applied in the end of mating (pins)

Squared root of a 
Weibull distribution

10.31 (mean), 
0.77 (sd)

b

Abortion probability (per week) Fixed 0.0025 c

Culling proba-
bility

After failing insemination Fixed 0.017 at end of 
mating

c

After abortion Fixed 0.017/week c

Voluntary culling Fixed 0.333 at end of 
farrowing

c

Litter size
Normal distribu-

tion (the final value 
was rounded)

10.45 (mean), 
0.87 (sd)

b

Transmission parameter or transition rate from 
susceptible to infectious (β)

Random (posterior 
distribution)

0.34/week 
[0.17-0.66]

d

Transmission parameter or transition rate from 
infectious to carrier (α)

Random (posterior 
distribution)

0.27/week 
[0.24 – 0.30] 

d

Transmission parameter or transition rate from 
carrier to infectious (δ)

Random (posterior 
distribution)

0.09/week 
[0.008 – 0.21]

d

Transmission parameter or transition rate from 
carrier to susceptible (θ) Fixed 0.06/week

Soumpasis 
and Butler, 

2009

Cohort time-dependent random effect (σ2
β) Normal distribution 0 (mean), 

1.29 (sd) d

Piglets’ protective factor due to sows passive 
immunity (pf)

Fixed 
(1/70 days) 0.1/week Beloeil et al, 

2003
Legend: sd – standard deviation, a Baptista et al, unpublished results of a survey to 109 herds in Portugal in 2009, b 
Production data of 200 Portuguese herds, collected by a software company from 2004 to 2006,  c Expert opinion, d 
Correia-Gomes et al, unpublished.
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compartment (mating, gestation 
and farrowing). The parameter α 
and θ were the most influential for 
the sow compartment. For the pig 
compartments, parameter β and 
variable “passive immunity” were 
most influential for the pig part.

Discussion
The predicted prevalence for the 
infectious animals, in the sow-com-
partment is higher than the predict-
ed prevalence of infectious animals 
in the pig-compartment. The same 
trend was observed in the Portu-
guese Baseline Studies (EFSA, 2008 
and EFSA, 2009) for Salmonella 
Typhimurium. The prevalence of 
infectious animals at the end of the 
fattening period can be reduced 
using several control measures 
(such as increasing the cleaning 
frequently of the pen floor, reducing 
stock density per pen, minimizing 
the mixture of litters at post-wean-
ing and fattening, and the control 
of rodents and other vectors) which 
influence the β parameter. The 
increase of the piglets’ passive immunity can be achieved by allowing the correct consumption of colostrum by the pig-
lets and decreasing the risk of concomitant diseases. The results of the sensitivity analysis have shown that the parameters 
which depended on expert opinion have not caused a major change in the results of the simulation model.

Conclusion
The simulation model potentially allows estimation of cost-benefit control measures if coupled to an economic model. 
The simulation model is flexible enough to introduce changes in the parameter distributions or values if future research 
and legislation so require. At the same time the model can be adapted to different types of production (e.g. breeding units, 
finisher units) as it was built in a compartmental way.
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Table 2: Results for the infection state in each room for the sows and pigs

Production 
stage

Infection 
State

Results in proportions
Parameters with highest  

impact on the resultsMean SD
95% CI

LL UL

Mating
Susceptible 0.19 0.13 0.0 0.45 θ (mating/sows)
Infectious 0.55 0.16 0.22 0.88 α (mating/sows)

Carrier 0.26 0.14 0.0 0.56 α and θ (sows)

Gestation
Susceptible 0.23 0.16 0.0 0.60 α and θ (sows) + θ (gestation)
Infectious 0.51 0.19 0.13 0.88 α (gestation/sows)

Carrier 0.26 0.14 0.0 0.57 θ (gestation/sows)

Farrowing
Susceptible 0.16 0.16 0.0 0.50 β, α and θ (sows)
Infectious 0.57 0.21 0.17 1.0 α (sows)

Carrier 0.27 0.19 0.0 0.67 θ (sows)

Piglets
Susceptible 0.91 0.09 0.70 1.0 β (piglets)
Infectious 0.09 0.09 0.0 0.30 β (piglets) + passive immunity

Growers
Susceptible 0.80 0.20 0.35 1.0 β (pigs)
Infectious 0.19 0.19 0.0 0.64 β (pigs)

Carrier 0.003 0.007 0.0 0.02 α (post-weaning)

Finishers
Susceptible 0.68 0.27 0.17 1.0 β (pigs)
Infectious 0.31 0.26 0.0 0.8 β (pigs)

Carrier 0.01 0.02 0.0 0.05 α (pigs)
Legend: SD – standard deviation, LL – lower limit, UL – upper limit, β – transition rate parameter from 
susceptible to infectious, α – transition rate parameter from infectious to carrier, δ – transition rate pa-
rameter from carrier to infectious, θ – transition rate parameter from carrier to susceptible
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Abstract
Meat inspection of finisher pigs is gradually moving from traditional inspection involving palpation and incisions to a more 
visual inspection. However, what do we miss if we no longer palpate and incise? This is addressed in this paper which focuses 
specifically on palpation of the lungs and the liver. A risk assessment following international guidelines was undertaken. The 
assessment shows that omission of these routine palpations on finisher pigs from controlled housing (i.e. herds with high 
biosecurity) will have no significant impact on food safety. The reasoning for reaching these conclusions is presented in the 
following.

Introduction
The main aim of meat inspection is to ensure safe and savoury meat. However, much has changed since the birth of modern 
meat inspection 100 years ago. Today, Campylobacter, Salmonella and Yersinia fill up the human statistics for zoonotic 
infections. And it is well-known that meat inspection in itself can do only little to mitigate the risk associated with such 
agents, because they do no results in macroscopic lesions in affected carcasses or plucks. 

In fact, palpation and incision might result in cross-contamination on the carcasses. In line, it has been suggested to omit 
unnecessary palpation and incisions to limit the cross-contamination with Salmonella. 

However, what would we risk if we stopped the routine palpations and incisions? Two earlier risk assessments - following 
international guidelines - concluded that omitting routine palpation of mandibular and mesenterial lymph nodes and 
discontinue the routine opening of hearts did not increase any food safety risks (Alban et al., 2008; Alban et al., 2010). 

Next, we have looked at the impact of omitting palpation of the lungs, the liver and their lymph nodes. 

We looked at food safety as well as the impact on animal health (including the ability to identify notifiable diseases) and 
welfare of pigs. Only the food safety results are described in this paper. For the other aspects, the reader is kindly referred to 
the full risk assessment which can be found on the following link: http://www.lf.dk/~/media/lf/Aktuelt/Publikationer/Svinekod/
Risk%20assessment_lungs%20liver%202013%2002%2028.ashx

Material and Methods
The work followed OIE guidelines for risk assessment. This implies that the following steps were undertaken: Hazard 
identification, release assessment, exposure assessment, and consequence assessment. Finally, risk estimation was made 
based on an integration of the four previous steps.

Data consisted of a comparison study involving 3,000 plucks, own collection of slaughterhouse samples (N=104) sent for 
microbiological investigation, slaughterhouse statistics, literature and expert opinion. 

Results
Hazard identification: embolic pneumonia and liver abscesses were identified as the two most important lesions that might 
escape detection if routine palpation is omitted. This was based on a literature review and discussions with experts in the 
field.

Release assessment: Two studies were conducted to assess the proportion of plucks with embolic pneumonia that might 
escape detection, if visual inspection is applied instead of traditional inspection. The first was a comparison study including 
3,000 plucks (Table 1). The second consisted of an evaluation of 104 plucks with embolic pneumonia collected during meat 
inspection (Table 2).  The comparison study showed that one out of three cases found in traditional inspection was missed by 
visual inspection (Table 1). Likewise, the evaluation study showed that around one out of five cases would be missed if visual 
inspection was used compared to traditional inspection. 
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Based on these data as well as slaughterhouse 
data, it was estimated that between 1,080 
and 1,800 cases might be missed in a year, 
if visual only was applied. This figure is 
probably a worst case scenario because the 
visual inspection that formed part of the 
present risk assessment was conducted under 
suboptimal conditions: the chain was not set 
up to allow an easy visual inspection prior to 
the traditional inspection. 

Exposure assessment: The distribution of 
the agents found in the lungs with embolic 
pneumonia is shown in Table 3. It is noted 
that Staph. aureus and E. coli were found 
predominantly. Only two livers were found 
with abscesses. These were large and easy 
recognizable. Here, Staph. aureus were 
found.

The human exposure risk related to the 
hazards identified in embolic pneumonia 
was assessed as negligible for the lungs since 
lungs are not considered edible tissue in 
Denmark. The human exposure risk related 
to meat from pigs with embolic pneumonia 
that escaped detection seems low, because 
the bacteria are normally not present in the 
muscle tissue – and if present it will be in low 
numbers. 

Moreover, the low numbers of abscesses 
present in the carcass associated with 
pyaemia are most likely found during cutting. 
It was also shown that although presence of 
pyemia is a risk factor for abscesses in the 
carcass (RR=4.4, P<0.001) it was less than 1% 
of the abscesses that were found in pigs with 
embolic pneumonia (Table 4).

Livers for human consumption are handled 
individually which will make it easy to 
identify abscesses. Therefore, the exposure 
risk was assessed as low.

The exposure risk for pets was assessed to 
be negligible, because lungs destined for pet 
food is heat-treated. Exposure will only take 
place in case raw lungs are fed directly to pets, 
which is thought to occur only infrequently. 
Likewise, for fur animals, the exposure is 
very low because most animal by-products 
are heat-treated prior to being fed to fur 
animals in Denmark.  

Consequence assessment: None of the agents 
involved in the development of embolic 

Table 1. Association between visual and traditional inspection of plucks for 
embolic pneumonia, Denmark (N=3000 finisher pigs)

Number of plucks found with lesions Assessment of association

Visual 
inspection

Traditional inspection Sum Visual/             Kappa   P-value
Traditional*+      -

+ 2 7 9       3.0                0.33      0.0339
- 1 2990 2991

Sum 3 2997 3000
*: Prevalence of cases found at visual versus traditional inspection

Table 2. Summary statistics on the ability to detect by visual inspection the 
104 plucks with lesions indicative of embolic pneumonia, found during 
meat inspection of finisher pigs from controlled housing herds, October-
November 2012, Denmark

Lesion visually detectable?
Yes
65 (62.5%)

Maybe 
19 (18.3%)

No
20 (19.2%)

Table 3. Distribution(*) of agents found in 104 lungs with embolic pneumonia 
and 98 associated lymph nodes. The lungs and lymph nodes were found 
during meat inspection of finisher pigs from controlled housing herds, 
October-November 2012, Denmark
Agents/growth Lung samples Lymph node samples

Number Percentage Number Percentage
Staphylococcus aureus 82 78.8 69 70.4
Escherichia coli 61 58.7 40 40.8
Proteus spp. 6 5.8 1 1.0
Pasteurella multocida 4 3.8 4 4.1
Bacillus cereus 20 19.2 11 11.2
Pseudomonas spp 6 5.8 7 7.1
Growth 96 92.3 79 80.6
No Growth 8 7.7 19 19.4 
Total 104 - 98 -

*: More than one agent could be found in a sample. Therefore, the percentages 
do not add to 100. 

Table 4. Association between pyaemia and abscesses found in finisher pigs 
from Danish Crown Horsens, October-December 2012

Pyaemia

Abscesses* Sum Assessment of 
association+ -

+ 97 620 717 Relative Risk = 4.4
- 37.195 1.172.660 1.209.855 P<0.0001
Sum 37.292 1.173.280 1.210.572 Pos. pred. value= 0.14

* : Defined as abscess on the carcass including legs and toes except the head 
and abdomen
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pneumonia or liver abscesses in pigs had a significant zoonotic foodborne potential. This is supported by the fact that these 
hazards do not show up in the human statistics, where Salmonella, Yersinia, Toxoplasma and Trichinella have been identified 
by the European Food Safety Authority as the pig/pork-relevant hazards (EFSA, 2011). 

Risk estimation: The prevalence of embolic pneumonia is low; however, because of the substantial size of the Danish pig 
production a non-negligible number of cases might be overlooked if visual inspection replaces traditional inspection. The 
food safety impact of this is very low, because lungs are not considered edible tissue and because the agents involved in these 
lesions have a limited foodborne impact. 

The prevalence of liver abscesses is very low. The agent involved has a limited food-borne impact, and cases will be identified 
during the unique handling of the organ if destined for human consumption. 

Discussion
Visual inspection does not necessarily result in a lower number of plucks being suspected of embolic pneumonia. This was 
also seen of other lesions in the pluck (results not shown here but in the risk assessment report. Registration intensity merely 
depends upon what we want the meat inspectors to record.

Consumers might expect the abattoir to do what is possible to detect pigs with pyaemia from an aesthetic point of view. 
Therefore, in case of doubt plucks should be palpated – or sent to the rework area for extended examination. 

Conclusion
The assessment showed that routine palpation of the liver and lungs is an unnecessary part of meat inspection in finisher 
pigs, if there are no visual indications of infection or other data pointing to disease.  

Epilogue
The EU Commission has recently (May 2013) amended the EU Meat inspection regulation 854(2004). The changes - which 
will come into force in June 2014 - open up for visual inspection as the standard for inspection of pigs unless ante mortem, 
post mortem or any other finding on the individual or food chain information or geographical data indicate otherwise. 

The next step is to investigate how the results of this risk assessment might be used in practice by the abattoirs in their 
modernisation process of the meat inspection. Here, simultaneous inspection by one inspector of plucks hanging over the 
intestines might be of interest – if judged feasible. Communication with important trade partners prior to implementation of 
such changes is required to ensure recognition of equivalence.

Continued discussion about meat inspection is needed to ensure the most food safety for the resources spent. Next work will 
focus on an evaluation of the decision code “accepted for deboning” – does this code result in value for money?
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Abstract
To define the importance of the head part of pigs’ carcasses as a potential vehicle of Salmonella, 105 carcasses were sampled 
at one abattoir. The results revealed the presence of Salmonella sp. in 25 samples (23.8%), which corresponds to a higher 
value than those previously presented by the same authors in similar studies in pig carcasses (12,9%). By means of serotyping, 
were identified 5 different serotypes: S. Typhimurium (9, 36%), S. London (6 24%), S. Rissen (6 24%), S. Agona (3, 12%) 
and S. Goldcoast (1, 4%). This study underlines the importance that the head part of the pigs’ carcass can take as a source 
of Salmonella throughout meat chain and a potential vehicle, direct or indirect, to the final consumer. For this reason, the 
authors suggest that increased hygienic measures should be adopted during head processing and cutting, especially if its meat 
will be subsequently used for sausage or smoked meat (Figure 1) production that could be consumed without any kind of 
heat treatment.

Introduction
According to EFSA report (2013), human salmonellosis in Europe, in 2011, still being the second most frequently reported 
zoonotic disease, accounting for 95,548 cases with a total of 56 fatal cases. Also, according to the same report, Salmonella 
remained the most frequently detected causative agent in foodborne outbreaks reported in the EU.

Recently, BIOHAZ Panel estimated that a rate of around 56.8 % of human salmonellosis cases could be attributable to pigs. 

To protect human health against Salmonella infections transmissible between animals and humans, EU Regulation (EC) N.º 
2160/200313 requires MSs to set up national control programmes for Salmonella serovars deemed to be of particular public 
health significance in animal species including pigs. The purpose of this Regulation is to ensure that proper and effective 
measures are taken to detect and to control Salmonella and other zoonotic agents at all relevant stages of production, processing 
and distribution, particularly at the level of primary production, including in feed, in order to reduce their prevalence and 
the risk they pose to public health

The slaughter of Salmonella-infected pigs represents a potential risk for contamination of carcasses and other edible products, 
introducing Salmonella into the food chain (Vieira-Pinto et al., 2005).

At the slaughterhouse the swine can carry Salmonella on the skin and in several tissues. The tissues mostly referred as affected 
by Salmonella are those from the digestive tract and the corresponding lymphatic tissue such as tonsils and mesenteric- and 
mandibular lymph nodes (Jung et al., 2001). According to Olsen et al. (2001), the spread of Salmonella during the slaughter 
process may occur especially through pharynx (tonsils) and intestinal contents. The (cross-) contamination of carcasses, 
through contaminated utensils, equipment or handlers, is basically a matter of redistributing the Salmonella bacteria from the 
positive pigs during the various slaughter processes (Lo Fo Wong et al., 2002), even when the slaughter process is performed 
correctly, the contamination from these reservoirs can be transferred to the carcass (Olsen et al., 2001).

The presence of Salmonella sp. in pigs’ carcasses has been shown in several international and national research studies. 
However, no national data was found on the presence of Salmonella sp. in the head part of pigs’ carcasses, whose muscles are 
often used for traditional sausages manufacturing or smoked meat products, some of which consumed raw or undercooked. 
As it was referred Bruun et al., (2009), the ingestion of pig meat not submitted to a deep thermal treatment may enhance 
health risks for some food borne diseases like Salmonellosis.

Additionally, the presence of Salmonella sp. in the head part of pigs’ carcasses can constitute a risk, since this tissues can be 
adversely incised and touched during sanitary inspection (incision of mandibular lymph nodes), during tonsils extraction as 
well as along some other slaughter procedures. All of these procedures may allow cross-contamination through the hands, 
knifes and other utensils or equipment. 
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For these reasons, 105 head part of pigs’ carcasses were sampled at one abattoir to define its importance as a potential vehicle 
of Salmonella sp.

The results revealed the presence of Salmonella sp. in 23.8% of the sampled carcasses and identified five different serotypes: 
S. Typhimurium (9, 36%), S. London (6 24%), S. Rissen (6 24%), S. Agona (3, 12%) and S. Goldcoast (1, 4%). 

Material and Methods
During this study, 105 carcasses were sampled at one abattoir by means of swabbing the internal face of the head with a 
cotton sterilised gauze (hydrated in 25 ml of Buffered Peptone Water with 0.1% Tween) (Swanenburg, 2000) (Figure 2). 

All the samples were individually packed in a sterile named recipient and transported under refrigerated conditions to the 
laboratory where Salmonella sp. isolation procedures were started on the same day. 

Salmonella sp. isolation method was performed according to ISO 6579:2002 “Microbiology of food and animal feeding stuffs-
Horizontal method for the detection of Salmonella spp. Briefly, the diluted samples in BPW were incubated at 370C±1ºC 
for 18±2h, afterwards 0,1 ml and 1ml was respectively inoculated in Rappaport-Vassiliadis medium with soya (RVS broth, 
Oxoid® - 669) and in Muller-Kauffmann tetrathionate/novobiocin broth (MKTTn broth, Merk®- 110863). The RVS broth 
was incubated at 41,5±10C for 24h±3h, and the MKTTn broth at 370C±10C for 24h±3h. After that, one loop of each selective 
enrichment broth was streaked onto the surface of two selective solid media: Hektoen (Oxoid® – CM419) and XLD (Oxoid®– 
CM469) agar. Colonies of presumptive Salmonella were confirmed by biochemical tests (Oxidase reaction, Triple Sugar 
Iron Agar (Oxoid®– CM277), Urea broth (Merk® – 1.08483), L-Lysine descarboxylation medium (Oxoid®– CM308S) and 
serological agglutination with Poli A-I & Vi antiserum (Difco® - 222641).

Suspicious Salmonella sp. isolates were serotyped according to the Kauffmann-White scheme in the INIAV (Lisbon, Portugal), 
the National Reference Laboratory for Salmonella. 

Figure 1 – Smoked head part of pigs’ carcasses Figure 2 – Swabbing procedure

Results
The results revealed the presence of Salmonella sp. in 25 samples (23.8%). 

Among these isolates were identified 5 different serotypes: S. Typhimurium (9, 36%), S. London (6 24%), S. Rissen (6 24%), 
S. Agona (3, 12%) and S. Goldcoast (1, 4%).

Discussion
The results revealed the presence of Salmonella sp. in 25 (23.8%) of swab samples from the internal face of the carcass head, 
which corresponds to a higher value than those previously presented by the same authors in similar studies (Vieira-Pinto et 
al., 2005) in pig carcasses (12,9%). 

The presence of Salmonella sp. in this part of the carcass can be associated to contamination processes during the slaughter 
and meat inspection procedures and also can be related to oral infection of pigs before slaughter (Swanenburg, 2000) which 
can be favoured by the typical exploratory and coprophagy behaviour. In fact, the faecal-related contamination of the pig’s 
tonsils has already been described by Vieira-Pinto et al. (2006) showing a highly significant association (p < 0.001) between 
the presence of Salmonella in the ileum and/or ileocolic lymph nodes and its presence in the corresponding tonsils, as well 
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as the very high percentage (80%) of positive tonsils having the same Salmonella genotype as ileum and/or ileocolic lymph 
nodes.

According to Swanenburg et al. (1999), Hald (2001) and Olsen et al. (2001), oral cavity, particularly the tonsils, pharynx and 
tongue can accommodate large quantities of Salmonella, resulting from contamination during transport and at rest in the 
lairage, by regurgitation of gastric contents or by water scald. From these tissues, Salmonella sp. can be transferred to the 
carcass during removal of the tongue, together with the pluck, while cutting the head or through the incisions made during 
the meat inspection Olsen et al. (2001). These authors have also shown that not removing the tongue of the head intact 
reduced by 30% the presence of Salmonella positive-carcasses.

According to the results found in this research, attention should be paid to the handling procedures of the head part of pigs’ 
carcasses in order to mitigate Salmonella sp. contamination to the other edible products. 

Also, since many of the national monitoring programmes for Salmonella sp. in pig meat are based on sampling at the 
slaughterhouse (by means of carcass swabbing) and the Salmonella criteria laid down by the Regulation (EC) No 1441/2007 
prescribe rules for sampling pig carcases at slaughterhouse, it should be important to understand the influence of this part of 
the pig carcass on the sensitive sampling method and, consequently, on microbiological results.

Were identified 5 different serotypes: S. Typhimurium (9, 36%), S. London (6 24%), S. Rissen (6 24%), S. Agona (3, 12%) and 
S. Goldcoast (1, 4%). 

The most prevalent serotype was S. Typhimurium. This serotype has been described as the main serotype identified in 
swine in several studies as well as in the baseline studies based on the EU Regulation 2160/2003, in Europe and in Portugal 
(EFSA, 2007). This serotype should be also under special attention due to its virulence to humans and animals and to its high 
resistance rate to antibiotics (Botteldoorn et al, 2004). According to EFSA (2013), S. Typhimurium human cases are mostly 
associated with the consumption of contaminated pig, poultry and bovine meat.

Respecting to Salmonella Rissen, scarce references were found on its occurrence in swine, and in these references no 
particular attention to this serotype were found. But, in the fifth European Unionwide baseline survey carried out at farm 
level to determine the prevalence of Salmonella in pig breeding holdings (between January 2008 and December 2008), S. 
Rissen appeared to occur only in a few countries, but was one of the most common serotype in Portugal and Spain (EFSA, 
2007). Nevertheless, this serotype doesn’t seem to have implication in the number of Human salmonellosis in both countries.

Conclusion
This study underlines the importance that the head part of the pigs’ carcass can take as a source of Salmonella sp. throughout 
meat chain and a potential vehicle, direct or indirect, to the final consumer. For this reason, the authors suggest that increased 
hygienic measures should be adopted during head processing and cutting, especially if its meat will be subsequently used for 
sausage production that is to be consumed without any kind of heat treatment.
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Abstract
Salmonella is a bacterium that can cause an illness in humans called salmonellosis. In the European Union, over 100,000 
human cases were reported last year. The EFSA has estimated that the overall economic cost of human salmonellosis could 
be as high as EUR 3 billion a year.

In the present study, Salmonella spp. analyses based on ISO 6579:2002, was derived as a part of a HACCP procedure in a 
meat processing company. From the four analyzed samples, dry cured sausage, black pudding, fresh sausage and meatloaf, 
Salmonella sp. was isolated in the last two samples. Both isolates were sent to the Portuguese Reference Laboratory for Sal-
monella (Instituto Nacional de Saúde Dr Ricardo Jorge – INSA) and serotyped according to the Kauffmann-White scheme. 
Salmonella Budapest was identified in both products. This result may indicate a common source of contamination for both 
products that may occurred in the production chain. Using rastreability data it was possible to observe that the meat used 
in both products was from national swine slaughtered in Portuguese abattoirs. According to data provided by INSA, until 
2012, besides these two Salmonella Budapest isolates, were only recorded two more cases isolated from sausage and frozen 
gizzards from Brazil.

With regard to Portuguese human data, in the last decade, there was five cases of S. enterica serovar Budapest infection that 
were related to gastroenteritis and only one associated with pyogenic skin lesion. This data suggests that we may be facing 
an isolated case of cross-contamination in the production line due to poor equipment hygiene throughout the chain. Addi-
tional studies are being made to understand dangerous strain with regard to virulence profile and antimicrobial resistance.

Introduction
Salmonella is a bacterium that can cause an illness in humans called salmonellosis. It is an almost universally accepted 
dogma that human salmonellosis is a zoonosis (1, 2, 3) and is a major cause of bacterial enteric illness in both humans and 
animals(4). A high percentage of Salmonella-positive samples of ground meat from swine (40.3%) and cattle (46%) and 
of processed poultry products (56.3%) implies that a consumer has a 50:50 chance of carrying home live Salmonella with 
these products from the supermarkets (5). Salmonella strains from food animals are passed to the human population via in-
sufficiently cooked meat, eggs, and milk (3). Since enteric infections with Salmonella in humans result in multiplication and 
excretion of the infectious agents in and from the human intestine, the animal-food-human spread must be regarded as 
an important contribution to the release of antibiotic-resistant bacteria from farm animals (6, 7). In 1997, the World Health 
Organization for the first time ever published a report on the medical impact of the use of antimicrobials in food animals(8). 
The main threats were formulated as: (a) an increase in the prevalence of resistant bacteria in animals; the transfer of re-
sistant pathogens to humans via direct contact with animals, or through the consumption of contaminated food or water; 
(b) the transfer of resistance to human bacteria; (c) an increase in the incidence of human infections caused by resistant 
pathogens; (d) potential therapeutic failures in animals and humans; and (e) frightening resistance situations in farm an-
imals regarding Salmonella, Campylobacter, Enterococcus species and E. coli. In these study was serotyped two strains of 
Salmonella Budapest according to the Kauffmann-White scheme, on the basis of serologic identification of O (somatic) and 
H (flagellar) antigens(9) and was made an antimicrobial resistance profile based on CLSI information. 
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Material and Methods
1. Sampling
Sampling procedure was done randomly during the HACCP actions in a butcher for resale area from one meat processing 
company. Four meat samples were analyzed: dry cured sausage, black pudding, fresh sausage and meatloaf. The material 
was collected in full for sterile bags and transported to the laboratory under controlled temperature (4° C) during 24 hours.

2. Detection of Salmonella spp.
The detection of Salmonella spp. was made according to the method ISO 6579:2002 on accredited laboratory by IPAC 
(L0352) (10).

3. Serotyping of Salmonella spp.
The serotyping was performed at the National Reference Laboratory according to the methodology of slide agglutination 
and tube. This methodology is described to be unique and not disclosed by the laboratory where it is held, as it is the only 
laboratory at the national level to accomplish the same.

4. Susceptibility to antibiotics
The antimicrobial resistance profile was treated using the disc diffusion method based on NCCLS:M31-A2 (11).

Results
From the four analysed samples, two were 
positive for Salmonella spp (Table 1.). 
Both strains were serotyped (Table 2.).

It was confirmed that it was the same 
serovar and was done the antibiotic sus-
ceptibility profile. The results are present-
ed in Table 3.

Discussion
Processed meat products analyzed were 
produced from portuguese pork meat, 
whose process of fattening, slaughtering 
and butchering was also carried out on 
national territory.

The fact that the same Salmonella serovar 
has been isolated from two different meat 
samples produced in the same produc-
tion line, point out this step as a possible 
common source of contamination and 
suggests that should be an improvement 
in the disinfection scheme and further 
analysis to demonstrate the effectiveness 
of this process which, however, does 
not was held at the express wish of the 
customer.

After identification of Salmonella Buda-
pest, there was a broad literature search 
and wasn´t found any references to this 
serovar in Portugal. For that, INSA was 
personally contacted that confirmed that 
this was the first case of contaminated 
Portuguese meat with Salmonella Buda-

Table 1. Results of Salmonella spp. detection 
Sample 
#

Sample name Method Result Units

1 Dry cured sausage ISO 
6579:2002

Absent in 10g Present/absent 
in 10g2 Black pudding Absent in 10g

3 Fresh sausage Present in 10g
4 Meatloaf Present in 10g

Table 2. Results of the serotyping 
Sample 
#

Sample name Parameter Method Result

3 Fresh sausage Salmonella spp 
serotyping

Aglutination Salmonella 
enterica serotip 
Budapest

4 Meatloaf

Table 3. Antibiotic susceptibility to Salmonella Budapest (S –susceptible; I – 
Intermediate; R- resistant). 
CLSI Class Antimicrobial Agent Result
Aminoglycosides Kanamicin

Gentamicin
Streptomycin

S
S
R

β-lactam Amoxicilin S
Penincilin Ampicillin

Penincilin
S
R

Cephems Ceftiofur S
Folate pathway inhibitors Thrimethropin-Sulfametoxazol I
Quinolones Ciprofloxacin

Enrofloxacina
Nalidixic acid

S
S
S

Phenicols Sulfamid
Chloranphenicol

R
S

Tetracyclines Tetracyclin R
Doxiciclin R
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pest. However, two cases from meat imported from Brazil were previously reported (personal comunication).
To draw the profile of susceptibility to antibiotics confirming that it was a resistant strain to important groups (Table 3).

Conclusion
The presence of one serovar in separate products in the same production line confirms ineffectiveness of the hygiene methods 
and suggests a revision of the HACCP since the presence of Salmonella spp. in meat products disrespects legislation (12).

The appearance of this new serovar in Portugal, confirms the high mobility of bacterial strains so far in the case of Sal-
monella enterica Budapest confined to northern Europe to countries further south. This mobilization may be due to high 
transaction of live animals and carcasses within Europe, especially between countries of Eastern Europe, where traceability 
systems are deficient.

The antimicrobial resistance profile obtained confirms that this is an highly harmful bacterial strain which corroborates the 
fears already shown in other studies that warn of the risk of ineffectiveness of antimicrobial treatments in human nature, 
these strains represent a risk for increasing public health.
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Abstract
Salmonella enterica subsp. enterica (S.) serovar Derby is one of the most prevalent serovars in pigs. The aim of this study 
was the investigation of S. Derby isolates for the presence of antimicrobial resistance and class 1 integrons and their gene 
cassettes. Forty-nine S. Derby isolates, obtained from different sources at four pig abattoirs (A-D) in Southern Brazil were 
analysed. Five isolates were susceptible to all antimicrobial agents tested. Twenty-seven isolates were multi-resistant, 
showed a common resistance pattern to streptomycin/spectinomycin-sulphonamides-tetracycline and shared the same 
XbaI-pattern. Except for one isolate, all these multi-resistant isolates carried class 1 integrons. The integrons are most 
likely located in the chromosomal DNA of 16 and ten S. Derby isolates from abattoirs A and B, respectively. All amplicons 
for the variable part of class 1 integron showed the same EcoRI RFLP pattern. The integrons harboured a new aadA 
variant designated aadA26, which encodes combined resistance to streptomycin and spectinomycin. The presence of the 
same class 1 integron among related isolates, from the same or different abattoirs, points towards a dissemination of the 
integron by a clonal expansion of the isolates.

Introduction 
Salmonella enterica subsp. enterica serovar (S.) Derby has been commonly isolated from slaughter pigs and pork products 
(Hauser et al., 2011). In 2011, S. Derby was among the top five serovars most frequently isolated from clinical and non-clinical 
isolates from non-human sources, which were submitted to the National Veterinary Services Laboratories (NVSL) in the U.S.A. 
Moreover, it was the second most isolated serovar from porcine sources (CDC, 2013). In Southern Brazil, this serovar was also 
among the most common serovars isolated from pigs and pork products (Bessa et al., 2007; Mürmann et al., 2009).

Multi-resistant (resistance to three or more classes of antimicrobial agents) S. Derby isolates have been obtained from 
different sources, and integrons with different gene cassette arrays have been identified in this serovar (Akiba et al., 
2006; Beutlich et al., 2011). Integrons are genetic elements able to integrate and excise gene cassettes by site-specific 
recombination: They usually carry antimicrobial resistance gene cassettes and therefore contribute to maintenance and 
dissemination of antimicrobial resistance. The aim of this study was the investigation of S. Derby isolates from pigs for (a) 
the presence of antimicrobial resistance, (b) the detection of class 1 integrons and their gene cassettes and (c) the location 
of the class 1 integrons.

Material and Methods
A total of 49 S. Derby isolates obtained from lairage, pig carcasses and intestinal contents at four abattoirs (A-D) in 2008 in 
Southern Brazil were analyzed. They were tested for susceptibility to 12 antimicrobial agents by agar disk diffusion (CLSI, 
2008). Multi-resistant isolates (n=27) were further investigated by XbaI-macrorestriction analysis (Ribot et al., 2006), 
plasmid profiling (Schwarz and Liebisch, 1994), and PCR assays for the detection of the resistance genes: sul1, sul2 and sul3 
(sulphonamide resistance), tet(A) and tet(B) (tetracycline resistance) and strA (streptomycin resistance) and aadA variants 
(streptomycin/spectinomycin resistance) (Frech et al., 2003; Kadlec et al., 2005).

Integrons were screened by PCR assays for the presence of the intI1 integrase gene and the variable part of class 1 integrons 
(Sandvang et al., 2007). The amplicons specific for the variable part of class 1 integrons were analysed by restriction fragment 
length polymorphism (RFLP) using the EcoRI restriction enzyme. A representative amplicon was chosen for cloning into pCR®2.1-
TOPO Vector (Invitrogen, Groningen, The Netherlands) and the recombinant vector was transformed into Escherichia coli recipient 
strain TOP10. Sequence analyses were conducted with the M13 forward and reverse primers (MWG, Ebersberg, Germany). Sequence 
comparisons were carried out using the BLAST programs blastn and blastp (http://www.ncbi.nlm.nih.gov/BLAST/) and with the ORF 
Finder program (http://www.ncbi.nlm.nih.gov/gorf/gorf.html). The nucleotide sequence of the amplicon for the variable part of 
class 1 integron has been deposited in the European Molecular Biology Laboratory (EMBL) database under the accession 
number HG314953.1. To confirm the linkage between aadA26 and sul1, as well as, aadA26 and qacED1, specific PCR assays 
were used (Michael et al., 2005).
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The location of the class 1 integrons was determined by Southern blot hybridization. For this, plasmid DNA was prepared by alkaline lysis 
and whole-cell DNA was digested using EcoRI restriction enzyme. The plasmid and whole-cell DNA were transferred from agarose gels 
to a nylon membrane by the capillary blot procedure. A sequenced amplicon for the variable part of the class 1 integron was enzymatically 
labelled by the Dig-Hib prime DNA labelling and detection system (Roche, Mannheim, Germany) and used as probe. Hybridization and 
signal detection were carried out according to the manufacturer’s recommendations.

Results
Of the 49 S. Derby isolates originally tested, five isolates were susceptible to all antimicrobial agents tested and 27 isolates 
showed multi-resistance to streptomycin/spectinomycin, sulphonamides and tetracycline. The multi-resistant isolates were 
found in samples from lairage, pig carcasses and intestinal contents or from pig carcasses and intestinal contents at abattoir 
A (n=16) or B (n=11), respectively. Among the multi-resistant isolates five plasmid profiles and an indistinguishable XbaI-
macrorestriction pattern were seen. Moreover, PCR analysis revealed that all multi-resistant isolates carried an aadA variant 
gene coding an aminoglycoside adenyltransferase which confers combined resistance to streptomycin/spectinomycin, the 
gene sul1 coding for a sulphonamide-resistant dihydropteroate synthase and the tetracycline exporter gene tet(A). The PCR 
screening for class 1 integrons identified the class 1 integrase gene intI1 in 26 isolates (abattoir A, n=16 and abattoir B, n=10). 
In addition, the PCR for the variable part of the integron showed an amplicon of approximately 1 kb. Restriction analysis 
of amplicons revealed the same fragment patterns in all isolates consisting of two EcoRI fragments of 560 and 449 bp. A 
representative amplicon was cloned and sequenced.

Sequence analysis of the class 1 integron confirmed the presence of a 1009 bp amplicon of which the first 118 bp were part of 
the 5’ conserved segment (CS) and the final 111 bp were part of the 3’ CS of the class 1 integron. The variable part (780 bp) 
showed a single gene cassette with a reading frame coding for a new variant of the AadA aminoglycoside adenyltransferase, 
designated AadA26 (Fig 1). The aadA26 gene cassette showed an amino acid substitution in the coding region, IIe® Val at 
the position 209, which is unique in the databases (NCBI database last accessed date: 11.07.2013). The aadA26 gene has a 
putative GTG translational start codon (positions 119-121) and codes for an aminoglycoside 3’-(9)-O-adenyltransferase 
of 259 amino acids. This gene cassette proved to be functionally active for combined resistance to streptomycin and 
spectinomycin. The 59-base element of the gene cassette was identified containing the binding sites 1L, 2L, 1R and 2R for 
the intI1-encoded integrase. The linkage of aadA26 to sul1 or aadA26 to qacED1 was confirmed by the specific PCR assays 
for all isolates carrying class 1 integron. Since the hybridization experiments did not yield signals when using plasmid DNA 
as targets for the cassette-specific probe, the class 1 integrons are probably located in the chromosomal DNA of the S. Derby 
isolates. Additional studies are on-going to determine the location of the class 1 integrons in the chromosomal DNA and to 
investigate if the 3’-CS or 5’CS regions are absent in the single multi-resistant isolate, which was not positive for the detection 
of intI1 gene and the variable part of class 1 integrons.

Discussion
In the present study, the same class 1 integron was detected in multi-resistant S. Derby isolates obtained during a survey 
study at two pig abattoirs in Southern Brazil. The same class 1 integron was detected in related isolates from different sources 
and different abattoirs, which may suggest the spread of a resistant clone of S. Derby in the pig production chain in the 
Southern of Brazil. An explanation for this clonal dissemination, within this particular geographic area in Brazil, could be the 
pig production system. It is a vertically integrated system, in which the abattoirs are supplied by specific finishing farms that 
purchase the piglets from common pig farms. Moreover, the feed is also supplied by a common feed industry. Interestingly, 
the multi-resistance pattern (streptomycin /spectinomycin-sulphonamides-tetracycline) found with these isolates was also 
the most common pattern found in a previous study (sampling period 1999-2000), in which 24 porcine S. Derby isolates 
from Southern Brazil were characterized (Michael et al, 2006). Comparing these two studies, almost all isolates that shared 
the same resistance phenotype showed also the same resistance genotype, except a single sul2 resistance gene and the aadA 
variant of the gene cassette of the class 1 integrons. In the previous study, an aadA2 variant was found (Michael et al., 2005) 
and in the present study a new variant, aadA26, was identified. The aadA26 can be distinguished from aadA2 variant by a 
single amino acid substitution. Moreover, the isolates from the present study shared the same XbaI macrorestriction pattern 
with one isolate or differed by only one fragment from another 23 isolates of the previous study (Michael et al, 2006). 
Although there is a 8-9 years interval between the two survey studies, the class 1 integrons and their gene cassettes proved 
to be highly conserved and stable. The association between the presence of class 1 integron and tetracycline resistance may 
be due to genetic linkage of integrons and transposons carrying the gene tet(A). Although streptomycin and sulphonamide 
have not been administered to pigs in Southern Brazil anymore, and the use of tetracycline has been steadily declining in the 
last years, such resistance determinants are likely to persist in the Salmonella population.
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Conclusions
Class 1 integrons are present in S. Derby isolates from apparently healthy pigs at slaughter and seem to represent genetic 
elements that are highly conserved and stable in this population in Southern Brazil. Moreover, the presence of the same 
class 1 integron among related isolates, from the same or different abattoirs, points towards a dissemination of the integron 
by a clonal expansion of the isolates in apparently healthy pigs. Noteworthy, such asymptomatic carriers may promote the 
dissemination of S. Derby not only to other animals, but also to humans when the isolates enter the food chain. 
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Fig. 1 Schematic presentation of the aadA26 gene cassette from S. Derby. The aadA26 reading frame is shown as an arrow 
whereas the 5’ and 3’ conserved segments (5’ CS, 3’ CS) of the class 1 integron are displayed as boxes. The beginning and the 
end of the gene cassette are shown in detail below. The translational start (GTG) and stop (TAA) codons are underlined. The 
59-base element is presented as a stem-loop structure and the integrase 1 binding domains 1L, 2L, 2R, and 1R are indicated 
by arrows. The 59-base element of the gene cassette is shown in bold type. Numbers indicating important positions of bases 
in the 59-base element refer to the corresponding database entry (accession no. HG314953.1).
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Abstract
In the European Union serological and/or bacteriological monitoring results on zoonoses are to be taken into account for the 
risk assessment of slaughter pig herds in the framework of the risk-based meat inspection. Furthermore, the European food 
safety strategy pursues the additional goal to increase herd health. The new understanding of “One Health” (healthy animals 
and healthy people) and the new paradigm of assuring safe food (responsibility of food producers, prevention, risk-orientation, 
process-optimization, and continuous improvement) require new concepts for replacing the traditional meat inspection 
at the slaughter line with a risk-based meat inspection focusing at the whole food chain, and for modern and proactive 
veterinary diagnostics. The focus of such new concepts supporting continuous improvement systems is proactively acquiring 
knowledge on the herd health status, early warning and surveillance systems, instead of diagnosing diseases and causes of 
death in single animals. This paper describes how the basics of the risk-based meat inspection and especially the permit for 
the so-called “visual” meat inspection were implemented in three slaughterhouse companies taking into consideration the 
differing agricultural structures and differing qualities of the information exchange between the slaughterhouses and “their” 
farmers, but also differing points of view of the regional veterinary authorities on the preconditions for the permission of the 
visual meat inspection, i.e. inspection without palpations and incisions  

Introduction
The need for restructuring the meat inspection procedures and the veterinary diagnostic system for food animals was 
identified by the “White Paper of the EU on Food Safety” in 2000. The resulting new European food safety concept with its 
basic Regulations (EC) No. 178/2002 (Anonym, 2002), and the so called “Hygiene Package” Regulations (EC) No. 852/2004, 
853/2004, 854/2004 and 882/2004 (Anonym, 2004a, 2004b, 2004c), reflects the new paradigm targeted at improving not only 
food safety but also the health and welfare of all food animals (Hathaway and Richards, 1993). In contrast to the traditional 
sole responsibility of the state for providing safe food by final end product inspections at the slaughter line, the core elements 
of these new European regulations are: 

a)  Strengthened responsibility of the food producer: All persons that are involved in the production of food of animal origin 
share the food producers´ responsibility for food safety, animal health (notifiable and production diseases), and animal 
welfare, which is supervised by the official veterinary surveillance (i.e. public-private partnership). The food producers along 
the meat production chain are feed producers (farmers and feed mill operators), food animal producers (farmers supported 
by their consulting veterinarians), and slaughterhouse operators (supported by their quality management staff). The state 
still has the final responsibility, but not by inspecting the end products alone, but by enforcing the principle of the “control 
of the control”. This principle has greatly contributed to the establishment of industry-driven self-monitoring systems with 
independent auditing and certification procedures.

b)  Prevention and process-optimization: In contrast to the past paradigm of protecting the consumer by just condemning 
carcasses and organs during the official meat inspection at the slaughter line for preventing products “not fit for consumption” 
from entering the food chain, the new goal is to assure production processes at farm level that result in healthy animals for 
slaughter, which in turn result in carcasses that are “fit for consumption”. The major tool for this is to implement systems for 
a continuous process optimization from feed to meat.

c)   Risk-orientation and continuous improvement: Traditionally, official inspections of food production operations have 
been equally distributed at random with the same quantity and quality of the inspections, since no information on any 
differences in the compliance of the operations with current laws had been taken into account. The new approach recognizes 
that it is possible to gain information from existing data (feed mill and farm records, veterinary documentations on drug 
use, and slaughter check results) so that risk-oriented selections for inspecting operations are feasible: low-compliance (i.e. 
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“high-risk”) operations are inspected more frequently than full-compliance (i.e. “low-risk”) operations. This principle leads 
“automatically” into incentive systems, which encourages continuous improvements. 

Consequently, the future food production system demands for a new proactive diagnostic strategy for food animals. The 
overall task is to build up new concepts that serve the holistic requirements of the new European food safety philosophy. Such 
new diagnostic strategy should enable both the responsible food producers (from feed to food) and the official control system 
to make cost-effective and risk-oriented decisions that results in targeted, information-based actions for the continuous 
improvement of food safety, animal health and animal welfare on the basis of the growing role of public-private partnerships.

After the so-called “Hygiene Package” of the new EU food safety concept was issued in 2004 and put in force in 2006, the 
German federal risk assessment authorities predominantly thought of ONE national “prescription” of how to implement the 
risk-based meat inspection in all slaughterhouses in the country. Furthermore, according to the traditional understanding of 
the food safety responsibility, the general expectation was that the new approach has to be implemented predominantly by 
the official veterinary food safety services. This was mainly due to the difficulty of switching from the traditional prescription 
of “what to do” to “reaching food safety goals”. Another difficulty was the intended shift of the food safety responsibility 
from the veterinary authority to the food business operator, with the veterinary authority mainly controlling the self-control 
mechanisms of the food operators including the farming community as part of the food chain.

In short: the task was and still is to make the responsible people (farmers, slaughterhouse operators and official veterinarians) 
understand that nowadays the food safety risks stem mainly from the production phases prior to slaughter (zoonotic microbes 
and residues), which cannot be dealt with by the traditional meat inspection, but by improving the herd health of all pig 
supplying herds including the latent infections especially with the relevant zoonotic pathogens as listed in the Scientific 
Opinion of the EFSA “On the public health hazards to be covered by inspection of meat (swine)” (EFSA, 2011): Salmonella 
spp. Yersinia enterocolitica, Toxoplasma gondii and Trichinella spp. (Meemken and Blaha, 2011).

Having these basic principles of the new food safety paradigm were better understood, it became obvious that there is not 
ONE way to implement the risk-based meat inspection in all slaughter facilities, but several ways to achieve the same goal. 
The reason for this flexibility is that slaughterhouses with their specific sets of pig supplying farmers have very different 
supply chain conditions (number and size of herds, quality of cooperation between suppliers and slaughterhouse, quality 
of information exchange, etc.). Even the risk patterns vary between regions and slaughterhouses (outdoor holdings vs. 
confinement; small vs. large pig units, straw or wood chips litter vs. slatted floor, etc.). 

Material and Methods
In the framework of the recent research of the Field Station for Epidemiology of the University of Veterinary Medicine 
Hannover on improving the so-called “food chain information” (Reg. [EC] 853 and 854/2004) the authors combined data 
from the farm such as the mortality rate, the drug use measured by the “animal treatment index” (Blaha et al., 2006), and 
the slaughter check results to provide the official meat inspection service with meaningful information for the risk-based 
meat inspection procedure, the so-called “Herd Health Score” (Dickhaus et al.,2009). During these efforts it became obvious 
that there are general gaps in the knowledge about the health status and the zoonoses load of pig herds supplying pigs to the 
slaughterhouse. This led to considerations how to collect data on the occurrence of especially the subclinical infections in pig 
herds with relevance for the safety of meat, but also for the health and well-being of the food animals in question.

The resulting concept was developed into a general guideline for the implementation of the risk-based meat inspection. 
These guidelines cover the following steps: 

1) A kick-off meeting with the management of the slaughter facility, the regional veterinary authority responsible for the 
meat inspection at the chosen slaughterhouse, and representatives of the pig supplying farmers for explaining the plan 
and getting the full commitment of these three “players”, with T. Blaha and D. Meemken acting as both moderators of 
the meeting and facilitators of the following implementation process.

2) Adaptation of the software packages of both the official veterinarians responsible for the meat inspection at the slaughter 
line and of the slaughterhouse to make the herd-wise recording of organ lesions possible so that at any time a “6-month 
rolling average” of the percentage of lesions per herd can be established. This rolling average is to define herds that can 
be “visually” inspected (low frequency of lesions) and herds that need additional inspection activities at a slower line 
speed or at the trimming line (very high frequency of lesions).
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3) Developing forms for the so-called “food chain information” for informing the meat inspectors and the slaughterhouse 
about food-safety-relevant herd health status issues such as a controlled and integrated husbandry system, no out-door 
keeping of the animals, food-safety relevant diseases and/or laboratory results such as Salmonella serology, as well as 
the drug use prior to slaughter. 

4)  Preliminary permission of the visual meat inspection and carrying out a parallel inspection to compare the accuracy of 
the decision “fit for consumption” in both methods.

5) After making sure that the new meat inspection method achieves the same or even better level of food safety transferring 
the entire meat inspection procedure to the new risk-based approach: inspecting carcasses from herds with a high herd 
health status and a low frequency of lesions “visually”, and inspecting carcasses from herds with a poor herd health 
status and a high frequency of lesions “specifically more intensively” addressing the specific risks per herd.

6) Validating the functionality of the new system by double-checking carcasses from randomly chosen slaughter batches 
in the cooling facilities to make sure the “visually inspected” and the “specifically more intensively inspected” carcasses 
are likewise fit for consumption.

These general guidelines were used as basis for the implementation of the risk-based meat inspection in three different types 
of slaughter enterprises:

a) A slaughterhouse in the North of Germany belonging to a multi-national big meat company with its headquarters in 
The Netherlands and, consequently, acting under the quality policy of the Dutch company.

b) A Meat Cooperative in the West of Germany with 4 slaughterhouses acting under the cooperative’s quality policy, and

c) A family-owned mid-sized slaughterhouse in the Northwest of Germany near the Dutch border, slaughtering also pigs 
raised and finished in The Netherlands.

Results
Although the same guidelines were used as basis for the implementation processes, due to the very different organisational 
structures, information systems, bondage between the slaughterhouses with the farmers and the differing points of views of 
the respective official veterinarians in these slaughterhouses, varying implementation steps had to be taken, and, accordingly, 
the finally routinely used ways of achieving the intended objectives of the risk-based meat inspection method are distinctly 
abattoir-specific:

a) The multinational company focussed on: improving eth QM-system in the slaughterhouse, adding information 
about the feed sources for the animals (taking into account that several food scandals took their start at the feed 
production level), implementing additionally to the serological Salmonella monitoring serological surveillance on 
M. avium and Toxoplasma gondii, and implementing additional testing for drug residues, and decision on “visual” 
or “specifically intensified” inspection at the following threshold: only the pigs of herds with a lesion frequency above 
the double value of the slaughterhouse average are “specifically intensified” inspected.

b) The Meat Cooperative focussed on: improving the veterinary care and consultancy of their supplying herds by 
employing two cooperative-own veterinarians exclusively consulting any farmer with deficiencies of the health and 
welfare status of his or her herd, logistic slaughter by day-wise slaughtering the pigs for the “visual” inspection and 
those for the “specifically intensified” inspection, additionally logistic slaughter of pigs according to the Salmonella 
status of the herd in question, and selecting herds with an unusually high frequency of lesions for residue testing. 

c) The family-owned mid-sized slaughterhouse uses a “slaughterhouse index” (i.e. the average of the frequencies of 
lesions of all carcasses slaughtered in a certain period of time and compares this to every herd-specific (the “farmer’s 
index”) frequency of lesions in the same period of time, adding mortality rates to the “food chain information”, 
using the slaughter check results and the mortality rates as trigger of risk-oriented controls of pig herds with health 
deficiencies.  

Although in each of the three pork-producing entities (the slaughterhouses with their set of pig supplying farmers) has finally 
implemented its own abattoir-specific way of using the risk-based meat inspection, they all achieved the same objective: 

1) replacing the traditional hands-on meat inspection by inspecting the majority “visually”, i.e. in a hands-off manner 
for reducing the potential cross contamination of zoonotic pathogens,
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2) improving the information flow between the farmers and the slaughterhouse (the “food chain information”) and 
between the slaughterhouse and the farmers (feed-back information of the herd specific slaughter check results), and 

3) reducing the veterinary man power at the slaughter line and shifting the veterinary awareness more and more to the 
supplying farms focussing on the improvement of the health and the animal welfare of the animals produced for 
slaughter.
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Abstract
In 2011, the USDA-Food Safety and Inspection Service (FSIS) changed the method used for screening swine tissues for 
antimicrobial residues from the Fast Antimicrobial Screen Test to the Kidney Inhibition Swab (KIS™).  Here, we describe the 
use of KIS™ test for the detection of penicillin G residues in kidney, liver, plasma, urine, and skeletal muscle of heavy sows 
following the administration of a 5x label dose of penicillin G procaine.  Such off-label use is legal in the United States under 
the Animal Medicinal Drug Use Clarification Act (AMDUCA) when label routes or doses are ineffective at treating disease 
and is commonly used to treat bacterial infections in heavy sows.  Heavy sows (n=126; 228 ± 30.1 kg) were administered 
intramuscular (IM) doses of penicillin G (33,000 U/kg bw) for 3 consecutive days using 3 different administration patterns. 
Within treatment, six sows each were slaughtered after 5, 10, 15, 20, 25, 32, or 39 withdrawal days.  The IM administration 
pattern had no discernible effect on penicillin G depletion from kidney, skeletal muscle, serum, urine or liver.  Residues were 
depleted most rapidly from liver and skeletal muscle and more slowly from kidney and urine.  While kidney residues were a 
poor predictor of penicillin G residues in skeletal muscle, kidney was the most sensitive target tissue for detecting penicillin 
G residues, with two positive results even after a 39-day withdrawal period.  The most suitable ante-mortem matrix to 
replace FSIS on-site tests using kidney was urine.  Serum, another ante-mortem matrix predicted muscle residue well albeit 
showing more positives than muscle.  These data support a 15-day withdrawal period suggested by Food Animal Residue 
Avoidance Databank for extra-label penicillin G treated heavy sows with the caveat that kidney tissues be excluded from 
human consumption.

Introduction
Penicillin G is active against a variety of Gram-positive pathogens affecting livestock production and is indicated for treatment 
of a number of bacterial diseases in a variety of animal species including erysipelas in swine (NADA 065-010).  For most food 
animals, the typical route of penicillin G administration is by IM injection at daily dose of 6,600 IU/kg with treatment not 
to exceed 4 consecutive days.  Under label conditions, approved pre-slaughter withdrawal periods are 7 days for swine with 
zero tolerance for penicillin G residues in tissues.  However, sows are commonly treated with higher doses which is allowed 
under a veterinarian’s supervision when labeled doses are ineffective.  Under AMDUCA, the veterinarian prescribing the off-
label use must recommend an appropriate pre-slaughter withdrawal period to ensure that drug residues remaining in edible 
tissues deplete to safe levels (21 CFR Part 530).

There are very few data which describe the depletion of penicillin G residues under off-label conditions.  The studies available 
indicate increased doses increase the elimination time.  Apley et al. (2009) conducted a residue depletion study in sows using 
a single 5x label dose of 33,000 IU/kg administered by intramuscular injection or with a needle free device.  Intramuscular 
injection in the “hip” produced flip-flop kinetics (KuKanich et al., 2005; Riviere 2011) in which the terminal elimination rate 
is controlled by the rate of absorption rather than by the rate of elimination.  Between-animal plasma half-lives were highly 
variable.  After an 8-day withdrawal period two of five hogs had a quantifiable residue.  From these data, they recommended 
of a 28 day withdrawal period based on a 95% confidence interval that 99% of treated animals would have no detectable 
residue in the kidney. 

The US-FSIS changed the method for screening swine tissues for antimicrobial residues from the Fast Antimicrobial Screen 
Test to the KIS™ test in September of 2011 (FSIS notice 45-11).  An increase in the detection of penicillin residues in sow 
tissues subsequent to the adoption of the new screening assay may be attributed to the survey method change.  This paper 
describes the detection of penicillin G procaine residues with the CHARM-KIS test in kidney, liver, plasma, urine, and 
skeletal muscles of heavy sows after an extra-label penicillin-G procaine administration.  Sows were treated IM with 33,000 
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IU/kg bw for 3 consecutive days and were slaughtered with withdrawal periods extending to 39 days post-treatment.  
 

Material and Methods
Chemicals and Supplies. Penicillin G procaine (300,000 U/mL; Norocillin; Norbrook Pharmaceuticals, Lenexa, KS) injection 
solution was purchased from Ivesco, LLC (Iowa Falls, Iowa). Penicillin G procaine monohydrate reference standard was 
purchased from U. S. Pharmacopeia, Rockville, MD.  Kidney inhibition swabs, neutralization tablets, penicillin G controls, 
and heating blocks were obtained from Charm Laboratories (Lawrence, MA).  Driploss containers were purchased from the 
Danish Meat Research Institute, Taastrup, Denmark.

Animal Housing and Treatment Assignment. A study protocol was approved by the North Dakota State University Institutional 
Animal Care and Use Committee prior to the initiation of the live-phase of the study. Heavy sows were purchased from the 
North Dakota Pig Cooperative (Larimore, ND) and delivered to the North Dakota State University Animal Research Center 
(Fargo, ND) and acclimatized for at least 14 days.  Animals were randomly assigned to one of three treatments and were each 
provided unique identification numbers by ear tag.  For treatment 1, sows received injections (10 mL on each side) in a single 
location for 3 days at the same location.  For treatment 2, sows received consecutive injections (10 mL on each side) for 3 
consecutive days at locations separated by approximately 2 inch intervals. For Treatment 3, sows received 20 mL in the one 
side with overflow injections occurring on the other side of the neck. Injections occuring on consecutive days were separated 
by approximately 2-3 inches.

Sows were slaughtered with 5, 10, 15, 20, 25, 32, or 39 day withdrawal periods relative to the last off-label dosing day.  
Positive control sows (n = 2 per withdrawal period) were treated with the label dose (6,600 U/kg bw) of penicillin G via IM 
administration for 3 consecutive days and were euthanized after a 7-day withdrawal period, consistent with the product 
label; or a 15-day withdrawal period. Negative control sows (n = 2) were dosed IM with sterile saline (1 mL per 45.5 kg) for 
3 consecutive days and were slaughtered 5 days after the last saline injection. 

On-Site Analysis of Kidneys. Kidney samples were screened for penicillin residues on the kill floor using the Charm-KIS 
microbial inhibition test according to FSIS procedures (FSIS CLG-ADD 3.01, 2011); the manufacturer’s recommended 
incubation time, without the automatic shut-off option, was followed. All samples were determined in duplicate by separate 
operators and each result scored independently by both operators.  

Sample Collection and Treatment. At collection, skeletal muscle and additional kidney were collected using a 3-cm diameter 
tissue coring device driven by a cordless drill and trimmed to approximately 3 x 3 cm.  Samples were placed into Driploss 
containers and were frozen at -80 ˚C until analysis. Samples were thawed at room temperature for 1 hr and the tissue 
juices were collected from the drip tubes after centrifuging at 1,200 x g for 10 min.  The collected tissue juices were used to 
saturate Charm-KIS swabs.  Microbial inhibition tests for tissues were then conducted as described by the FSIS (2011) for 
determination of the presence of penicillin G. Liver required the addition of an equal volume of water followed by boiling (1 
min) and centrifugation at 14,000 x g prior to swab.  Urine or serum aliquots (500 µL) were combined with a single Charm-
KIS neutralization tablet and vortexed; particulates were allowed to settle for 1 min.  Serum/urine supernatant was adsorbed 
for 10 seconds with a cotton swab, after which, the CHARM-KIS microbial inhibition assay was performed.

Assay Sensitivity Determination. Control serum, urine, skeletal muscle juice, and kidney juice were prepared as previously described 
and tissue matrix aliquots were spiked with 0, 10, 20, 30, 40, and 50 ppb of penicillin G procaine.  Liver juice was spiked with 0, 10, 
25, 50, 75, and 100 ppb of penicillin G procaine.  Fortification of each matrix was repeated on three separate days.  

Results and Discussion
Typical color indication for positive, negative, and “caution” KIS results are 
shown in Figure 1.  Sensitivity for penicillin residues in kidney juice, muscle 
juice, urine, and serum was 20, 30, 20, and 30 ppb respectively and can be lot 
dependent.  When dilution factor is accounted for, liver juice sensitivity was 
100 ppb.  

Negative control sows that received normal saline and which were 
slaughtered on withdraw day 5 had negative readings for all matrices 
tested.  The positive control sows, which received the label dose and were 
slaughtered at withdrawal day 7 showed positive Charm-KIS results for 
all tissues. For withdrawal day 15, one out of two positive control animals 
tested positive using Charm-KIS in kidney and urine samples but the 

Figure 1. Typical results returned from the 
Charm-KIS rapid screening assay, from left to 
right, KIS negative control, KIS positive control, 
negative, caution, and positive results from 
kidney swabs.  A caution results is considered to 
be negative by FSIS.
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rest of matrices returned negative results.  As seen in Figure 2 there is no difference in the various treatments indicating 
the differences from the various injection patterns are not discernibly different.  The variability is probably due to the 
variability in absorption since penicillin G procaine would demonstrate flip-flop kinetics.  Apley’s (2009) estimate of a 
28 day withdrawal period is at least reasonable and our data  suggest it may be  longer before kidney levels become non-
detectable as we observed positives even at day 39.  Slow penicillin depletion could be attributed to absorption from the 
injection sites where residues remain and the fact that penicillin concentrated in the kidney where it is excreted by an 
active process.  From sow penicillin results reported by Korsrud et al (1998), penicillin concentrations in kidney were 
approximately 40-70 times greater than residues in corresponding muscle samples.  The Charm-KIS assay returned 
smaller numbers of muscle positives than in kidneys for the same animal and time point, in agreement with Korsrud et al’s 
findings.  Charm-KIS assays of liver returned fewer positive results than the assays of other tissues, even at day 5 (Figure 3) 
possibly caused by the much poorer assay sensitivity with liver compared to other matrices. 

Figure 2. Depletion of Penicillin G residues in kidneys (left panel) and muscle (right panel) of heavy sows as detected by the Charm-
KIS rapid screening assay. Line is a first order depletion fit of combined data from Treatments; false positive results (where there is no 
measureable residues from LC-MS/MS, data not shown) were removed from the skeletal muscle data prior to plotting.

Applicability of using the Charm-KIS for pre-slaughter screening of treated animals was tested with assays of serum and 
urine.  No false-positive Charm-KIS assay results were returned for either matrices (LC-MSMS data not shown). The urine 
was a much better surrogate matrix for detecting potential violative penicillin G residues in kidney (Figure 3) than was 
serum.  Serum results clearly demonstrate 
that serum is an inadequate surrogate 
for kidney because serum is more rapidly 
cleared of penicillin than kidney. 

Conclusion
Based on kidney results a prolonged 
withdrawal period is needed prior to 
culling sows that have been previously 
treated with high doses of penicillin G 
procaine.  The labeled dose can also return 
positive kidney penicillin tests beyond the 
prescribed withdrawal period.  Urine can 
serve as an ante-mortem test reflecting the 
levels which will be observed in the kidney.
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Abstract
Swine Mycoplasma Hyopneumoniea, hp, is known as a major factor to affect for the specific pneumonia (MPS). This damages 
is very serious because carrier rate of hp in piglets from 3 to 4 months of age is very high, the rate of piglets that the response 
of antibody to hp shows positive is 80 % over, and the rate that has very terrible tissue from MPS is 51% in Japanese pig farm. 
We bred a resistant strain to MPS by selection to decrease MPS pathogenic condition over 5 generations using Landrase 
(MPS strain), and a high immune performance strain by selection for peripheral phagocytosis, complement activity and 
antibody production against erysipelatous vaccine using Large Yorkshire (HI strain). And then, the crossbreed (F1) strain 
was produced by mating MPS and HI strains. In this study, we examined the selection response considering with the inflam-
mation response in MPS, HI and the crossbreed strains. As 1st examination, 18 heads of two MPS strain and 12 of general 
strain were supplied at about 60kg of body weight.  Body weight measurement, and taking blood and swab from nasal cavity 
were carried out from 70kg to 110kg by about 7 days each. Direct PCR method was performed for the detection of hp in nasal 
cavity, and plasma C-reactive protein (CRP) and metabolite concentrations were measured by using Dry Chem analyzer with 
a specific kit. The degree of MPS disease was evaluated by a general method. As 2nd examination, the same examinations in 
HI and F1 strain were performed respectively. All statistics and ANOVA were calculated by using SAS program. Body weight 
did not significantly differ among selection strains and general. Although most of animals were recognized as carriers of hp, 
plasma CRP concentration and degree of disease in MPS strains was low significantly in normal condition compared with 
general one (p<0.01). In HI and F1 strains, significant differences were not recognized.

Introduction
Swine Mycoplasma Pneumonia (MPS) is one of the representative chronic respiratory disease caused by the main infection 
of Mycoplasma Hyopneumoniea, hp. Although MPS is known to decrease the daily gain and feed efficiency, resulting in huge 
economic losses in the productivity (Sarradell et al., 2003). This damages is very serious because carrier rate of hp in piglets 
from 3 to 4 months of age is very high, the rate that the response of antibody to hp shows positive is 80 % over, and the rate 
that has very terrible tissue from MPS is 51% in Japanese pig farm. Hp infection might complete by invasion to the host an-
imal through the oral and/or nasal pathway. And hp would adhere to the bronchial and pulmonary alveolus epithelial cells 
and firstly induce inflammation in adhesion site and around (DeBey M.C., 1992). The hp infection and its inflammation are 
recognized via the Toll-like receptors on the porcine alveolar macrophages (Muneta Y., 2003). So hp itself on the epithelial 
cells is possible to form a lesion of pulmonary inflammation. In the previous study, we evaluated MPS pathogenic condition 
and bred a resistance strain to MPS by selection to decrease MPS lesion over 5 generations using Landrase (MPS strain) 
(Katayama M., 2011). Also we bred high immune performance strain by selection for peripheral phagocytosis, complement 
activity and antibody production against erysipelatous vaccine using Large Yorkshire (HI strain). And then, the crossbreed 
(F1) strain was produced by mating MPS and HI strains. In this study, we examined the selection response, plasma CRP 
and metabolite concentrations, and MPS lesion degree considering with the inflammation response in the MPS, HI and the 
crossbreed strains.

Material and Methods
All animal managements were carried out at the School of Food, Agricultural and Environmental Science, at Miyagi Uni-
versity according to the animal handling guidelines for animal experiments. As 1st examination, 18 heads of two MPS strain 
which was genetically selected to show lower incidence of the pulmonary MPS lesion in Miyagi Prefecture Animal Industry 
Experiment Station, and 12 heads of general strain were supplied at about 60kg of body weight. In brief, this MPS strain was 
established based on the genetic selection aggregated breeding value of 4 traits (average daily gain, back fat thickness, MPS 
lesion, and cortisol concentration). And 12 heads of high immune performance strain by selection to increase peripheral 
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phagocytosis, complement activity and antibody production against erysipelatous vaccine using Large Yorkshire (HI strain) 
and 12 heads of crossbreed (F1) strain produced by mating MPS and HI strains were supplied at the same time with MPS 
strain and at same body weight level. As control strain, general Large Yorkshire and crossbreed between Large Yorkshire and 
Landrase were used, respectively. Body weight measurement, and taking blood and swab from nasal cavity were carried out 
from 70kg to 110kg by about 7 days each from trial start, day 0. In this study, we examined the selection response considering 
with the inflammation response in the MPS, HI and the F1 strains compared to each control pigs. Direct PCR method with 
hp specific primer sets was performed to detect hp in nasal cavity, and plasma CRP and metabolite concentrations were mea-
sured by using Dry Chem analyzer (Fujifilm Co.Ltd.) with a specific kit. The degree of MPS lesion was evaluated by a general 
method. All statistics and ANOVA was calculated by GLM procedure of SAS program (Version 9.0). 

Results
Body weight did not significantly differ among selection strains and general one. Including to a previous reserach, hp was 
detected from nasal cavity in all animals with no relationship to strains. Interestedly, the carriering condition of hp in MSP 
strain was lower compared to general Landrase (Figure 1). Plasma CRP concentration and degree of disease in MPS strains 
were lower significantly in normal condition compared to general one (p<0.05) (Figure 2). In HI and F1 strains, significant 
differences were not recognized. MPS lesion degrees in MPS strain, F1 strain and genaral Large Yorkshire were lower signi-
ficantly compared to general Landrase (p<0.05). 
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Discussion
Especially, MPS strain selected for decreasing MPS sick degree might have a performance to resist to inflammation from hp 
infection. However the selection responses to decrease MPS lesion did not be recognized in HI strain selected for increasing 
4 kinds of immune performances. Also considering to the results in F1 strain, selection specificity to resist to inflammation 
from hp in MPS strain might not be dominant. 
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Abstract
This work aimed at (i) describing Campylobacter excretion by conventional pigs in field conditions from sows to fatten-
ing pigs, and (ii) assessing the role of the environment as a source of pig contamination. Five sows and six piglets per sow 
were individually followed in two farrow-to-finish farms. Faecal shedding, contamination of pens (empty or with animals), 
feed and water were monitored from birth to finishing for pigs and during one production cycle for sows. Campylobacter, 
mainly C. coli, was highly prevalent for sows and their piglets. All the sows excreted Campylobacter. Piglets became infect-
ed early: 84 and 86% of them excreted Campylobacter three to five days after their birth. The prevalences increased pro-
gressively through the rearing period with some young pigs becoming punctually negative. The amount of Campylobacter 
in faeces was highly variable between pigs (from 0 to 109 CFU/g of faeces) and between sampling times for a given pig, with 
sometimes no detection. Samples of the pigs’ environment during the down period were always negative and became posi-
tive when pigs were housed in the pens. Nevertheless, no correlation was established between the excretion level of the pigs 
and the contamination level of their environment. Some samples of feed, initially free of Campylobacter, became positive 
due to contamination by faecal material. Finally, our study underlines the role of the sows as a Campylobacter contamina-
tion source for their piglets. 

Introduction
Campylobacter, a major cause of food-borne human infection, is commonly carried in the intestinal tract of a wide range 
of animals, including livestock animals, without causing clinical signs (EFSA, 2007). Pigs are known to be frequently 
infected by Campylobacter with prevalence between 50% and 100% and excretion levels ranging from 102 to 107 Colony 
Forming Units (CFU) of Campylobacter per gram of faeces (Alter et al., 2005). For the implementation of control measures 
in farms, dynamics of Campylobacter excretion and sources of contamination have to be known. Previous studies describe 
that piglets became infected by their mothers within the first weeks of life (Hume et al., 2002). Other sources could be 
suspected among which the environment (Alter et al., 2005). This work aimed at (i) describing Campylobacter excretion 
(presence/absence, main species and quantity) by conventional pigs in field conditions along one production cycle from 
sows to fattening pigs and (ii) assessing the role of the environment as a potential source of pig contamination. 

Material and Methods
Farms and animals individual follow up
This study was carried out in two farrow-to-finish farms. In each farm, five sows from the same batch have been followed 
along one production cycle (before farrowing and until the slaughter of their offspring). After farrowing, 6 piglets per sow 
have been individually followed from their first week of life until their departure to the slaughterhouse. Sows were moni-
tored weekly 2 weeks before farrowing. Piglets and sows were followed weekly from the first week to 5 weeks of age then 
growing pigs were monitored every three weeks until slaughter whereas the sows have been sampled at the 8th, 11th and 17th 
weeks after farrowing. 
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Samples and analysis 
Fresh faecal samples from sows and young pigs were collected individually and 10 g of each were diluted to 1:10 in Preston 
broth for detection and enumeration. For the environment, surface swabs (floors, walls, structures) were collected from 
each pen and from the floors and walls around each pen (i) in empty rooms after cleaning/disinfection (during the down 
period) and (ii) in presence of the animals. Surfaces swabbed were measured to detect and quantify the number of Cam-
pylobacter per square meter. Swabs were humidified with 45ml Preston broth. Enumeration for all the samples was done 
using a 10-fold serial dilution on Karmali plates. 

Presence/absence of Campylobacter was checked in feed and water. Feed samples were collected before the distribution to 
the animals (in bags or silos) and in presence of pigs (into the trough of each studied pens).Water samples were collected 
upstream to the distribution network and at the faucet in each unit (service, gestation, farrowing, post-weaning, fattening). 

Species of isolates were identified by real-time PCR (Leblanc-Maridor et al., 2011). 

For the statistical analysis, the correlation between the contamination level of the environment and the excretion level of 
Campylobacter by the animals was estimated.

Results
For one farm (Farm I), all the faecal samples from sows were positive for Campylobacter whatever the sampling times 
while in the second farm (Farm II), no Campylobacter were detected in the faecal samples of one sow at three different 
sampling times. Level of Campylobacter excretion varied from less than 102 to 107 CFU of per gram of faeces, and varied 
between sows at one sampling time and also for a given animal at different sampling times.  

At 3 to 5 days after birth (first faecal sample), 84% and 86% of the piglets (respectively Farm I and Farm II) 
excreted Campylobacter (Figure 1). These 
prevalences increased progressively 
through the rearing period except at three 
weeks of age where only 60 % of the piglets 
excreted Campylobacter. Afterwards, prev-
alences were above 90 % with some pigs 
becoming punctually negative.

The Campylobacter faecal excretion of young 
pigs was on average 105 to 107 CFU of Campy-
lobacter per gram of faeces with a high vari-
ability in the quantities between two different 
samples for a given animal or between pigs 
at the same sampling time (from 0 to 109 
CFU/g) (Figure 2).  A decrease of the quan-
tity of Campylobacter excreted by piglets 
was observed between the 4th and the 5th 
weeks of age for both farms after treatment 
with tylosine given to the piglets at the en-
trance into the post-weaning unit.

No Campylobacter was ever found in the 
environmental samples taken after the 
cleaning-disinfection process (without 
animals) as well as in the feed samples taken 
before distribution to the animals or in the 
water. When the animals were in the pens, 
feed samples and environmental samples were positive with a high variability of the contamination level (from less than 
100 to 109 CFU/square meter). Concerning the environmental samples (walls or floors), the number of positive samples 

% of Campylobacter excreting pigs

Figure 1: Evolution of the percentage of young pigs excreting 
Campylobacter in their faeces

Faecal excretion of Campylobacter by pigs
        log (CFU/g faeces)

Figure 2: Faecal excretion of Campylobacter by young pigs
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increased with the age of the pigs. There is no significant correlation between the level of Campylobacter excretion by pigs 
and the contamination level of the environment, whatever the samples (walls or floors of the pens and food) (P>0.05). 

All Campylobacter isolates from faecal samples of sows and pigs, environmental samples and feed were identified as C. coli.

Discussion
The objective of this study was to describe the dynamics of Campylobacter excretion in a conventional farrow-to-finish farm 
and to assess the role of the environment as a potential source of contamination. The originality of this study was the indi-
vidual follow-up of the same animals all along a production Indeed, in the other studies, the comparisons of prevalence or 
excretion levels of Campylobacter between pigs at various stages have been done on different animals, at one sampling time 
or on a grouped way (Alter et al., 2005; Weijtens et al., 1993; Weijtens et al., 1999).
In this survey, the high prevalence observed for sows throughout a production cycle is close to that found in the literature. 
Nevertheless, this result has to be taken with caution considering the low number of individuals sampled (5 sows per farm).  
Regarding the piglets, 84 and 86% of them are contaminated at the first sampling time, 3 to 4 days after their birth. This early 
contamination of piglets was similar to the results previously described (Weijtens et al., 1997; Weijtens et al., 1999).

In our study, the early contamination of the piglets seems to be due to the contact with their mothers as the environment was 
negative during the down period (after the cleaning and disinfection process) as well as feed and water of the farrowing unit. 
Moreover, sows excrete high quantities of Campylobacter which could promote the contamination of the piglets. The role of 
the sows as the first contamination source of Campylobacter for their piglets was previously described (Weijtens et al. 1999; 
Hume et al., 2002; Alter et al. 2005).

Besides, the progressive increase of the prevalence of young pigs’ infection is in accordance with the results of Weijtens et al. 
(1997). However, like Alter et al. (2005) we did not observed a decrease of the percentage of carrier pigs during the fattening 
period as observed by Weijtens et al. (1993). To our knowledge, the punctual decrease of prevalence (60% of the piglets) 
observed in both farms at the third week of life has not been reported previously. The origin of this decrease is difficult to 
explain and not linked to bias of bacteriological method as the positive sows samples have been treated at the same time. 

For sows and for piglets, the amount of Campylobacter in faeces was highly variable (from 0 to 109 CFU/g). After the 5th week 
of life, all young pigs became shedders until the end of the study with a level of excretion similar to those found in previous 
studies, except for one animal. Nevertheless, similar to previous findings (Weijtens et al., 1999), variations in the average 
colony count of Campylobacter in the faeces between both animals and samples from a given animals were observed in our 
trial. Campylobacter could not be detected in one animal at one time point whereas high counts were observed in faeces 
from the same pigs at previous and following sampling times. This situation was previously described in an experimental 
trial (Leblanc-Maridor et al., 2008). These observations suggest an intermittent excretion of Campylobacter or elimination 
followed by re-contamination of pigs by Campylobacter (Weijtens et al., 1999).

No significant correlation has been found in our study between the contamination level of the environment and the excretion 
level of the pigs. However, the environment can play a role as source of indirect contamination for pigs, especially due to pig 
having frequent oral contacts with their environment. In this work, the resistance of Campylobacter in the environment in 
a pig farm seems limited as shown by a high number of negative environmental samples in the presence of the animals on 
dirty soil. In the same way, no positive environmental samples have been observed after the down period showing that good 
measures of hygiene between two batches (cleaning, disinfection, down period) allow the elimination of Campylobacter in 
the concerned rooms. The epidemiological role of the environment in the infection dynamics and the excretion pattern of 
Campylobacter by pigs might be limited if this environment is not constantly recontaminated by pigs faeces. Weijtens et al. 
(2000) underlined in a study that Campylobacter infection in pig farm can be reduced even eliminated through the imple-
mentation of strict hygienic measures associated with a repopulation with Campylobacter non-carriers pigs. Among the 
feed samples taken into the troughs in presence of animals, few were positive due probably to a contamination via the faecal 
material (the presence of faeces into the trough has been sometimes observed or strongly suspected). These results highlight 
that feed could play a role in indirect transmission of Campylobacter between pigs.

Conclusion
Our study confirmed the high prevalence of Campylobacter infection for sows and pigs in conventional farms all along a 
production cycle. The early contamination of the piglets could be mostly due to the contact with their mothers. Even if no 
significant correlation has been shown between the environment contamination and the excretion levels of Campylobacter 
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by the animals, the environment appeared frequently contaminated notably by faecal material (walls, floor and structures of 
the pen/room, feed in the troughs) and is probably an element of Campylobacter transmission between animals. 
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Abstract
Based on a questionnaire returned by 111 pig health experts from six European countries a list of potential alternatives to an-
timicrobials was ranked. These alternatives provide input for further studies to find strategies to reduce the widely discussed 
use of antimicrobials and the potential risk from antimicrobial resistance. Based on their scores for effectiveness, feasibility 
and return on investment, the most promising alternatives according to the consulted experts are believed to be: improve-
ment of biosecurity measures, increased/improved vaccination, use of zinc/metals, improvement of feed quality and the use 
of regular diagnostic testing combined with a clear action plan. The MINAPIG consortium will use these results as input for 
future studies.

Introduction
Reduced antimicrobial usage in livestock is widely discussed and highly promoted in Europe and worldwide as a measure to 
reduce antimicrobial resistance. However, to guarantee animal health, welfare and economic viability, effective and efficient 
alternatives are necessary. Pig health experts were asked to provide their perception of the usefulness of different alternatives 
to antimicrobials. The aim of this study was to distillate a list of potential alternatives that could be used as input for further 
studies.

Material and Methods
A paper or web-based questionnaire was sent to porcine veterinary experts in Belgium, Denmark, France, Germany, Sweden 
and Switzerland. The participants were asked to score pre-listed alternatives to antimicrobial usage regarding expected effec-
tiveness, feasibility and return on investment (ROI) between 0= not effective/feasible/economical and 10= highly effective/
feasible/economical. The pre-listed alternatives were: Financial/tax (increased price of products), Benchmarking of farmers/
veterinarians, Communication/unified advice (improved communication between farmer and veterinarian, all herd advisors 
promote same strategy), Diagnostics/action plan (herd specific action plan based on diagnostics and historical data), High 
health/SPF/eradication programs, Genetics, Increased vaccination, Strict euthanasia policy, Increased use of anti-inflam-
matory products, Improved external biosecurity, Improved internal biosecurity, Age and transfer management (minimized 
number of movements and at older age), Reduced stocking density, Improved climate/environmental conditions, Improved 
water quality, Acidification of feed or water, Optimization of feed quality, Use of feed additives and Use of Zinc/metals. The 
alternatives were provided with a short explanation. The experts were also asked to provide their professional occupation.
Data were analyzed using Microsoft Excel 2010 and IBM SPSS version 21.

Results
A total of 111 experts returned the questionnaire, ranking at least 8 out of 19 alternatives (Belgium n=24, Denmark n=30, 
France n=8, Germany n=17, Sweden n=23, Switzerland n=9). Response rates were minimum 40% and maximum 94%. The 
majority of respondents were veterinary practitioners (n=53). The other respondents were: professors/teachers (n=13), re-
searchers (n=20), nutritionists (n=6), technical consultants of the pharmaceutical industry (n=8) and other advisors (n=11).  
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The average scores of all respondents resulted in the following top 5 per scoring parameter:

Top 5 Effectiveness: Improved internal biosecurity (µ=8.21, SD=1.91), improved external biosecurity (µ=7.85, SD=1.83), 
improved climate/environmental conditions (µ=7.75, SD=1.63), increased vaccination (µ=7.64, SD=1.58) and high health/
SPF/disease eradication (µ=7.64, SD=2.13).

Top 5 Feasibility: Increased vaccination (µ=7.32, SD=1.79), increased use anti-inflammatory products (µ=7.30, SD=2.11), 
improved water quality (µ=7.18, SD=2.10), feed quality/optimization (µ=7.15, SD=1.96) and use of zinc/metals (µ=7.13, 
SD=2.85).

Top 5 ROI: Improved internal biosecurity (µ=7.61, SD=1.75), use of zinc/metals (µ=6.99, SD=2.39), diagnostics/action 
plan (µ=6.94, SD=2.07), feed quality/optimization (µ=6.90, SD=2.28) and climate/environmental improvements (µ=6.86, 
SD=1.96).

Combining the scores for Effectiveness, Feasibility and ROI resulted in the following top 5:
Improved internal biosecurity (µ=7.49), increased vaccination (µ=7.24), use of zinc/metals (µ=7.21), feed quality/optimiza-
tion (µ=7.20) and diagnostics/action plan (µ=7.04).

On average researchers and professors/teachers preferred diagnostics and action plans as respectively the best or second best 
alternative related to the overall score of the three scoring parameters. While for example practitioners placed this alternative 
in sixth position.

Nutritionists and other advisors, such as pig consultants and veterinary managers, saw the use of zinc/metals as the most 
important alternative. Those experts focused in general more on the alternatives related to feed, water and zootechnical im-
provements such as climate and environmental, while professors, teachers and consultants from the pharmaceutical industry 
gave higher rankings to biosecurity measures and increased vaccination. 

Financial/tax as an alternative was in the bottom three ranking for all profession categories. Benchmarking of veterinarians 
and farmers ended up in the middle regions of the ranking for most profession categories, except for the practitioners, they 
placed this alternative fourth last.

Discussion
Response bias might be relevant in this study, although the order of the pre-listed alternatives and the additional explanatory 
information were carefully designed to minimize this bias risk. 

Some countries, such as The Netherlands (SDa, 2013) and Denmark (Alban et al., 2013), already have 

some benchmarking measures in place, combined with a low or even obligated strict reduction of antimicrobial usage in 
livestock production. Furthermore some EU countries allow the usage of zinc in weaned piglets . However, use of zinc will or 
legally might not be implementable in all countries. As a single measure they are unlikely to sufficiently reduce antimicrobial 
usage without affecting production. Other (combinations of) alternatives, focusing on the production of healthy animals in 
an optimized environment are necessary. The experts ranked improvement in biosecurity and climate/environment highest 
in effectiveness, indicating that there is room for improvement in these areas.

For practitioners the average scores vary less, with the lowest maximum average score and highest minimum average score, 
indicating that they perceive relatively more importance for all proposed alternatives.

Although a limited number of experts from a limited number of EU countries were included in this study, conclusions can 
be drawn from their perceptions on alternatives to antimicrobial usage.

Conclusion
These results provide a first impression on the experts’ opinion on possible alternatives to antimicrobial usage in pig produc-
tion. Biosecurity improvements, increased vaccination, use of zinc/metals, improvement of feed quality and use of regular 
diagnostics testing and a clear action plan score high on all criteria. Based on our results, these measures are believed to be 
the most promising alternatives to antimicrobial usage. The MINAPIG consortium will add complementary information and 
use these results to design future field studies.
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Abstract
In order to be able to compare antimicrobial usage data between countries with a uniform quantification method a Defined 
Daily Dose Animal (DDDA) per active substance was defined. Information of 731 antimicrobial products licensed for use in 
porcine medicine in four EU countries was used to establish mean DDDAs for 83 unique active substances (AS) including 
combinations of different AS. Common DDDAs were defined in spite of large variations in the authorized dosages for the 
same active substances and administration routes. These DDDAs will be used to quantify and compare antimicrobial usage 
in pig production in four EU countries.

Introduction
High antimicrobial usage in food producing animals is of major concern. To compare usage data between countries, a 
uniform quantification method is needed. This requires the definition of a Defined Daily Dose Animal (DDDA) for each 
active substance (AS) to be able to compare the number of animals treated based on the amount of antimicrobials used. Such 
DDDAs have not been defined in most countries. Therefore, we attempted to assign DDDAs for antimicrobials used in pig 
production in four EU countries. 

Material and Methods
Based on the Summary of Product Characteristics (SPC), DDDAs (Dewulf.J. et al., 2012) were calculated for antimicrobial 
products licensed in Sweden (n=51), Germany (n=281), France (n=240) and Belgium (n=159). Products were categorized 
based on their AS(s), long acting characteristics and administration route. Dosages for the main indication were used to 
calculate the mean, modus and median doses for each AS including combinations of AS. When a dose range was indicated 
for an AS without stating a main indication, the minimum and maximum doses were used to calculate the mean dose for the 
particular AS. Dosages for combination products were calculated after adding all included ASs for each product. The mean 
dose obtained for each AS including combination products for the four countries was then determined to be the consensus 
DDDA. Long acting (LA) products received a LA factor depending on the duration of the activity to determine the number 
of DDDAs resulting from one treatment. Whether the product was categorized as critically important by the World Health 
Organization (WHO Advisory Group on Integrated Surveillance of Antimicrobial Resistance (AGISAR), 2011) or World 
Organisation for Animal Health (75th International Committee, 2007) was registered as additional information. 

Results
A total of 83 unique (including combinations of) AS were categorized. The most common administration routes were 
feed/water (n=360) and parenteral (n=327). Colistin (n=53) and amoxicillin (n=49) were the most commonly licensed 
antimicrobials. However, enrofloxacin (n=44) and ceftiofur (n=33), WHO and OIE critically important antimicrobials, were 
also well represented.

Large differences between SPC dosages were observed for the same AS and the same administration route. Differences were 
more prominent for older products in comparison to more recently authorized products. Large differences were seen in 
feed/water tetracycline (n=6, min=20 mg/kg, max=85 mg/kg), chlortetracycline (n=15, min=15 mg/kg, max=85 mg/kg) 
and oxytetracycline (n=19, min=20 mg/kg, max=100 mg/kg). There were also remarkable differences between countries 
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(i.e. spectinomycin oral drench, Belgium (n=1), authorized dose = 40 mg/kg, Germany (n=1), authorized dose = 150 mg/
kg). Even within the same country the differences for some AS were huge (i.e. sulphaguanidin + sulphadimidin France, n=2, 
min=38.40 mg/kg, max=160 mg/kg and tylosin Belgium, n=7, min=4.5 mg/kg, max= 45 mg/kg). More recently registered 
products like enrofloxacin show minor deviations in authorized doses between countries (n= 38, min=2.5 mg/kg, max=3.8 
mg/kg). European Union harmonized products like ceftiofur have, as harmonization suggests, the same authorized dose in 
all four countries. Parenteral dosages were generally lower compared to those for oral preparations.

Discussion
This report is the first attempt to define general DDDAs as far as the authors are aware. The listing and comparison of 
available products and their SPCs revealed remarkably huge variations in authorized doses of the same compound between 
countries and even between commercial products within countries making the selection of one defined daily dose difficult.  
Therefore  criteria as described above were determined to allow an objective selection of the DDDAs. Since a large number 
of products from several countries were included, we consider the determined DDDAs as representative; however including 
more products from other countries will likely further influence the mean DDDAs. Also the numbers and kinds of marketed 
products changes over time which may further influence the mean DDDAs. To enhance comparability between countries 
it would be hugely beneficial if one, preferably global, list of DDDAs would be determined. Our effort may be a first step 
towards such a harmonization.

Conclusion
Comparison of antimicrobials licensed for pigs in four EU countries showed large variations in number and types of products 
registered as well as differences in dosages. Despite the large variations, a methodology was developed to define common 
DDDAs for used AS. These DDDAs will be used to quantify and compare antimicrobial usage in pig production in four EU 
countries.
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Abstract
Neomycin, an aminoglycoside, is use at farm level for Escherichia coli treatment of piglets postweaning diarrhea, with 40% 
of unsuccessfully treatment due to the antimicrobial resistance. To overcome this situation, veterinarians use colistin also call 
polymyxin E, but this antibiotic is not homologated in Canada, even if it seems to be effective against E.coli. The described 
resistance to polymyxin is associated to a modification of the LPS core and the lipid A regions in the bacteria. For Salmo-
nella, those modifications are associated to the two components system PmrA-PmrB. This system is known in E.coli but not 
yet reported to be implicated in colistin resistance. The neomycin resistance is linked to enzymatic modifications associated 
to genes located on plasmids. This study has for objectives to investigate the acquisition of colistin resistance and study the 
transfer of neomycin resistance between E.coli strains and other enterobacteria. E.coli O149 strains isolated from clinical 
cases (2008 to 2011) were used and susceptibility testing of strains was performed by the disk diffusion method. E-test and 
a micro-dilution method were used to determine the minimal inhibitory concentration (MIC) of colistin and neomycin re-
spectively. All tested strains had a MIC higher than 128 ppm for neomycin whereas MICs were between 0.064 to 0.128 ppm 
for colistin, indicating that all strains were resistance to neomycin but all susceptible to colistin. In these isolates, neomycin 
antimicrobial resistance genes aac(3)-IV, apkA1 and aphA2 have been detected using PCR. Conjugation experiments are 
presently being performed. Colistin natural mutants (n=22) were created through serial passages on LB agar with 25xMIC. 
Sequencing of the PmrA-PmrB region of these mutants was performed to identify mutations. Three PmrA and seven PmrB 
mutations were for the first time reported in E.coli O149. Others mutants are still under investigation for other possible re-
sistance mechanism.

Introduction
Escherichia coli O149 is the major cause of post-weaning diarrhea with an important economic impact. Veterinarians use 
neomycin, an aminoglycoside for treatment of this condition. Unfortunately near 40% of the treatments are unsuccessfully 
due to E.coli resistance to this antibiotic (Maynard et al., 2003). The most frequently associated mechanism of resistance is 
by enzymatic modification, acetylation and phosphorylation, of the neomycin. Three genes are mostly associated with neo-
mycin resistance; acc(3)-IV, apk(3’)-I, aph(3’)-II and most of the time, we find those genes on plasmids of different size (4 
to 93kb) (Shaw et al., 1993). To overcome this situation, veterinarians use colistin sulphate (CS), a polypeptide antimicrobial 
also call polymyxin E, but this antibiotic is not authorize in Canada even if it seems to be effective against E.coli, because it 
is use in human medicine for Pseudomonas aeruginosa in kystic fibrosis. In other countries, this polypeptide antibiotic is 
recommended for the oral therapy of intestinal infections in pig. The target of CS is the Gram negative bacteria lipopolysac-
charide (LPS) molecule by a cationic interaction leading to a displace of cation magnesium Mg2+ and calcium Ca2+ causing 
a leakage of intracellular contents and bacterial death (Wang and Quinn, 2010). Resistance to colistin have been reported in 
Salmonella sp. by the two components system PmrAB. This system is associated with a modification of the LPS by adding a 
L-ara4N group to LPS core causing a reduction of negative charge, leading to a less negative LPS charge (Boll et al., 1994). A 
mutation in those genes could lead to a constitutively of the system leading to a CS resistance by decreases the cationic liaison 
between CS and LPS. Therefore, the aim of this study was to first evaluate the in vitro acquisition of CS resistance and second 
to assess the in vitro transfer of neomycin resistance.
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Material & method
Eight strains of E.coli O149 isolated from clinical cases (2008 to 2011) by ECL lab were selected for neomycin resistance. 
Susceptibility testing was performed by the disk diffusion method. Briefly, a dilution corresponding to a McFarland 0,5 was 
made in saline solution and uniformly plated on Mueller-Hinton (MH) agar, disks were aseptically added and plates were 
incubated overnight at 37°C. E-test was used to determine the MIC of colistin, briefly an uniformly plate was made with a 
dilution corresponding to a McFarland 0,5 on MH agar, E-test bands were aseptically added and plates were incubated over-
night at 37°C. For neomycin MIC, a micro-dilution method was used. Briefly, in sterile 96-well polystyrene microtitre plates, 
serial double dilution were made in MH broth from 128 mg/L to 0.25 mg/L. Each well was inoculated with approximately 
5x104 CFU/ml of E.coli strains in MH broth. The MIC was determined as the lowest concentration that resulted in inhibition 
of bacterial growth. In all MIC experiments, ATCC 25922 E.coli strain was used as control. For the  8 E. coli strains, PCR was 
used to determine the presence of antimicrobial resistance genes acc(3)-IV (F-GTGTGCTGCTGGTCCACAGC R-AGTT-
GACCCAGGGCTGTCGC), apk3’)-I (F-ATGGGCTCGCGATAATGTC R-CTCACCGAGGCAGTTCCAT) and aph(3’)-II 
(F-GAACAAGATGGATTGCACGC R-GCTCTTCAGCAATATCACGG).

Colistin mutants were created by incu-
bation of each strain overnight at 37°C, 
on Luria-Bertani broth (LB) with a colis-
tin concentration under the MIC. Serial 
passages were done on LB with 25xMIC 
for mutants selection.  Mutant DNA was 
extracted by standard boiling method. 
Amplification of genes pmrA and pmrB 
was performed by PCR using respectively 
primers F-CAAACTTGCAGGAGAGT-
GAG R-GCTGATCAGCTCAAACACCA 
and F-GGCTTTGGCTATATGCTGGT 
R-TTAACTACCGTGTTCAGCGT. PCR 
products were purified with PureLink® 
PCR Purification Kit (Invitrogen, Canada). 
Sequencing was performed by Sanger 
(Genome Québec). Alignments of se-
quence were done with Clustal X software.

Results
For the first objective on antimicrobial re-
sistance, all tested strains had a MIC higher 
than 128 ppm for neomycin whereas MICs 
were between 0.064 to 0.128 ppm for colis-
tin, indicating that all strains were resistant 
to neomycin but all susceptible to colis-
tin. PCR detection of neomycin resistance 
genes showed that apk(3’)-I was found in 
six strains. Strains 1000 and 2000 have two 
resistance genes respectively acc(3)-IV, ap-
k(3’)-I and acc(3)-IV, aph(3’)-II. (Fig 1)

Mutants were created (n=24) and sequenc-
ing showed 7 different mutation sites in 
pmrAB region leading to a colistin resis-
tance phenotype. Most of the mutations 
were found in mutants from E.coli ATCC 
25922 strain and these mutations were ob-
served in the pmrB gene. (Fig 2)

Strain 
ID Years Virotype

MIC  
Neomycin 

(µg/ml)

Resistance  
genes

MIC 
Colistin 
(µg/ml)

1000 2008 LT:STb:Paa:F4 512  acc(3)-IV, 
apk(3’)-I

0,064-
0,094

2000 2009 LT:STb:East1:F4 128 acc(3)-IV, 
aph(3’)-II

0,094-
0,125

3000 2009 LT:STb:Paa:F4 128 apk(3’)-I 0,047-
0,064

4000 2009 LT:STb:Paa:F4 128  apk(3’)-I 0,094
5000 2010 LT:STb:East1:F4 128 apk(3’)-I 0,125
7000 2010 LT:STb:F4  256 apk(3’)-I 0,125
8000 2010 LT:STb:East1:Paa:F4  512 apk(3’)-I 0,064

Fig 1: Table of seven strains of E.coli O149 isolated from field with years of 
isolation, virotype, MIC to neomycin (µg/ml), MIC to colistin (µg/ml) and 
neomycin resistance genes

Mutant ID Gene Genotype MIC (µg/ml)

E.coli Lab strain ATCC 25922
0004 pmrA A80V 6
0001 pmrA N128I 6
0001 pmrA S144G 6
0001 pmrB D65E 6
0003 pmrB T98M 12
0006 pmrB V103G 3

O149 field strain causing post-weaning diarrhea
5001 pmrB V87E 3-4
2003 pmrB F145Y 6
2003 pmrB D148Y 6
7003 pmrB D148V 8

Fig 2: Table of E.coli mutants colistin resistant with the mutation genes, the 
genotype and the MIC of colistin in (µg/ml). A: Alanine, V: Valine, N: Aspar-
agine, I: Isoleucine, T: Threonine, M: Methionine, G: Glycine, E: Glutamate, 
D: Aspartate
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Discussion
Study of colistin resistance

This study is the first to report exact mutation in pmrAB genes leading to colistin resistance in E.coli O149 field strains and 
E.coli ATCC 25922 strain. In another study (Sun et al., 2009), pmrAB mutations were identified for Salmonella sp. In our 
study, mutants had higher MIC values (30 to 80x) comparatively to Salmonella mutants (2 to 35x) suggesting that the site of 
mutation in pmrAB is probably linked to the degree of resistance. We also create mutants without a pmrAB mutation sug-
gesting another mechanism of resistance. Other genes have been reported to have a higher expression in a bile salt medium 
leading to colistin resistance (Kus et al., 2011). The arn operon genes which are involved in the synthesis and transport of 
the L-ara4N subunit (Wang and Quinn, 2010) and  acrAB genes who are involved in a multidrug efflux system are potential 
other genes implicated in the colistin resistance without a pmrA or pmrB mutation.

Conclusion
This study showed mutations in pmrAB genes leading to colistin resistance in E.coli strains. A better understanding of the 
mechanism of resistance to colistin is needed for a better use of this antibiotic and avoid therapeutic practices having an im-
pact of antimicrobial resistance of E.coli associated to postweaning diarrhea or other disease. Further studies are on going to 
characterized mutations not associated to prmA / prmB genes.
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Abstract
The objectives were to evaluate the risk of obtaining an infective dose of Yersinia enterocolitica (Y. enterocolitica) after 
consuming fermented sausages (made in a controlled process) and smoked filet made of Danish pork. For fermented 
sausages it was estimated that a maximum of two bacteria would be present in a serving of up to 40 g. However, most likely 
only one bacterium would be present per serving (4,000 times of one million simulations of 40 g serving’s = 0.4 %). Only 
in 27 times of one million simulated serving’s there were two bacteria present. For smoked filet it was estimated a presence 
of a maximum of one Y. enterocolitica per 40 g servings. The results showed that this would happen in 39 times of a total 
of one million simulations of 40 g servings. It has been shown that Y. enterocolitica does not grow within the given shelf-
life of these products, and the infection dose for Y. enterocolitica is assessed to be relatively high. Given this, it is therefore 
unlikely that Danish produced fermented sausages (made in a controlled process) and smoked filet are the cause of any of 
the annually reported 200-300 cases of human yersinosis in Denmark. 

Introduction
There are reported 200-300 cases of human yersinosis annually in Denmark.

A series of challenge tests in pork, using a real-time PCR-method, were conducted in the project «Yersinia in non-heat 
treated meat». The aim of these challenge-test studies was to measure reduction of the concentration of Y. enterocolitica 
during fermentation of sausages and production of the Danish speciality; «smoked filet» made of respectively pork 
shoulder and loin.

In this study the collected data in the above described projects, was used as inputs in a simulation model with the objective 
of evaluating the risk of acquiring an infective dose of Y. enterocolitica by consuming non-heat treated meat products made 
of Danish pork.

Material and Methods
The model:
A simulation model originally developed for estimating human risk of Salmonella Typhimurium DT104 infections caused 
by consumption of fermented sausage was used (Alban et al. 2002).

Modelling Y. enterocolitica in a batch of minced meat
Semi-quantitative data obtained from a screening of Danish and German pork conducted in 2010-2011 was used to model 
the prevalence and concentration of Y. enterocolitica in a 240 kg’s batch of minced meat - a standard size when producing 
fermented sausages and smoked filet (Larsen et. al 2012). 

A Pert distribution was used to model the prevalence of the contaminated meat obtained from the different abattoirs: 
minimum = 21 %, most likely = 42 % and maximum = 63 % for shoulder meat, and minimum = 4 %, most likely = 8 % and 
maximum = 12 % for loin. 

The number of bacteria (in the final products) was estimated under the assumption that a batch of pork of 240 kg 
contained 960 pieces of meat. A risk discrete distribution was used for all the 960 pieces, where the possible number of Y. 
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enterocolitica was combined with the frequency distribution 
of samples and the “abattoir-prevalence”. The resulting 
number of Y. enterocolitica for each of the 960 pieces was 
then summed up to a total number of bacteria’s present in a 
positive batch. 

There was also assumed that Y. enterocolitica was 
homogenously distributed in the minced meat/sausage 
and in the meat that would be used to make smoked filet. 
The latter was put in a salt water/solution and salt/water 
solution was injected into the filet – also assumed to fulfil 
the assumption of homogenous distribution of the Y. 
enterocolitica present.

Modelling reduction of Y. enterocolitica concentration during 
fermentation/smoking-process of pork
The Y. enterocolitica reduction obtained during production 
of fermented sausages and smoked filet were estimated, 
in the model, based on inputs of results obtained in the 
challenge-tests (Hansen 2011a and Hansen 2011b). 

The reduction obtained during fermentation of sausages 
under controlled conditions were; from 2.0 to 4.5 log cfu– 
of which we modelled by a Pert distribution; 2.0 log cfu = 
minimum, 2.4 log cfu = most likely, 3.5 log cfu = maximum 
(Hansen 2011b). 

For a standard smoked filet, reduction of 1.9 to 4.7 log cfu 
were obtained, and the values put into the Pert distribution in the model were hence; minimum = 1.9 log cfu, most likely = 
2.2 log cfu and maximum = 3.2 log cfu (Hansen 2011a). 

The probable number of bacteria in the raw material was, in the model, compared with the obtained reduction in 
concentration measured in the challenge tests. By doing that, an estimate for the number of Y. enterocolitica in one gram of 
the final products was obtained. 

Modelling of Y. enterocolitica in servings
Further the number of Y. enterocolitica in servings of 10 g, 25 g and 40 g fermented sausage/smoked filet were estimated. 
A 10 g serving is a typical weight of a slice on a sandwich made for children, whereas 25 g is a standard weight of a slice on 
a sandwich for adults. Further, a typical weight of a slice of fermented sausage/smoked filet on a large sandwich for adults 
would be 40 g.

Dose response for Y. enterocolitica in humans
An estimation of the likely annual number of human cases was not conducted since there is, as far as the authors know, no 
dose response model available for Y. enterocolitica. Nor does outbreak data exists that could have been used to make attack 
rates. Neither could we find experimental data published, except from the case-story reporting about a person turning ill 
after eating a dose of 3.5 x 109 yersinia-bacteria (Lake & Hudson 2004). In the literature it is given that the infective dose 
for Y. enterocolitica is 106 - 107  -  and it is not very likely that a human being could acquire infection when exposed to a low 
number of Yersinia (< 103). The assumption could therefore be that the infective dose is relatively high for healthy adults. 
For children, not previously exposed, the infective dose could, however, be lower.

Table 1. The distributions of samples collected from pork 
shoulder meat and loin with the estimated concentration 
(cfu/g) of Y. enterocolitica, and the estimated frequency 
distribution (Larsen et al. 2012)

Cuts
Y. enterocolitica 

/g
No. of 

samples
% distribution 

of samples
Shoulder <0,05 67 53,2

0,25 24 19,0
2,5 21 16,7
25 8 6,3

100 6 3,3
1000 - 1,0*
5000 - 0,5*

Loin <0,05 84 88,4
0,25 11 10,0
2,5 0 1,0
25 0 0,5*

100 0 0,1*
1000 - -
5000 - -

*Estimated based upon assumptions of a Normal 
distribution and assumptions of that a few samples could 
contain a high number of Yersinia. 
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Technical issues and software:
The data were modelled in @RISK (Palisade Corporation, Newfield NY), and the results are based on 1.000.000 
simulations. The variation in the prevalence of contaminated chilled pork between abattoirs, and the variation in the 
bacteria concentration on the contaminated pieces of pork used for production of fermented sausage and smoked filet 
are included stochastically in the model. The Proc. lifereg (SAS®) was used to estimate the frequency-distribution of the 
different Y. enterocolitica concentrations obtained in the study of Y. enterocolitica in pork shoulder and loin by Larsen et 
al. (2012) 

Results
There was, by the model, estimated an average content of 0.00013 Y. enterocolitica /g in a fermented sausage made of 
shoulder meat with a confidence interval of: 1.84 x 10-5 to 2.46 x 10-4. Similarly, the estimated content of Y. enterocolitica 
in a smoked filet made of loin was 0.0000011 bacteria 
/g with a confidence interval of 2.7 x 10-7 to 2.89 x 10-6. 
Table 2 sums up the estimated frequencies of servings 
of fermented sausages and smoked filet that contains Y. 
enterocolitica. The estimated distributions indicate that 
it is very unlikely that there will be more than two Y. 
enterocolitica per 10 g, 25 g or 40 g servings of fermented 
sausages. The frequency of servings with one bacterium 
is, on the other hand higher, depending on serving sizes; 
from 0.1 % to 0.4 %.

Discussion
Even though the results shows that servings of fermented 
sausages relatively often will contain Y. enterocolitica, the 
number of bacteria in a standard size of a serving of the 
final products would, however, be very low.

It is of importance to mention that it was shown that Y. 
enterocolitica does not grow within the given shelf-life of these products. Therefore, even in a situation with a very high daily 
intake of fermented sausages and smoked filets, it would not lead to a dose high enough (over days) to infect healthy human 
beings. However, for immune- suppressive people or people suffering from other disease, the situation could be different. 
Hence, in our opinion one have to seek elsewhere for cause of the annually reported 200-300 cases of human yersinose in 
Denmark.

Conclusion
By using the model, it was estimated; that a maximum of two bacteria would be present in a serving of up to 40 g of 
fermented sausages. However, more likely only one bacterium will be present per serving (4,000 times of one million 
simulations of 40 g serving’s = 0.4 %). Only in 27 times of one million simulated serving’s there were two bacteria present. 
For smoked filet it was estimated a presence of a maximum of one Y. enterocolitica per 40 g servings, of which could 
happen in 39 times of a total of one million simulations of 40 g servings.

It was shown that Y. enterocolitica does not grow within the given shelf-life of these products, and the infection dose for Y. 
enterocolitica is assessed to be relatively high.  Given this, it is therefore unlikely that Danish produced fermented sausages 
(made in a controlled process) and smoked filet are the cause of any of the annually reported 200-300 cases of human 
yersinosis in Denmark.

Table 2. The estimated number of servings (10 g, 25 g, 40 g) 
with one or two Y. enterocolitica present.

Size of serving

No. of servings with Y. 
enterocolitica of a total of 

1.000.000servings
0 

bacteria
1 

bacterium
2 

bacteria
10 g fermented sausages 998999 1000 1
25 g fermented sausages 996987 3000 13
40 g fermented sausages 995973 4000 27
10 g smoked filet 999986 14 0
25 g smoked filet 999972 28 0
40 g smoked filet 999961 39 0
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Abstract
Colistin sulfate (CS), a polymyxin antibiotic, is used in Canada for the treatment of post-weaning diarrhea in pigs as an al-
ternative to neomycin. The aim of the present study was to evaluate some pharmacokinetics parameters of CS and its effect 
on the evolution of the intestinal Escherichia coli population in pigs challenged with enterotoxigenic E. coli (ETEC): F4. A 
total of 14 weaned piglets were divided into two groups, a non-challenged, treated group (n=7) and a challenged, treated 
group (n=7). Both groups received a single oral dose of CS at 50,000 IU/Kg. Challenge was carried out by oral adminis-
tration of 109 CFU of a hemolytic ETEC: F4 strain resistant to nalidixic acid. Blood samples were taken at 30 min and 1, 2, 
4, 6, 8, 12, 24, 36 and 48 hours post treatment from each pig and CS quantification was performed by LC-MS/MS. In the 
challenged group, severity of diarrhea was monitored and the presence of the ETEC:F4 strain in the feces was enumerated 
using 5% bovine blood agar plates containing nalidixic acid. In both groups, total E. coli counts were carried out using Pet-
rifilm E. coli/Coliform count plates. In both groups, the plasma concentration of CS was below the lower limit of quantifi-
cation (20 ng/ml). Following CS treatment, a decrease in the total E. coli and ETEC: F4 fecal counts were observed at 24 h 
post treatment. The fecal consistency was not affected by CS treatment. 

For the first time, a study of some CS pharmacokinetics parameters with a highly sensitive method showed that CS levels 
are not detectable in systemic circulation following oral administration, and concurrent oral challenge with an ETEC strain 
did not affect CS absorption. A single dose of CS resulted in reduced bacterial counts of the total E. coli and ETEC: F4 
populations in the feces.

Introduction 
Colistin (polymyxin E), a cationic antimicrobial peptide produced by Bacillus polymyxa subsp. Colistinus. This antibiotic 
is used in Canada for the oral therapy of intestinal infections in pigs, particularly those caused by E. coli. Colistin is used 
clinically in the form of its water-soluble colistin sulphate (CS) (Chauvin, Beloeil, Orand, Sanders, & Madec, 2002). In pigs 
receiving therapeutic doses by the oral route, it was found that CS was poorly absorbed, plasma concentrations being less 
than the lower limit of quantitation (0.250 μg/mL) of high-pressure liquid chromatography (Guyonnet et al., 2010). 

The objective of the present study was to develop an analytical technique with high sensitivity for monitoring plasma con-
centrations of CS following oral administration, and to determine the effect of experimental infection with enterotoxigenic 
E. coli (ETEC):F4 (K88) on CS absorption level. And we also determined the effect of an oral dose of colistin (50.000 UI/
kg), on the level of fecal shedding of total E. coli and of ETEC: F4 (K88).

Materials and methods
1. Animals

Fourteen clinically healthy piglets, 21 days of age at the beginning of experimentation, selected for the presence of F4 gene 
by PCR-RLFP were used in this study. Each pig was individually housed in a pen, fed a standard non-medicated ration for 
post-weaning pigs and received water ad libitum. Piglets were weighed at the beginning and end of the experiments. The 
temperature was kept at 24–26°C. Animals were allowed to acclimatize for 2 days before beginning of experiments.

2. Jugular catheterization of pigs and blood sampling
After the 2 days of acclimatization (23 d old), animals were restrained on a V-shaped table, and a catheter was inserted 
over the wire guide in the jugular vein as previously described (Matte, 1999). Blood samples (3mL) from the catheter were 
collected into EDTA tube, from one day after catheter placement (24 d old) until animal’s euthanasia (32 d old). After CS 
oral administration (30 d old), blood samples (3mL) were collected, 30 min and 1, 2, 4, 6, 8, 12, 24, 36 and 48h following 
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CS administration. These samples were used to determine CS plasma concentrations by LC-MS/MS.
3. Experimental infection, antibiotic administration and health status

The challenge strain for experimental infection of pigs, was a nalidixic acid-resistant (Nalr) variant of ETEC F4 strain 
ECL8559 (0149:LT: STa: STb: East1: paa: hemβ: F4), as previously described (Daudelin et al., 2011). At 27 days of age, 7 
pigs were each orally challenged with 5 mL of trypticase soy broth containing 109 CFU of the ETEC F4 challenge strain 
following the administration of 10 mL CaCO3. At 30 days of age, each pig of the two groups of piglets received a single oral 
dose of colistin sulfate (50.000 IU/kg). Clinical examination included observation of fecal consistency, behavioural distur-
bances and presence of cyanosis.  The severity of diarrhea was quantified by using a fecal consistency scoring (0, normal; 1, 
soft feces; 2, mild diarrhea; and 3, severe diarrhea).  

4. Analytical methods
A high performance liquid chromatography tandem mass spectrometry (LC-MS/MS) was used for CS quantification in 
plasma following an oral administration. The HPLC system was a Perkin–Elmer liquid chromatography apparatus (Series 
200, Boston, MA), and the spectrometry system used was an API 2000 QTRAP (AB-Sciex, Concord, Canada). CS was ex-
tracted from pig’s plasma by using a protein precipitation method. The lower limits of quantitation (LLOQ) of the method 
were 20 ng/mL of plasma. Chromatographic separation and the mass spectrometry detection were derived and optimized 
based on (Ma, Wang, Gerber, & Milne, 2008).

5. Microbiological analysis of fecal samples
Faecal samples were collected before challenge and 24, 48, 72, 84, 96, 108, 120 h post challenge. These samples were used to 
examine the presence of the challenge strain ETEC: F4 strain and total E. coli population. A quantity of 10 g of fecal sam-
ples was diluted 10-fold in peptone water and selected dilutions were plated on to Petrifilm E. coli/Coliform count plates, 
and 5% bovine blood agar plates, containing nalidixic acid, for counting of the total E. coli population and the haemolytic 
challenge ETEC F4 strain respectively. The plates were incubated aerobically for 24 h at 37°C.

Results
1. Quantification of plasmatic colistin sulfate concentration 

For the two treated groups 
(infected and not infected), in 
all samples, the plasma con-
centration of CS was less than 
the lower limit of quantitation 
(20ng/mL). In the non-infect-
ed treated group the concen-
tration of CS was greater than 
the limit of detection (LOD) 
after 30 minutes of CS admin-
istration but less than LLOQ 
(Figure 1). However, in the 
non-infected treated group, at 
all sampling times, the con-
centration of CS was less than 
the LOD (figure 2).

Figure 1: LC-MS/MS mass chromatogram of a typical sample from the non-infected 
group at 30 min following CS administration. Plasmatic concentrations of CS were above 
the limit of detection but significantly less than the limit of quantitation (20ng/mL). CS 
was not detected at other time points.
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2. Analysis of Bacterial Shedding and Clinical Scoring of Diarrhea
None of the animals showed 
clinical diarrhea or had to be 
removed from the experiment 
due to illness. However, one 
animal in the infected treat-
ment group was not used due 
to poor feed intake, and was 
consequently removed from 
the experiment. The mean 
number of ETEC: F4 colonies 
recovered from the faeces of 
the 6 experimentally challenged 
treatment pigs is shown in Fig-
ure 3. Experimental challenge 
was performed at 0 hour, and 
treatment with CS was carried 
out at 72h post challenge. The 
administration of a single oral 
dose of CS reduced mean fecal 
ETEC F4 counts during the 
next day following treatment; 
with a maximum effect at 24h 
post-treatment (96h post chal-
lenge). Nevertheless, the mean 
count following treatment was 
not significantly lower than 
the of baseline values (72h post challenge). At 24h post treatment, the fecal ETEC F4 numbers were increased to regain 
baseline values (Figure 3). In both treated groups, that is in challenged and non- challenged animals, total E. coli counts 
demonstrated the same trend of decline as observed for ETEC F4 (i.e maximum effect was observed at 24h post-treatment 
(96h post challenge). The highest mean diarrhea score of the challenged-treated groups was observed at 72h post challenge. 
After CS treatment, there was a tendency for score of diarrhea to decrease, with a maximum effect observed at 48h post 
treatment (120 h post challenge). 

Figure 3: Evolution of the fecal ETEC F4 count (means, and standard deviation). Experimental inoculation was performed 
at 0 hour, and treatment with CS was carried out at 72 hours post challenge. Maximum effect of CS was observed at 24h 
post-treatment (96h post challenge).

Discussion
To the best of our knowledge, non other experimental studies focussing on CS systemic residues in pigs using LC-MS/MS 
as an analytic method. In our study, healthy pigs showed a very small level of systemic CS at 30 minutes after its oral ad-
ministration, and these quantities were lower then the LLOQ. Thus, the absence of CS absorption in healthy pig after oral 
administration despite the use of a sensitive analytic method (LOQ=20 mg/ml), confirms the reports of previous workers 

Figure 2: LC-MS/MS mass chromatogram of a typical sample from the infected group at 
30 min following CS administration. Plasmatic concentrations of CS were less than the 
limit of detection. Furthermore, CS was not detected at other time points.
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who demonstrated that colistin was poorly absorbed and systemic residue levels were usually undetectable (Guyonnet et 
al., 2010). In challenged treated group, CS systemic concentrations were not detected in any of the samples analyzed. These 
results differ from those of studies that have shown that infectious gastroenteritis increases gut permeability, and inflam-
mation appears to act via mast cells, to an increase intestinal permeability (Camilleri, Madsen, Spiller, Greenwood-Van 
Meerveld, & Verne, 2012). In our study, the enterotoxins produced by the ETEC: F4 strain cause secretion of water and 
electrolytes leading to diarrhea with few microscopic lesions (Fairbrother & Gyles, 2012).Thus, diarrhea and the effect of 
enterotoxins may explain the non detection of CS systemic concentration. Our study showed that antibacterial effect of CS 
in bacterial shedding was most important in the 24-h post treatment period, beyond this range, its antimicrobial activity 
being absent. Thereby, one dose per day of CS is ineffective to produce significant dimunition of bacteria counts. 

Conclusion
For the first time, a study of some CS pharmacokinetics parameters with a highly sensitive method showed that CS levels 
are not detectable in the systemic circulation following oral administration in pigs, and concurrent oral challenge with an 
ETEC F4 strain did not affect CS absorption. A single dose of CS resulted in reduced bacterial counts of the total E. coli 
and ETEC: F4 populations in the feces. Further studies are needed to evaluate the effect of CS on E.coli populations and 
potential antimicrobial resistance.
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Abstract
The prevalence of antimicrobial resistant bacteria has been increasingly monitored in animals in order to prevent the spread 
of these strains through the food supply chain. Particularly, the emergence of vancomycin-resistant Enterococcus and 
Extended-spectrum beta-lactamases (ESBL) producing Enterobacteriaceae has been investigated worldwide. In the current 
study, the frequency of antimicrobial resistance of generic Escherichia coli and Enterococcus isolated from swine carcasses 
sampled at the pre-chill stage was assessed. A total of 319 strains of E. coli and 240 strains of Enterococcus sp. from carcasses 
sampled in three Brazilian slaughterhouses were tested by the agar diffusion test, according to the guidelines of Clinical and 
Laboratory Standards Institute. Escherichia coli strains showed high frequency of resistance against tetracycline (79.3%), 
ampicillin (64.3%), sulfonamide and florfenicol (64.9%). Five isolates were resistant to either cefotaxime or ceftazidime, but 
only one of them displayed a positive result in the confirmatory phenotypic test recommended by CLSI. The five isolates 
were subjected to PCR for detection of blaTEM and blaPSE genes and three strains presented amplification for blaTEM. The 
most prevalent resistance profiles found among Enterococcus strains were tetracycline (42.5%), erythromycin (26.7%) and 
high level streptomycin (HLAR, 20.4%). All isolates were susceptible to vancomycin, teicoplanin and ampicillin. Minimum 
inhibitory concentration (MIC) was determined for resistant and intermediate erythromycin Enterococcus strains. The 
determined MIC ranged from 1 µg/mL to 4 µg/mL for erythromycin intermediate strains, while among the resistant strains 
it ranged from 6 µg/mL to >256 µg/mL. The results indicate that vancomycin-resistant Enterococcus isolates are not prevalent 
in pig carcasses; however ESBL producing E. coli may be present.

Introduction
Monitoring of antimicrobial resistance in pathogenic or commensal bacteria is essential to evaluate the risk of antimicrobial 
resistance genes spread through the food supply chain. Resistant bacteria present on carcasses that were able to surpass the 
food processing hurdles, may colonize the consumer’s gastrointestinal tract (Apley, 2001). In particular, extended-spectrum 
β-lactamases (ESBL) resistant bacteria and vancomycin-resistant Enterococcus have been investigated worldwide, due to its 
importance for human therapy. Therefore, the aim of this study was to investigate the frequency of antimicrobial resistance 
in Escherichia coli and Enterococcus sp. isolated from pig carcasses sampled at the pre-chill stage.

Material and Methods
Two sampling cycles were conducted in three slaughterhouses located in the state of Santa Catarina, Brazil. A total of 252 
pre-chill carcasses were sampled by rubbing individual sterile sponges (Nasco ®) on a 400 cm²-carcass area (Brazil, 2007). 
After the addition of 40 ml of Buffered Peptone Water (BPW 0.1%) to each sample, aliquots were transferred to Violet 
Red Bile Agar (Oxoid Brazil Ltda.) and KF Streptococcus Agar (Bento, Dickson & Company) for isolation of E. coli and 
Enterococcus sp., respectively. After incubation (37ºC/48h) typical colonies were identified according to Quinn et al. (2011). 
The Enterococcus genus was confirmed by amplification of tuf gene (Ke et al., 1999) and the identification of E. faecalis was 
performed by amplification of ddlE.faecalis gene (Dutka-Malen et al. 1995).
The isolates were tested for antimicrobial resistance by disk-diffusion test in Müller-Hinton Agar (Oxoid), performed and 
interpreted according to “Clinical and Laboratory Standards Institute”, document M100-S22 and M31-A2 (CLSI, 2008; 
2012). Escherichia coli strains were tested using disks (Oxoid) of the following antimicrobials: ampicillin (10μg), ceftazidime 
(30μg), cefotaxime (30μg), gentamicin (10μg), florfenicol (30μg), nalidixic acid (30μg) tetracycline (30μg) and sulfonamide 
(300μg). Resistant strains to cefotaxime and/or ceftazidime were confirmed phenotypically for ESBL resistance, using 
disks of cefotaxime and ceftazidime alone and in combination with clavulanic acid (CLSI, 2012).  Additionally, genotypic 
confirmation was conducted by PCR-detection of genes blaTEM and blaPSE (Sandvang et al. 2002). The Enterococcus isolates 
were tested against: ampicillin (10μg), ciprofloxacin (5μg), chloramphenicol (30μg), erythromycin (15μ), teicoplanin 
(30μg), tetracycline (30μg), vancomycin (30μg), streptomycin (300μg) and gentamicin (120μg). For isolates displaying 
erythromycin intermediate and resistant profiles, the minimum inhibitory concentration (MIC) was determined, using the 
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Etest® (BioMerieux). The frequency of E.coli and Enterococcus resistant strains among slaughterhouses was compared by chi-
square, using the software SPSS 1.8 with a confidence level of 95%.

Results
From 319 tested E. coli strains, 12.8% were susceptible to all antimicrobials. The highest frequency of resistance was found 
against tetracycline (79.3%), sulfonamide, florfenicol (64.9%), and ampicillin (64.3%) (Table 1). Five strains were resistant or 
intermediate to cefotaxime or ceftazidime (screening test), but only one of them was confirmed in the ESBL phenotypic test. 
However, three strains were positive in the PCR for blaTEM gene. No strain showed amplification for blaPSE gene. 

All the 240 typical colonies were confirmed by PCR as belonging to Enterococcus genus. From them, 217 (90.8%) were 
identified as E. faecalis by PCR. All isolates were susceptible to glycopeptides and ampicillin. The frequency of resistant 
strains against the tested antimicrobial is depicted in Table 2. Among the seventy-four erythromycin-intermediate strains, 
two had borderline MIC (4 µg/mL) while the other strains presented MIC between 1 µg/mL and 3 µg/mL. Among the sixty-
four resistant strains only six presented MIC between 6 and 64 µg/mL, and 58 presented MIC ≥ 256 µg/mL.

Discussion
Tetracycline resistance was the most frequent in both E. coli and Enterococcus isolated from all slaughterhouses included 
in this study. In Brazil, tetracycline resistance is widespread in Salmonella enterica isolated from pigs as demonstrated in 
previous studies (Bessa et al., 2004; Mürmann et al., 2009). Since all the three bacteria species colonize the intestine, they may 
be exposed to the same selection pressure exerted by the antimicrobial administration. Regarding E. coli, those tetracycline-
resistant strains presented resistance to sulfonamides and ampicillin as well, suggesting that genes the resistance may be 
located in mobile elements (Thorsteinsdottir et al., 2010). In our study this association was also observed in most E. coli 
strains tested, although the use of those antimicrobials as growth promoter has been banned since 1998 (Brasil, 2009). 
However, those antimicrobials are still used for treatment of highly prevalent respiratory and enteric diseases of swine. In this 
sense, the therapeutic use may have contributed to keep the selective pressure on bacterial population.

The frequency of antimicrobial use influences directly the selection of resistant strains (Wang et al., 2010); therefore variations 
in the protocol of their administration may justify differences in resistance profiles detected among the slaughterhouses. In 
Brazil, the pork supply chain is typically organized in a vertical integration system between large companies and small 
farms. Companies supply medicines and give technical assistance to the farmers and later on transport the market pigs to 
their own slaughterhouses. The large variation among slaughterhouses in the frequency of resistance against florfenicol 
and aminoglycosides in E.coli and Enterococcus strains, respectively, may illustrate the difference in treatment protocols. 
Specifically the increasing therapeutic use of florfenicol that has occurred in the last years may have contributed for the high 
percentage of resistant and intermediate strains observed.

Studies conducted in other countries demonstrated ESBL-resistant E. coli strains in feces of healthy pigs (Geser et al., 2011), 
pointing out the risk for carcass contamination. In our study, a low number of ESBL-resistant E.coli isolates was observed, 
indicating that this resistance phenotype is still not highly widespread in the region. Among five resistant strains, one was 
phenotypically confirmed, and three carried the blaTEM gene, demonstrating that they were potentially ESBL producers. In 
spite of the low frequency, the presence of ESBL-resistant strains in pigs highlights that further studies should be conducted 
to determine the prevalence and distribution of these strains.    

In this study, we included the genus Enterococcus, because of its importance as a reservoir of resistance genes against 
antimicrobials used for treatment of Gram-positive bacteria (Dzidic et al., 2008). In this regard, the reported the increase 
of vancomycin-resistant enterococci in animals have led to the ban of avorparcin administration to pigs in many countries. 
In Brazil, avoparcin had not been widely administered to pigs up until 1998, when its use was prohibited (Brasil, 1998). 
Therefore, the absence of resistant strains against glycopeptides was expected. Similar results have been reported in a nation-
wide monitoring program of poultry carcasses at retail level, where less than 1% of the Enterococcus strains were resistant to 
vancomycin and teicoplanin (ANVISA, 2008).      

On the other hand, the high frequency of erythromycin-resistant strains and the high MIC-levels (≥ 256 µg/mL) found is 
a matter of concern, since erm genes confer cross-resistance to the entire macrolide-lincosamides-streptogramins (MLSB) 
group, which constitute an important alternative for human treatment (Emanieni et al., 2008). Considering that studies 
demonstrated that common clones can colonize pigs and humans (Larsen et al., 2011), the widespread of resistant E. faecalis 
strains may constitute a hazard to public health. Recently the use of erythromycin as growth promoter has been banned in 
Brazil (Brazil, 2012), in order to avoid the selection of resistant strains. Nevertheless, erythromycin-resistance pattern should 
be kept under monitoring.   
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Conclusion
The results indicate that vancomycin-resistant Enterococcus isolates were not prevalent in pig carcasses; however ESBL 
producing E. coli may be present.
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Table 1 - Frequency of antimicrobial resistance in Escherichia coli isolated from pre-chill pig carcasses from three 
slaughterhouses (A, B, C) of Santa Catarina, Brazil.

A (n = 102) B (n = 122) C (n = 95) A, B, C (n = 319)
P value

R (%) I (%) R (%) I (%) R (%) I (%) R (%) I (%)
Ampicillin 71.57 1.96 65.57 10.65 54.74 11.58 64.26 8.15 0.023
Cefotaxime - 0.98 1.64 - 1.05 - 0.94 0.31 0.443
Ceftazime - - 1.64 - - - 0.62 - 0.197
Florfenicol 87.25 11.76 60.65 29.51 46.31 37.89 64.89 26.33 <0.001
Gentamicin 5.88 2.94 6.55 7.37 9.47 3.16 7.21 4.7 0.382
Nalidixic acid 75.49 0.98 48.36 4.1 50.53 5.26 57.68 3.44 <0.001
Sulfonamide 81.37 - 50.82 0.82 65.26 - 64.89 4.07 <0.001
Tetracycline 93.14 - 69.67 0.82 76.84 - 79.31 0.31 <0.001

Table 2 - Frequency of antimicrobial resistant Enterococcus isolated from pre-chill pig carcasses from three slaughterhouses 
(A, B, C) of Santa Catarina, Brazil.

A ( n = 84) B ( n = 74) C (n = 82) A, B, C (n = 240)

P valueR (%) I (%) R (%) I (%) R (%) I (%) R (%) I (%)
Ciprofloxacin 3.6 13.1 17.6 9.5 20.7 8.5 13.8 10.4 0.018
Cloramphenicol 27.4 3.6 2.7 1.4 4.9 2.4 12.1 2.5 <0.001
Erythromycin 41.7 42.9 10.8 20.2 25.6 25.6 26.7 30.8 <0.001
Gentamicin (HLAR) 17.9 - 2.7 - 9.8 - 10.4 - 0.008
Streptomycin (HLAR) 34.5 - 6.8 - 18.3 - 20.4 - <0.001
Tetracycline 45.2 - 48.6 2.7 34.1 2.4 42.5 1.7 0.209
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Abstract
A novel quality assurance approach was tested for its applicability to assess data validity and meat inspection performance 
by means of modeling and training of official meat inspectors (OMIs). General linear mixed models (GLMM) were used 
to estimate the variance in 20 selected lesions assessed by 12 official meat inspectors for 247.507.pigs. The pigs originated 
from 72 conventional farms and were slaughtered at one abattoir in Austria in the period January 2008 to June 2011. The 
heterogeneity in the health state of the pigs, variation due to the farms of origin, piglet producer, quarter and medication 
was considered in the statistical model. Based on the model meat inspection showed hardly any variation for post-mortem 
findings such as pericarditis, arthritis and milkspots, whereas meat inspection of blood aspiration, scalding water lungs, 
skin lesions and hepatitis can be deemed as not sufficiently standardized. Training of OMIs resulted in better detection 
rates of blood aspiration and pleurisy, but not in the detection of skin lesions related to slaughter technology and animal 
welfare. Grading of pneumonia has to be further improved in future training sessions. An improved data record system was 
established based on the outcome of the model and training of OMIs. In future research the benefit of the new code system 
and training effect to standardize meat inspection will be assessed in form of statistical re-evaluations.

Introduction
In order to revise meat inspection towards the introduction of a risked-based approach, information feedback systems 
have been established throughout Europe, legally required by European Commission regulations (EC) 854/2004 and (EC) 
2074/2005 to grant safety along the production chain. It became mandatory for official meat inspectors (OMI) to record 
slaughter lesion data, and provide information about the predominant diseases affecting finishing pigs from the slaughter 
house to the pig producer and farm veterinarian, thus assist in monitoring disease in national herds. Although the variabil-
ity in scoring lesions among OMIs is believed to be a major contributor to variability in lesion prevalence among slaugh-
ter prevalence in monitoring programs, hardly anyone has questioned the quality of data recorded in such databanks for 
reporting.

In Austria a novel quality assurance (QA) approach was evaluated for its applicability to assess data validity and meat 
inspection performance by means of modeling and training of OMIs. As described in Schleicher et al. (2013) statistical 
models were fitted to estimate the probabilities of a positive finding.

Furthermore, the amount of variation among these probabilities that contribute to the OMIs was determined by calculating 
variance partitioning coefficients (VPCs). Primary aim was to assess those lesions with the highest variability among OMIs 
for further training and to assess practically at the slaughter plant the feasibility of the model as training base.

Material and Methods
Study population
The population under study comprised all conventional pigs from 72 farms located in the province of Styria, Austria, that 
were slaughtered in the period January 2008 to June 2011. Farms included 21 (29.2%) fattening farms and 51 (70.8%) farms 
with “farrow to finish units”. Herd size ranged from 70 to 2025 finishing pigs. All farms participating in the study had no 
“all in/all out” management. Each farm sent batches of finishing pigs to slaughter according to growth performance. Ad-
ditionally, only farms which sent more than 400 pigs to slaughter in the study period were included in the study. A total of 
247.507 pigs were examined.

Meat inspection and Data recording
The study was conducted at one slaughter plant located in the province of Styria, Austria, slaughtering approximately 2000 
– 2300 pigs per week. Finishing pigs were sent to slaughter with about 115 – 120 kg (253.5 – 264.6 lb). The abattoir killed 
about 115 -120 pigs per hour and used carbon dioxide stunning followed by conventional sticking with the animals lying 
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on the side. At the slaughterhouse post-mortem data were recorded by a total of 12 official meat inspectors (OMI) with 
11-19 years of experience in meat inspection. Each veterinarian was registered under a certain “vetcode” in the system of 
the slaughterhouse. Along the pluck- and carcass line the veterinarian was able to select post-mortem findings on a touch 
screen out of 55 pre-defined parameters. In the study focus was laid on 20 lesions according to their frequency and animal 
health significance from the abattoir company’s database. The parameters were assessed for their validity, thus quality in 
post-mortem feedback-information systems.

Statistical analysis
General linear mixed models (GLMM) were used to estimate the variability due to the OMIs for each of the 20 selected 
lesions as described in Schleicher et al. (2013). The heterogeneity in the health state of the pigs, the variation due to farms 
of origin, piglet producer, quarter and medication (PCV2 vaccination, deworming, scabies treatment) were considered in 
the statistical models. For each lesion the amount of dispersion among OMIs and the farm of origin were quantified in the 
model using Variance Partitioning Coefficients (VPCs). Special care was taken that a balanced sample was given for the 
models. Each of the 12 OMIs examined more than 6.000 plucks and more than 7.000 carcasses. The latter ensured that each 
OMI inspected plucks and carcasses of at least 51 out of 72 farms, and that pigs originating from one farm were examined 
by at least 7 OMIs. The models were implemented in R (version 2.14.2) using the package lme4.

Training of veterinarians in meat inspection
Eleven of the twelve OMIs participated in the practical training. Each of the OMIs had to examine 12 preselected carcasses 
and plucks within 12 minutes. They were asked to record lesions out of a list of 14 pre-defined pathological abnormalities, 
namely: mild, moderate and severe forms of pneumonia, pleuritis visceralis, blood aspiration, scalding water lungs, peri-
carditis, milkspots, perihepatitis, hepatitis, skin lesion related to a) slaughter technology b) infectious agent and c) animal 
welfare, scabies, pleuritis parietalis and arthritis. Precise definitions and guidelines were given beforehand. Additionally, the 
OMIs were asked to record multiple lesions, not only the most predominant one. Subsequently, a photo documentation of 
each lesion was completed.

Results
In the study period January 2008 to June 2011 247.507 pigs were examined by 12 OMIs. In total about 70% of the plucks 
and approximately 40-50% of the carcasses were recorded with lesions. A detailed list on slaughter statistics is given in 
Table 1.

The abattoir com-
pany’s database was 
screened and finally 
20 lesions, namely 18 
pathological abnor-
malities and 2 find-
ings related to slaugh-
ter technology chosen 
for further evaluation 
according to their rel-
ative frequency (Table 
2) and animal health 
significance.

Table. 1 Number of pigs [%] slaughtered in the study period and number [%] of plucks, 
carcasses and number of pigs (carcass + pluck) recorded without lesion. 

criteria
2008 2009 2010 2011*

number [%]
Pigs total 56.760 [22.9] 68.013 [27.5] 74.890 [30.3] 47.842 [19.3]
Pigs (fattening1) 18.348 [ 7.4] 21.713 [ 8.8] 26.673 [10.8] 16.045 [ 6.5]
Pigs (farrow2) 38.412 [15.5] 46.300 [18.7] 48.217 [19.5] 31.797 [12.8]
Plucks (P) no lesion 16.089 [28.3] 20.267 [29.8] 23.541 [31.4] 13.770 [28.8]
Carcasses (C) no lesion 27.191 [47.9] 33.318 [49 ] 42.822 [57.2] 28.271 [59.1]
C + P no lesion 8.984 [15.8] 11.672 [17.2] 15.759 [21 ] 9.397 9.6]

1originating from fattening farms  2originating from farms with farrow to finish units    
*6months
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Range of relative fre-
quencies in lesions was 
found highest for blood 
aspiration, followed by 
scalding water, hepatitis, 
bursitis and skin lesion. 
The most frequent lesion 
was bursitis in carcasses 
(13.8%) and pneumonia 
(+/++/+++) in plucks 
(30.4%). However, a sim-
ple descriptive analysis 
will not allow a distinc-
tion between lesion 
variability due to farm/
herd management and/
or OMI performance. 
Therefore, a statistical 
analysis (GLMM) was 
conducted to estimate 
the influence of OMI and 
farm on each of the 20 lesions and to determine the level of standardization and homogeneity in meat inspection 
as an indicator for data quality. The results of the models include fixed effects (influence of quarterly time effect, 
farm type and piglet producer). Largest variance among OMIs (VPC estimates) was given for the finding skin 
lesion (3.9-20.8%), followed by blood aspiration (8.2-19.8%) and hepatitis (2.9-18.9%). A negligible amount of 
variation was determined concerning pericarditis (0 – 0.1%), peritonitis (0-0.6%) and arthritis (0-0.4%). Particu-
larly large variation on farm level was shown concerning milkspots. Subsequent analysis of the raw data revealed 
that the pigs from 2 of the considered piglet producers showed a noticeably larger risk for severe milkspots (>3). 
Training of the OMIs improved the detection rate of blood aspiration (90.9-100%) and pleuritis visceralis (63.6-
90.9%). However, hardly any improvement was given for the detection of skin lesions. Localization and severity 
of the skin lesions affected highly the detection rate of the OMIs (18.2-100%). In addition, a certain disagreement 
in recording multiple lesions was noted between OMIs. The performance among meat inspectors to assess dif-
ferent forms of pneumonia were found acceptable, but need to be further improved. Lowest variability was given 
for pneumonia +++, which was found consistent with the model.

Discussion
Meat inspection might be considered standardized and homogeneous if the probability of a specific post-mor-
tem finding is independent of the OMI carrying out the examination. Emphasis was laid to establish a model 
fitted for real work conditions. In contrast to trial designs no repeated measurements or reference standards were 
available. Focus of the work was not the estimation of the rater’s sensitivity and specifity, but rather the analysis 
of the variation of the probabilities of a finding between different OMIs. It was considered essential in the model 
to take the variation between farms and seasonal effects into account to reduce the influence of the heterogeneity 
in the health state of pigs. Otherwise, the model fit might be poor, in particular for infrequent findings with low 
relative frequency (e.g. scabies). Findings for which there were different levels of gradation to choose from (i.e. 
pneumonia).typically exhibited larger variation among OMIs. In general good cooperation between trainer and 
OMIs was given. OMIs, who participated in the study, voluntarily gave feedback on how to improve the abattoirs’ 
data recording system.

Table. 2 Overview on the total relative frequency (r.f., %) assessed by 12 OMIs and 
range of r.f. (min.—max.) for each OMI for 20 selected lesions over the full study 
period (01/08 – 06/11).
Carcass % Pluck %
finding r.f. (%) min.-max. finding r.f. (%) min.-max. 
bursitis 13,8 4.9-27.1 pneumonia + 13,8 3.2-26.8
arthritis 0,6 0.2-1.4 pneumonia ++ 11,9 4.8-23.5
scabies 0,5 0-6,3 pneumonia +++ 4,7 1.5-16.2
skin lesion 8,6 0-19,8 pleuritis visc. 14,1 4.9-22.2
pleuritis + 7,3 3.6-13.2 blood aspiration 17,7 1.2-41.5
pleuritis ++ 8,3 3,9-12 scalding water 12,9 2.1-35.2
abscess 1,5 0.3-3.0 lung adhesion carcass 0,5 0.1-0.9
peritonitis 0,1 0-0,5 pericarditis 3,1 2.5-3.9

milk spots ≤3 2,5 1.0-3.9
milk spots >3 4,7 2.0-10.1
hepatitis 8,3 0.9-29.1
perihepatitis 2,7 0.9-6.1
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Conclusion
Inspection of pigs at slaughter has been widely used in epidemiological studies of risk factors associated with 
raised prevalence of lesions. However, the prevalence of lesions recorded in databanks must be based on valid 
data and reflect a certain consistency in data recording of OMIs to establish a functional post-mortem feedback 
information system. The statistical model (GLMM) was found an essential and helpful tool to estimate on the 
one hand the amount of variation in post-mortem findings that can be accredited to the OMI and on the other 
hand as a training base for OMIs. As a consequence of the statistical analysis and training of OMIs an improved 
code record system will be established in the abattoir. Focus was laid to assess fewer findings, but with high 
animal health significance in the future. Precise guidelines and definitions on each lesion were provided for 
the OMIs in cooperation with the veterinary section of the local government. Frequent training sessions and a 
re-evaluation of the OMIs’ performance might be considered in the future to standardize meat inspection on the 
long term.
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Abstract
The objectives of this study were to investigate Salmonella carriage at each stage of pig production (farrow to finish) on 
10 commercial pig farms having a historically high Salmonella seroprevalence and to establish the role of feed as a source 
of Salmonella on the farms. Pig faecal (n=458) and feed (n=321) samples were taken across all pig production stages and 
analysed for the presence of Salmonella.  The pathogen was detected in pigs on nine farms, in 58/458 (12.7%) faecal samples, 
with a high prevalence among gilts, weaners and finishers. Only 7/321 (2%) of feed samples were Salmonella-positive, with 
four farms having at least one Salmonella-positive feed sample. The serovar recovered (4, 12:i:-)  was also detected in pigs 
on the same farms, suggesting that it may have originated in the feed supplied to the farm.  On the other hand, the feed may 
have been contaminated on the farm and in this way played a role in transmission of Salmonella.

Introduction
Salmonella carriage in pigs is a significant food safety issue. The European Food Safety Authority has highlighted that feed is 
a risk factor for Salmonella prevalence in pigs (EFSA, 2008a). The presence of Salmonella in feed can lead to the introduction 
of Salmonella into pathogen-free herds, an increase in shedding prevalence and the spread of Salmonella in pigs (EFSA, 
2007). A study by Molla et al. (2010) showed genotypically related and in some cases clonal Salmonella strains including 
multidrug resistant isolates in commercially processed pig feed and pig faecal samples. 

A revised National Pig Salmonella Control Programme was implemented in Ireland in January 2010, with monitoring based 
on determining the Salmonella status of pig herds by serological testing of meat juice at slaughter. However, a recent study 
has shown that 45% of pigs presented for slaughter in Ireland are caecally positive (Duggan et al., 2010). Furthermore, Ireland 
had the highest carcass contamination rate (20%) in a 2006-2007 EU baseline survey of Salmonella in slaughter pigs (EFSA, 
2008b). In a ‘Farm to Fork’ food safety concept, safe feed is the first step in ensuring safe food. Therefore, the aim of this 
study was to carry out an in-depth study on 10 commercial pig farms having a historically high Salmonella seroprevalence to 
firstly identify which production stages are the principal harbours of Salmonella infection in pigs and secondly, to assess the 
occurrence of Salmonella in pig feed throughout the different production stages on these farms and thereby assess potential 
risks as well as epidemiological relationships.

Material and Methods
On-farm sampling
The number of farms studied and the number of samples taken were in accordance with statistical advice. Farms (n=10) 
identified for sampling were selected from those with a history of high (>50%) Salmonella sero-prevalence in the Department 
of Agriculture, Food and the Marine Irish Pig Salmonella Control Programme. On-farm sampling was carried out from 
March-August 2012 with each farm being visited on one occasion between these dates. On each farm, a number of composite 
faecal samples were collected at random from at least 3 pigs per production stage, directly from the rectum via digital 
stimulation or from freshly voided faeces. For all stages of production, where insufficient faecal samples were obtained, 
sterile pairs of gauze socks were used to swab the pen. Feed samples (50-100g) which included liquid and pelleted dry feed, 
depending on the farm and production stage were taken from troughs, hoppers and storage areas (feed bins, feed tanks) on 
the farms. After collection, all samples were immediately transported on ice to the laboratory, where they were stored at 4˚C 
until analysis (within 24 h).

Microbiological analysis of samples
The presence/absence of Salmonella in 10g samples was determined according to standard microbiological procedures (EN 
ISO 6579:2008) with modified brilliant green agar (Oxoid, Basingstoke, Hampshire, UK) used for additional selective plating. 
Presumptive Salmonella isolates were tested using a Salmonella latex agglutination kit (Oxoid) and confirmed as Salmonella 
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using real-time PCR (Prendergast et al., 2012; McCabe et al., 2011; Fricker et al., 2007). One Salmonella isolate per positive 
sample was serotyped based on O- and H-group antigens according to the White-Kaufmann- Le Minor scheme.

Results
Salmonella was detected in 58/458 (12.7%) faecal samples across all production stages on 9 farms (Table 1) with an overall 
prevalence of 10% (95% confidence interval). Only farm H had no Salmonella-positive faecal samples. Six different serotypes 
were recovered, with a monophasic variant of Typhimurium (4,12:i:-) predominating, accounting for 40.9% (18/44) of all 
isolates recovered. The other serotypes recovered were Derby (18.2%; 8/44), Typhimurium (18.2%; 8/44), Typhimurium 
Copenhagen (11.4%; 5/44), Infantis (9.1%; 4/44), and 4,5,12:i:- (2.3%; 1/44), each from one herd. There was no consistent 
pattern of infection; however, large numbers of positive animals were detected within gilts, weaners and finishers (16.7, 
15.3, 16.7 and 16.7% respectively). Three farms (A, E and G) had notably higher prevalence than the other farms (22.9, 24.4 
and 17.1% respectively). Only 7/321 (2%) feed 
samples taken across all production stages were 
Salmonella-positive (Table 2). These Salmonella-
positive feed samples originated on four farms 
(A, B, F and G) and the Salmonella isolated from 
them were identified as 4,12:i:-, Typhimurium and 
Typhimurium Copenhagen. Three of the positive 
feed samples originated on farms using liquid 
feed (farms A and F). The Salmonella-positive 
feed samples were generally recovered at only one 
stage of production, although on farms A and B 
they were found at two stages (farrowing and 2nd 
stage weaner on farm A; and 1st stage weaner and 
finisher on farm B). Feed sampled from gilts had 
the highest Salmonella prevalence (Table 2).

Discussion
Salmonella was recovered from the pigs on 9 of 
10 commercial farms. This was to be expected, as 
all had been chosen from those with a history of 
high Salmonella seroprevalence. The Salmonella 
4,12:i:- variant that predominated in the pigs is 
one of a number of monophasic variants of the 
serovar Typhimurium, that have been emerging in 
Europe and are of increasing food safety concern 
(EFSA, 2010). The lack of recovery of Salmonella 
from any production stage on one of the farms 
may be accounted for by the fact that this farm 
had low seroprevalence during the study period, 
highlighting the cyclical nature of Salmonella 
contamination on farms (White et al., 2006). 
Of the three farms with the highest Salmonella 
prevalence, only one had high seroprevalence 
during the study period, demonstrating the 
lack of correlation between bacteriological and 
serological data. Across all of the farms large 
numbers of positive animals were detected within 
the gilt, weaner and finisher production stages. 
High carriage rates are commonly seen in weaners 
and finishers (Davies et al., 1999); however, few 
studies have investigated Salmonella carriage from 
farrow to finish. The high prevalence within the 
replacement breeding stock (gilts) indicates that 
these animals may be an important source of on-
farm Salmonella infection and this is of particular 

Table 1: Salmonella prevalence in faecal samples taken from different 
stages of pig production

Number of faecal samples positive for Salmonella

Farm Gilts Dry 
Sow

Farrowing
Sow

1st 
Stage 

Weaner

2nd 
Stage 

Weaner
Finisher Prevalence 

%

A 1/8 0/6 1/8 4/8 5/8 5/10 22.9

B 1/8 1/6 0/8 4/8 2/8 1/10 12.5

C 2/6 0/6 2/6 0/6 0/6 0/8 5.3

D 0/6 1/6 0/8 0/6 0/6 1/8 2.4

E 5/6 2/6 0/8 0/6 0/6 5/8 24.4

F 0/8 0/6 0/8 0/8 1/8 0/10 2.0

G 2/6 0/6 0/8 0/6 3/6 2/8 17.1

H 0/6 0/6 0/6 0/6 0/6 0/6 0.0

I 1/8 0/6 0/8 0/8 0/8 3/10 8.2

J 0/10 0/6 0/12 3/10 1/10 0/24 5.5

Total 12/72 4/60 3/80 11/72 12/72 17/102

Prevalence % 16.7 6.7 3.8 15.3 16.7 16.7 10.0

Table 2: Salmonella prevalence from feed samples from different stages 
of pig production

Number of feed samples positive for Salmonella

Farm Gilts Dry 
Sow

Farrowing
Sow

1st 
Stage 

Weaner

2nd 
Stage 

Weaner
Finisher Prevalence 

%

A 0/3 0/4 1/6 0/6 1/7 0/8 5.9

B 0/6 0/3 0/6 1/9 0/6 1/7 5.4

C 0/1 0/2 0/3 0/5 0/5 0/6 0.0

D 0/2 0/3 0/6 0/4 0/5 0/6 0.0

E 0/3 0/3 0/4 0/5 0/5 0/6 0.0

F 0/4 1/4 0/6 0/8 0/6 0/7 2.9

G 2/3 0/5 0/4 0/6 0/5 0/6 6.9

H 0/0 0/2 0/5 0/4 0/6 0/5 0.0

I 0/4 0/5 0/6 0/7 0/6 0/7 0.0

J 0/7 0/5 0/8 0/11 0/5 0/19 0.0

Total 2/33 1/36 1/54 1/65 1/56 1/77 2.2

Prevalence % 6.1 2.8 1.9 1.5 1.8 1.3
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importance on farms where replacement breeding stock are purchased onto the unit. 

Salmonella prevalence in feed sampled on-farm was low.  However, finding Salmonella in at least one of the feed samples 
tested from almost half of the farms examined could indicate that the organism was quite ubiquitous considering the large 
volume of feed contained on-site and the relatively small portion of feed sampled for testing. However, as all except one of the 
Salmonella-positive feed samples were taken from troughs within the animal pens, the possibility of on-farm contamination 
by the pigs is highly likely. Therefore, we cannot ascertain if the feed is the cause of infection or rather a vector for its 
transmission. However, as the pig faeces harboured the same serovar as the feed from the same production stage on three of 
the farms it is likely that the feed became contaminated by the pigs on-farm.

In order to establish if the Salmonella contamination originated from the purchased feed or if on-farm contamination 
occurred, genetic subtyping using pulsed field gel electrophoresis (PFGE) and multi-locus variable number tandem repeat 
analysis will be used to ascertain if the same Salmonella strains were found in the feed and the pigs. This will provide 
important additional epidemiological information. In addition, sampling of feed and feed ingredients from the commercial 
feed mills supplying our study farms is on-going and will help to further assess the risk posed by Salmonella in pig feed. 
It is interesting to note that three of the seven Salmonella-positive feed samples were from liquid feed systems, as many 
investigators have shown that pig herds fed dry vs. wet diets are at increased risk of having high Salmonella seroprevalence 
(van der Wolf et al., 2001). Overall, the results from the present study indicate that the risk from feed is low with the detection 
of Salmonella-positive pigs on farms with Salmonella-negative feed samples demonstrating that there are multiple sources 
of Salmonella infection on pig farms. The importance of these sources may vary by production stage, farm and over time. 
Although feed could not be singled out as the main source of the Salmonella isolated from the pigs in the present study, it 
nonetheless cannot be ruled out as a risk factor in the transmission of Salmonella and therefore, its control in feed should be 
considered an essential component of any control program.

Conclusion 
Salmonella prevalence in feed samples taken on-farm was low. However, further research is needed to ascertain whether it 
originated in commercial feed supplied to the farms or if its presence in feed was as a result of on-farm contamination.
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