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Keynote lecture

Economic aspects of food borne disease surveillance 
Katharina Stärk , Babo Martins, S. - Royal Veterinary College, London,  and SAFOSO AG, Bern-Liebefeld, Switzerland

The presence of food-borne disease in food systems creates direct and indirect economic impacts. These 
include the losses caused by the negative effects of disease itself when people are ill or die leading to 
reduced productivity, loss of income, and human suffering. In animal populations, similar losses occur when 
animals are ill or die leading to production losses and/or animal welfare issues. To avoid such losses, efforts 
to prevent, control or eradicate disease can be undertaken but in return also generate economic costs. 
Economic analyses in this context investigate how resources are allocated to activities and how to balance 
direct losses against expenditure to reduce the impact of disease.

When considering economic aspects of surveillance, the instant thought is often: “How much does it cost?” 
In order to estimate the costs of surveillance, all activities related to a programme need to be identified and the 
associated costs estimated. This should include costs for tests, farm visits and consumables, but also investments 
in infrastructure such as databases as well as labour costs. Although this may appear to be a relatively straight-
forward exercise, such costs may be difficult to collect in retrospect. For example, if surveillance tasks are only part 
of a person’s job, it may be difficult to allocate exact time and therefore labour costs. Also, some activities may 
be subsidised and costs may therefore not reflect true market value. This is sometimes the case for laboratory 
diagnostics where tests conducted as part of a large programme are not comparable with market costs. Such 
differences also impede comparisons between industries and countries with different pricing policies. 

However, collection of costs is only the first step. A more interesting question could be: “Is it cost-
effective?” This means, are the resources invested such that they provide the effective results. Cost-
effectiveness is normally expressed using ratios of cost per effectiveness outcome, i.e. cost in relation to 
the results of a programme in natural non-monetary units. Therefore, cost-effectiveness can be measured 
in a range of units, including the “information-cost ratio”. The latter describes how much information 
can be obtained per invested amount. Cost-effectiveness largely depends on the design of a surveillance 
programme. There are simple or more complex designs as surveillance systems may consist of one or 
several components, each with their related performance. The performance of a surveillance activity can 
be measured as its sensitivity, if the objective is demonstration of the absence of a hazard or to detect cases. 
It can also be measured as precision if prevalence is estimated or in terms of time to detection, if the main 
objective is early detection. This indicates that such performance indicators are dependent on the objective 
of a surveillance programme. The epidemiological performance can then be combined with the costs. For 
example, it could be calculated how much an increase of the sensitivity of a system by 5% would cost. 
Sometimes, the target effectiveness is pre-fixed, for example by an international standard or by legislation. 
Economic concerns then focus on selecting the least-cost option.

Risk-based surveillance has been promoted as a surveillance design with particularly high cost-
effectiveness. Over time, it has become clear that the advantages of this design depend on the context in 



Safepork 2015 Conference  Epidemiology and control of hazards in pork production chain – SAFEPORK
One health approach under a concept of farm to fork

24 25Control strategies to mitigate foodborne pathogens Control strategies to mitigate foodborne pathogens

which it is applied. For example, it is particularly beneficial if applied in a low-prevalence situation where 
the risk factors for hazard occurrence are very well known. This allows targeting of a specific stratum in the 
population in which the hazard prevalence is expected to be higher. This will impact on the sample size that 
is required to achieve a defined performance level (e.g. probability of detection). However, the collection 
of information on risk factors also comes at a cost. Also, samples may be more expensive if they have to be 
collected from specified individuals or locations. The cost-effectiveness of risk-based surveillance therefore 
cannot be taken for granted and requires ex ante assessment.

The ultimate question to be answered, however, remains the following: “Is it worth it?” Whilst cost-
effectiveness of a programme starts to address this question by exploring whether increments in natural 
non-monetary effects (e.g. sensitivity) occur, this question is commonly intertwined with the interrogation 
of whether quantifiable benefits can be associated to each unit of cost allocated to the surveillance 
programme. A commonly used economic tool to assess the increments in benefits per unit of investment is 
cost-benefit analysis. Unlike cost-effectiveness, it uses monetary units to quantify costs and benefits and it 
has been often used in animal science and veterinary medicine (Babo Martins and Rushton, 2014). 

As described above, the costs are relatively easy to collect. However, the benefits may be more difficult 
to identify. Surveillance is conducted to provide information that is used for decision making in the context 
of animal or public health. If the information is not used in this way or no decisions are taken, surveillance 
has almost no value. This indicates that the benefits of surveillance cannot be assessed in isolation, but need 
to be considered in combination with the related interventions. A model for such economic assessments 
has been proposed by Häsler and colleagues (2011). Benefits of disease mitigation – now consisting of both 
surveillance and intervention – may be direct or indirect, tangible or intangible. A direct benefit would be 
increased productivity if a certain disease is absent. An indirect benefit would be that farmers’ income is 
increased and therefore they can afford better schooling for their children. A tangible benefit could be the 
access to a specific export market that requires freedom from a specific hazard. But there could also be 
intangible benefits, for example, peace of mind for the chief veterinary officer. Tangible or direct benefits are 
usually easier to translate into monetary units. In contrast, the valuation of intangible, indirect or temporary 
benefits is complex and consequently often not addressed in current economic assessments of animal 
health and food safety programmes.

The challenges of assessing benefits of surveillance become particularly obvious when surveillance 
systems are subject to evaluation. Evaluation is increasingly applied to assure that surveillance is achieving 
its objective. As long as the latter are defined in terms of effectiveness, this can be relatively straightforward. 
However, if efficiency or over-all value should be quantified, this can become quite challenging. Also, good 
practice is not yet fully established in this area although some first guidance is provided, for example through 
the RISKSUR project (www.fp7-risksur.eu).

All statements made so far are true for any surveillance, regardless of whether the main focus is on 
animal or public health. However, when surveillance is conducted in the context of food safety, benefits are 
expected also on the public health side. For some hazards, there may be animal health benefits too (e.g. 
brucellosis), but for some, these may be limited (e.g. Salmonella in pigs). Therefore, economic assessment 
of surveillance of such hazards needs to include costs as well as benefits incurred across animal and human 

populations, thus adding substantial complexity. 

We propose a framework that supports the mapping of cost and benefit streams of surveillance in a 
situation covering more than one population. The core concept is that surveillance will trigger certain 
activities (interventions) in either or both populations with the objective of risk mitigation. The benefits of 
these actions are then identified through the links established between surveillance and interventions, and 
– if possible – these are valued. This framework is currently being tested in the context of case examples, and 
our first experience revealed interesting results. For example, we hypothesise that a substantial proportion 
of surveillance conducted in animal populations for the benefit of public health has mainly intermediate 
or intangible benefits. This set of benefits is generated when surveillance data is used to, for example, 
inform risk assessments, identify gaps on surveillance systems, shape research agendas, or aid in outbreak 
investigation exercises, all of which contribute with knowledge that, whilst not triggering immediate actions 
of disease mitigation, can be used in future interventions. This stream of intangible benefits is linked to the 
value of knowledge in itself - intellectual capital - to the generation of social capital, and to the value of 
peace of mind (Babo Martins et al, submitted). As these are very difficult to value, the assumption, from a 
rational resource-use point of view, is that they are valuable enough for the user of the information (e.g. 
policy makers, risk assessors) to justify the current surveillance efforts and the resources allocated. The 
framework has not yet been applied to pig-related hazards, but to Campylobacter in chicken and West Nile 
virus. Results from these case examples will be presented and discussed. 

It is expected that evaluation – including economic evaluation – will become a routine activity in most 
disease mitigation programmes. This will also include food-borne risks. It is therefore recommended that 
stakeholder in the food industry develop technical competencies including not only epidemiology and risk 
assessment, but also surveillance and economics. 

Suggestions for additional reading:
• Babo Martins, S., Rushton, J, Stärk, K.D.C., submitted. Economic assessment of zoonoses surveillance in a “One 

Health” context: A conceptual framework. Zoonoses and Public Health.
• Häsler, B., Howe, K.S., Stärk, K.D.C., 2011. Conceptualising the technical relationship of animal disease surveillance 

to intervention and mitigation as a basis for economic analysis. BMC Health Serv. Res. 11, 225. doi:10.1186/1472-
6963-11-225

• Howe, K.S., Häsler, B., Stark, K.D., 2013. Economic principles for resource allocation decisions at national level to 
mitigate the effects of disease in farm animal populations. Epidemiology and infection 141, 91-101.

• Stärk, K.D.C., Regula, G., Hernandez, J., Knopf, L., Fuchs, K., Morris, R.S., Davies, P., 2006. Concepts for risk-based 
surveillance in the field of veterinary medicine and veterinary public health: review of current approaches. BMC 
Health Serv. Res. 6, 20. doi:10.1186/1472-6963-6-20.   

*Hawkshead Lane, North Mymms AL9 7TA, Hertfordshire, United Kingdom 
corresponding author: kstaerk@rvc.ac.uk; katharina.staerk@safoso.ch 
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Market based approaches for food safety and animal health interventions in 
smallholder pig systems: the case of Vietnam 
Rich, K. M.1;  Thu Huyen, N. T.2; Nam Ha, D. 2; Duong Nga, N. T. 2; Xuan, V. K. 2; Trung, N. X. 2; Van Long, T. 2; Van Hung, P. 2; 
Unger, F. 3;  Hamza, K. 4; Lapar, L. 3

Food safety and animal health concerns place rising burdens on smallholder pig production in Viet Nam, 
both in terms of negatively affecting livelihoods and profitability as well as reducing consumer confidence in 
pork. While reducing the incidence of pig disease and improving the safety of pork products are potentially 
important public goods, it is critical to take into account the tradeoffs between improved animal health and 
food safety outcomes and their associated costs. These net benefits could be markedly different for various 
value chain actors. Coordinating these interventions across the value chain and identifying market-based 
incentives for their adoption will be critical for their success and sustainability over time. However, this 
requires analytical frameworks that accommodate the analysis of food safety and animal health impacts 
across the value chain. In this paper, we developed a system dynamics model of the pig value chain as a 
decision-support tool to assess the benefits and costs associated with market-based interventions in the 
pig value chain. System dynamics models are simulation approaches that highlight the feedbacks between 
different actors and processes within the value chain. As such, they can be used to identify both the potential 
entry points for upgrading food safety and animal health as well as potential areas of tension within the 
chain that may undermine uptake. The model combines a detailed model of herd production and marketing 
with sub-modules on short- and long-term investment in pig capacity, and decisions by value chain actors 
to adopt different innovations. Model results demonstrate that interventions focusing on individual parts of 
the value chain (e.g. only at farm or slaughterhouse level) are less cost-effective and sustainable than those 
that jointly enhance incentives for control across the value chain, as weak links downstream undermine the 
ability of producers to sustain good health practices.

1Lab 863 Ltd.;
2Vietnam National University of Agriculture;
3International Livestock Research Institute;
4University of New England
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Systematic review of the magnitude of change in the prevalence of Salmonella 
and the quantity of Salmonella after administration of pathogen reduction 
treatments on Pork Carcasses : Interim summary
Totton, S.1; Glanville, J.2; Dzikamunhenga, R.3; Dickson, J.4; O´Connor, A3.

Introduction

Our objective was to review and describe the change in prevalence and/or quantity of Salmonella 
associated with pathogen reduction treatments (washes, sprays, etc.) on pork carcasses or carcass parts 
with skin in comparative experimental designs. This is an interim summary. 

Material and Methods

A review conducted consistent with the systematic review methodology. In January 2015, CABI (1910-
2015) (Web of Science interface), Science Citation Index and CPCI-S (1900-2015) (Web of Science interface), 
Medline and Medline in process (1946-Present) (OVIDSP interface), Science.gov (http://www.science.gov/
scigov/), and Proceedings of The International Symposium on Epidemiology and Control of Salmonella in 
Pork (1996–2012) were searched with no restrictions on language or publication type. Reference lists of 24 
review article were also checked. Two independent reviewers screened 4001 titles/abstracts and assessed 
122 full-text articles for eligibility using pre-tested forms. Non-English-language records were not translated. 

Results

Data were extracted from 14 studies and risk of bias assessed independently by two reviewers. The 
following interventions were examined: citric acid + steam, steam + ultrasound, physiological saline, water 
+ acetic acid, acidified sodium chlorite, electrolyzed oxidizing water, distilled water, water (at various 
temperatures), stannous chloride, hydrogen peroxide, trisodium phosphate, sodium hypochlorite, lactic 
acid, and acetic acid. Only 5 studies were conducted in a commercial abattoir, the remainder where challenge 
studies. For summarizing the data we focused on interventions likely to be used in commercial setting i.e. 
lactic acid, acetic acid, chlorine based washes and water washes. First, we present a forest plot the data 
for studies that assessed lactic acid based interventions and reported measures of Salmonella that were 
concentration based (Figure 1). The measure of effect used was the standardized mean difference because 
the studies did not use the same metric. One study used the mean reduction in Salmonella between two 
time points, while others used on the mean concentration post treatment as the metric for comparison. 
Figure 1 have no summary effect because it graphs all possible pairwise comparisons and therefore reuses 
control arm data, as such sample size estimates would be inflated and variance underestimate if a summary 
effect was calculated.. In Figure 1 there is little evidence of a consistent positive or negative effect of acid 
washing compared to water washes, as most estimates center around the null value of zero.  In  Figure 2 
we present the Salmonella prevalence estimates for studies that uses acid treatments (they are varied) 
with some water treatment (either standard or warm/hot). Again, no summary effect is not reported as it 
is not suitable for these data as control arms are repeated. This plot provides a more consistent picture of a 
positive effect of acid-based treatments on Salmonella prevalence.
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Discussion

When discussing the conclusions we use the GRADE evidence framework as (strength of association, 
consistency, directness) as a basis for considering the conclusions however we did not conduct a formal 
GRADE process.  We considered risk of bias for the overall body of work due to systematic error to be 
moderate overall for the body of work (results not shown).  The major issue source of bias was the potential 
for differential recovery of Salmonella from treated carcasses due to knowledge of the intervention. With 
respect to the strength of association, there does not seem to be strong evidence that one intervention 
or form of intervention (acid, hot water, cool) is clearly superior to others for control of Salmonella on 
carcasses. The preliminary conclusion we reach from these data is that there is no strong evidence for 
the efficacy of one particular intervention.   With respect to consistency, the most consistently observed 
association was a positive effect of acids washes on the reduction in Salmonella, however this is based on 
individual results and not a summary result which was not calculated for reasons already discussed.  The 
directness of the findings is mixed, some studies were conducted in abattoir settings, which are clearly 
relevant to the target population. As laboratory studies occur in controlled settings, and we would expect 
interventions to have smaller and more variables effects when used in commercial settings The conduct of 
the review was consistent with current standards for reviews. Steps were taken to ensure an a prior protocol 
was available, a comprehensive search, duplicate data extraction was used. We would propose that the 
major limitation in the review is the approach to reporting the underlying data. 

Conclusion

The interim conclusion we would reach is that there is weak evidence that acid washes might be more 
effective than water/standard washes at reducing the prevalence of Salmonella on pork carcasses with 
skin-on. This finding is only weak for several mitigating reasons in particular the fining is not repeated for 
Salmonella concentration, the number of studies contributing data is small and the body of work uses 
multiple interventions. 
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Figure 1:
Forest plot showing measures of Salmonella concentration from interventions studies that assessed lactic acid washes in commercial 
abattoirs. Standardized mean difference is used as the summary effect measure as the metrics for Salmonella where not consistent 
across studies. These data represent all possible comparisons so control groups appear multiple times and summary effects are 
invalid.  (Christiansen et al.,) (Fabrizio and Cutter, 2004) (Morild et al., 2011)

Figure 2: 
Forest plot showing prevalence of Salmonella for interventions that compared variations of acid interventions with standard/
controls. These data represent all possible comparisons so control groups appear multiple times and summary effects are invalid. 
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Effect of lairage on prevalence of methicillin-resistant Staphylococcus aureus 
(MRSA) in market swine 
McKean, J.D1; Frana, T.1 ; Logue, C.M.1; O’Connor, A.M 1

Introduction

This project had three objectives 

Objective 1:  Determine the impact of lairage on the prevalence of MRSA carriage in swine

Objective 2: Determine the impact of normal pre-chill harvest procedures on MRSA prevalence 

Objective 3: Compare the relative agreement of nasal vs. skin swabs on MRSA detection. 

Here we present the interim summary of the project

Materials and Methods:  

Design and setting: The study was an observational study with data collected from pigs at multiple 
time points along the harvest process from entry to the abattoir to pre-chill carcass. Sample procurement 
occurred at a high-volume commercial Midwestern (Iowa) abattoir from November 2011 to April 2012.  
Pigs marketed where chosen by the owner.  Upon arrival each lot of pigs was tattooed by plant personnel 
with a unique lot identifier per company procedures. Four direct delivery production site-to-abattoir lots 
were selected by plant personnel for each of 15 periods. From these lots 10 individual pigs were selected 
to represent the group status. Pigs selection was based on convenience within test groups as no unique 
individual ID or sampling frame was available. The same pigs were not sampled at each point for Objectives 
1 and 2. Identified test lots were sampled with skin swabs of 10 individual animals where all pigs in the 
lot were eligible. Skin samples were taken by swabbing the moistened sponge across the shoulder area 
(approximately a 10cm X 10cm area) of 10 pigs per lot upon entry (receiving), at the gondola-loading area 
(post-lairage) and at the post-evisceration (pre-chill) area to fulfill Objectives 1 and 2. For Objective 3, skin 
samples were collected from individually identified pigs at the gondola-loading (post-lairage) area and those 
pigs were resampled after stun (shackle) using nasal swabs (nasal swabs). 

Bacterial Isolation and identification of MRSA isolates: Each sponge or swab was inoculated into 
enrichment broth containing 10g tryptone/L, 75g NaCl/L, 10g mannitol/L and 2.5g yeast extract/L and 
incubated for 24h at 35°C, then a loopful of the broth was inoculated onto selective MRSA agar plates (Bio-Rad 
Laboratories, Redmond, WA). Plates were incubated for 18- 24hours at 35ºC and examined Staphylococcus 
species. (Weese et al., 2010; Weese et al., 2011). Up to 3 suspect colonies from a sample were further 
identified by hemolytic pattern, gram stain, catalase test, and conventional biochemical tests as described 
in Carter and Smith (1957) or by matrix-assisted laser desorption ionization time-of-flight (MALDI TOF) 
mass spectrometry (Bruker, Billerica, MA). All Staphylococcus aureus isolates were screened for methicillin 
resistance on Mueller Hinton agar with 4% NaCL and 6 μg/ml Oxacillin. Confirmation of MRSA status was 
initially conducted using the MRSA latex agglutination test (Oxoid Ltd., Hants, UK). Testing of MRSA isolates: 
A subset of isolates collected were tested for the presence of 16s, mecA and PVL genes by PCR (Buyukcangaz 
et. al., 2013. Multiplex PCR For multilocus sequence typing (MLST) the housekeeping geneswere : arcC, aroE, 
glpF, gmk, pta, tpi, and yqiL, were amplified (Table 1) (Enright et al., 2000). Sequence data was imported 
into DNAStar (Lasergene, Madison, WI), trimmed and aligned to the control sequences (from the MLST site) 
and interrogated against the MLST database (http://saureus.mlst.net/). 
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Statistical Analysis: Objectives 1 and 2: We calculated the proportion of positive lots and the 95% 
confidence interval for the proportion using Fishers exact methods (Using OPEN EPI).  The unit of concern 
will be the lot and outcome of interest was prevalence of MRSA positive lots pre-lairage and post-lairage 
using McNemars paired test of proportions.  Objective 3: The unit of concern was the individual pig and 
outcome was MRSA status. The analysis assessed the agreement between nasal and skin samples collected 
from the same pigs before and after the gondola. The null hypothesis tested with a Kappa test was that 
status agreement between nasal and skin swabs be > 90%.  

Results

These results are interim.  From the 15 trips data from 63 lots were collected.  58 lots had a complete 
set of samples (10 at each point) were collected representing four (4) production steps – receiving (skin 
swab), post lairage (pre-gondola skin swab), post-stun (shackle nasal swab), and pre-chill (carcass swab). 
The patterns of recovery for Staphylococcus aureus at the four locations are provided in Figure 1.  The 
change in prevalence of Staphylococcus aureus at the three locations (pre lairage, post lairage and chill) that 
used skin swabs is also shown in Figure 2, differentiated by the lots arrival status i.e., comparing lots that 
arrived with at least one positive sample compared to those that did not have at least one positive arrival 
sample.  The first and most striking observation is the drop in carrier isolations pre-chill when compared to 
receiving-and post-lairage (pre-gondala) lots and to Post-stun lots. This result was consistent regardless of 
the status of the pigs upon arrival i.e. positive and negative lots both had increases while in the abattoir but 
where negative at the end of processing. 

MRSA typing from a random sampling of post-lairage and post-stun Staphylococcus aureus demonstrated 
the presence of 21 ST398 and 12 ST5 patterns across all sampling dates. All but one ST398 isolate was 
found in the March 27 cohort, while the ST5 isolates were scattered throughout the 15 sampling dates. No 
MRSA ST398 carcass positive isolations (0/40) or other ST types were found on this date. Within the March 
27th cohort all four lots had post-lairage positive ST398 isolates. One lot had 3/10 post lairage and 1/10 
nasal swab positives for ST398 with one of 10 individual matches for post-lairage and nasal swabs. Another 
contained 4/10 post lairage and 4/10 nasal swab positives with ST398 originating from the same animals. 
The third lot had 1/10 post lairage isolates and 1/10 nasal swabs with ST398 with one match. The final lot 
had no post lairage positives, but 2/9 nasal swab positive ST398 isolates. The McNemars test was significant 
with a p value of <0.001, suggesting here was a substantial increase in the proportion of positive lots during 
the lairage period based on the definition of 1 positive sample being a positive lot ( McNemar chi-square 
tests statistic =16.69, p value=0.00004402).  No ST398 isolates were found on pre-chill carcasses over the 
15 sample dates and 58 lots tested. All (7) positive carcass (pre-chill) isolates were ST5, and were found in 
3 different date cohorts

Table 1: Lot level data comparing pre-lairage and post-liarage samples testing for the presence of MRSA in swine

Pre-lairage skin samples
Positive Negative

Post-lairage nasal 
samples

Positive 14 26 40  (35%)
Negative 3 15 18

17 (29%) 41 58

A positive lot is defined as a lot with at least 1 positive sample, the unit of concern is the lot

At the animal level individual post lairage and post-stun samples were collected to determine compatibility 
of results and to answer the Objective 3. The question was posited as whether skin swabs taken post-lairage 

or nasal swabs take post stun of individual animals would result in isolation compatibility. Skin or nasal 
swabs were obtained from 619 post lairage and 615 post-stun animals. There were 160 post-lairage positive 
and 150 nasal swab isolate positive results. 589 matched post-lairage skin swabs and post stun nasal swab 
pairs were available for analysis; with 351 pairs both negative and 72 pairs both positive. The remaining 166 
pairs were post-lairage negative and nasal swab positive (88) or reversed designation (78).

Table 2: Individual level results for the comparison of post-lairage and post-stun samples testing for the presence of MRSA in swine.

Post-lairage skin samples
Positive Negative

Post-stun nasal 
samples

Positive 72 88 160 (27%)
Negative 78 351 429

150 (25%) 439 589

There was no statistically significant difference in the number of positive isolates each method detected 
within lots, but they did not statistically predict the same pairs as positive. McNemar test had a p value of 
0. 48 suggesting no reason to suspect that the proportion of samples positive differed between the two 
locations. Although the agreement between post-lairage and post stun samples was statistical significant 
we considered this too low to be of practical significance (Kappa-0.27, SEM Kappa=0.041, 95% CI= 0.19- 
0.35, Z test-statistic =6.64, p value=1.515654e-11). (statistics code is  provided at the end) 

Discussion

In this study the MRSA individual lot carriage rate at entry was estimated to be 28.8%. Because the lots 
were selected from direct site to abattoir loads, this rate may be used as an estimate for expected on-farm 
carriage rates. The post-lairage isolation rate was greater than at entry (28.8% vs. 64.4%), which supports 
the proposition that during the lairage period additional MRSA transmission between animals is probably 
occurring due to skin contact and contamination.  Within this general rise in MRSA isolation, the results 
varied widely. No carcass (pre-chill) swabs were ST398 positive, nor were any MRSA bio-types identified 
pre-chill on that date . Such an observation is consistent with current HACCP-based procedures substantially 
reducing MRSA carriage from the live animal to pre-chill carcass stage.  The third objective for this study was 
to determine whether MRSA isolations resulting from swabbing the skin of pigs was comparable to nasal 
swab results in individual animal pairs.  Based on the individual pairs of samples available there is not a 
direct animal correlation for these sampling strategies. 

Conclusion

In summary, these data support observations reported elsewhere: 1) that the potential risk of MRSA 
ST398 from animal products causing human disease appears to be very low and 2) that current  HACCP-
based intervention in processing provide significant protections by reducing the risk of MRSA ST398 at the 
pre-chill carcass level.  Worth noting is that the ST5 type has been previously implicated in human illness 
as a potential source for community acquired strains. These data identified only ST5 on pre-chill carcasses.
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Figure 1: The pattern of recovery of Staphylococcus aureus from the lots of pigs each date. For each lot, 4 locations where sampled: 
receiving (pr.rs), post lairage (pr.pls), post-stun (pr.ss), and pre-chill (pr.ps).

 

Figure 2: Pattern of Staphylococcus aureus recovery from lots of swine, at three locations: at arrival (recived sponge), after lairage 
(post-lairage sponge) and at chill (prechill sponge)    
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Listeria control programs in the production environment
Fernàndez, E. C.1

Listeria is a universal problem for food manufacturers and even when all reasonable hygiene measures 
have been put in place, problems can still arise. The crux of the Listeria monocytogenes challenge is this 
bacteria’s natural resistance to many of the standard food preservation methods. The factory sources 
of Listeria are many and varied and include handling, processing and maintenance equipment, packaging 
systems, drains, surfaces, as well as refrigeration and chilling units.

Sealed Air has defined practical hygiene solutions for the effective management of the Listeria threat. 
Sealed Air’s preventative approach targets all potential sources of the bacteria’s spread in the form of a 
comprehensive hygiene programme. It addresses three main risk types – those deriving from infrastructure, 
processes and personal hygiene. From our expertise in implementing hygiene practices in several types 
of food industries, we claim that a previous assessment needs to be performed before providing the 
solution that better fits the requirements and specific conditions of the producer. The first step is a full and 
objective audit of the factory facilities, including the identification of any potential Listeria “hot spots”. Our 
product range facilitates hygiene excellence in all processing equipment and food contact surfaces. Proven 
solutions also incorporate training programmes for personal hygiene and working practices, measures for 
the prevention of cross-contamination and water control. Last development has been a specific assessment 
about Listeria based on our know-how, which provides specific (and some generic) solutions to control the 
impact of this bacteria on final product.

Finally, we have to highlight that no magical solution exists to fight Listeria: control requires good 
hygienic practices to be followed and continuous monitoring, but no hygienic practices alone will be able 
to eliminate Listeria from the production environment. Implementation & management of correct hygiene 
tasks can minimize the cross-contamination of the finished product and support the manufacture of 
microbiologically-safe food. Additionally other aspects need to be included as well such as a good HACCP 
program as well as Good Manufacturing Practices.

1Sealed Air Corporation
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Efficacy of different disinfectants intended for a pig farm environment.
Gosling, R.J.*, Breslin, M., Davies, R.H.

Disinfection is a widely accepted element of disease control, although there are many types of product, 
with differing chemistries, which affects their activity against pathogens such as Salmonella.

This study investigated the ability of fifteen disinfectants to eliminate pig-associated Salmonella, 
specifically focusing on monophasic Salmonella Typhimurium (S. 4,5,12:i:-).  The study included three 
m-cresol, one glutaraldehyde/ formaldehyde, four glutaraldehyde/quaternary ammonium compounds 
(QAC), two iodine, two peracetic acid and three potassium peroxomonosulphate-based commercial 
disinfectants.

Eight Salmonella serovars; S. Typhimurium DT193, two S. 4,5,12:i:- with different resistance profiles, 
S. 4,12:i:-, S. Derby, S. Bovismorbificans, S. Kedougou and S. Panama, isolated from pigs, were screened 
against all products using minimum inhibitory and minimum bactericidal concentration testing. There were 
no significant differences in MIC or MBC values between the serovars.

One S. 4,5,12:i:- DT193 strain , resistant to ampicillin, streptomycin and compound sulphonamides, was 
selected for further testing due to its relevance to recent cases of human salmonellosis.  All fifteen products 
were diluted at the Department for Food and Rural Affairs (Defra) Approved Disinfectant General Orders 
(GO) concentration, half GO and twice GO, in World health Organisation (WHO) standard hard water.

The disinfectants were tested using a faecal suspension model and a surface contamination model 
to replicate boot dip and animal house cleaning disinfection.  All products eliminated Salmonella in the 
faecal suspension model, the majority of the time at GO concentration.  Only one glutaraldehyde/QAC-
based product and one glutaraldehyde/formaldehyde-based product eliminated Salmonella in the surface 
contamination model at GO concentration.

The type of product chosen can impact on the efficacy of farm disinfection; therefore, clearer guidance 
is needed to ensure the appropriate product is being used in order to control disease.

Introduction

In Europe in 2013 the largest number of foodborne outbreaks in humans were caused by Salmonella 
with pig meat and pig products the third highest cause (EFSA and ECDC, 2015).  Salmonella Enteritidis, 
S. Typhimurium and monophasic S. Typhimurium 4,[5],12:i:- were the top three serovars isolated, and S. 
Typhimurium and monophasic S. Typhimurium 4,[5],12:i:- were the most commonly recorded serovars from 
pigs in the United Kingdom (ANON, 2013).  By the time the pig products reach the consumer they have 
undergone many processes since leaving the farm, however, if pigs have a nil or low salmonella prevalence 
when being reared, this reduces the possibility of the bacteria ending up in the end product. 

One on-farm disease control measure is an effective cleaning and disinfection programme.  Disinfectants 
are used in many different situations, to disinfect animal housing and equipment, to disinfect vehicles before 
entering the farm and to disinfect personal protective equipment worn by farm personnel.  

The aim of this study was to investigate the ability of fifteen disinfectants to eliminate pig-associated 
Salmonella from laboratory replicated farm situations.
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Material and Methods

A panel of 15 disinfectants were selected for inclusion in the study, following discussions with pig 
industry colleagues in Great Britain (GB) and analysis of products available on the open market tailored 
towards pig housing.  The panel included three m-cresol, one glutaraldehyde/ formaldehyde, four 
glutaraldehyde/quaternary ammonium compounds (QAC), two iodine, two peracetic acid and three 
potassium peroxomonosulphate-based commercial disinfectants.

Minimum inhibitory concentration (MIC)/Minimum bactericidal concentration (MBC) 

Eight Salmonella field strains were selected from the most commonly reported serovars in GB pigs 
between 2010-2013 (Table 1).  Overnight cultures were diluted to give an inoculum density of 1 x 106.   Neat 
(as bought) disinfectants were diluted 1:25 in WHO hard water.  In a 96 well microtitre plate 75µl of Nutrient 
broth No.2 was added to each well.  Disinfectant was added to the first well (column 1) (75µl) and double 
diluted to column 10.  Each Salmonella test strain (7.5µl) was added to a separate row, except column 12 
(negative control) and incubated for 18h + 2h at 37oC.  Plates were prepared in duplicate for each test, and 
each product was tested three times over a six month period.  Visual turbidity after incubation indicated 
positive growth.  MIC value was taken as the last clear well before turbidity was observed. 

MBC was determined by aliquotting 10µl from each of the MIC plate wells into 190µl Nutrient Broth 
No2. and incubating for 18h + 2h at 37oC.  Turbidity after incubation indicated positive growth; a clear well 
indicated bactericidal effects.

Table 1. Salmonella isolates selected for inclusion in MIC/MBC testing

Serovar Pig production 
type of Salmonella 
origin

AMR* profile

A S. Typhimurium Outdoor Sensitive to all
B S. 4,5,12:i:- Outdoor AM,S,SU
C S. 4,5,12:i:- Indoor AM,S,SU,SXT,T
D S. 4,12:i:- Outdoor No approved sensitivity
E S. Derby Indoor No approved sensitivity
F S. Bovismorbificans Indoor AM,APR,C,CN,N,S,SU,SXT,T
G S. Kedougou Indoor SU,SXT,T
H S. Panama Outdoor Sensitive to all

* Antimicrobial resistance, AM Ampicillin, APR Apramycin, C Chloramphenicol, CN Gentamycin, N Nalidixic acid, S Streptomycin, SU 
Compound sulphonamides, SXT Sulphamethoxazole/Trimethoprim, T Tetracycline

Preparation of disinfectants for faecal suspension and surface disinfectant ion models

Each disinfectant was accurately measured and diluted in WHO Hard Water to 0.5, 1 and 2 x Defra 
General Orders concentration, as correct at time of the study (July, 2014). 

Faecal suspension model

Isolate B (monophasic Salmonella Typhimurium) was mixed in equal measures with Salmonella-free pig 
faeces to obtain a smooth slurry with 5x106 CFU/g of Salmonella. To 9ml of each disinfectant concentration, 

held at 4oC, 1g of Salmonella-spiked faeces was added and agitated, in 3 replicates.  After 30 minutes, 2 and 
4 hours, each tube was agitated and a 100µl aliquot removed  into 10ml nutrient broth no.2 + 5% horse 
serum for at least 5 minutes.  One 1ml was then transferred to 10ml nutrient broth no.2 and incubated for 
18 + 2h at 37oC.  All tubes were further agitated at 1 and 3 hours.  Counts on spiked faeces at 30 minutes, 2 
and 4 hours were carried out to confirm challenge present.

After 18 + 2h incubation in broth, 100µl was plated onto Modified Semi-Solid Rappaport-Vassiliadis agar 
and incubated for 24h at 41.5oC.  A 10µl loop of growth was then plated onto Rambach agar and incubated 
for 24h at 37oC.  A positive or negative result for Salmonella was recorded.

Surface contamination model

Wooden dowels (40mm x 10mm) were immersed in Salmonella-challenged slurry, 1:1 mixture of 
Salmonella-free pig faeces and monophasic Salmonella Typhimurium, stirred to achieve a visually 
determined uniform coating of approximately 1g/dowel and with 5x108 CFU/g of Salmonella.  Dowels were 
then placed in autoclave tins to dry at room temperature for three days. In replicates of 3, dowels were 
exposed to each disinfectant concentration for 10 minutes at 15oC.  After exposure dowels were placed in 
a petri dish overnight.  Dowels were then neutralised in 20ml nutrient broth No.2 + 5% horse serum for 10 
minutes before being vortexed for 10 seconds and 2 aliquots of 1ml taken and added to fresh nutrient broth 
No. 2 and incubated for 18 + 2h at 37oC.  Salmonella presence was determined or each sample by MSRV and 
Rambach method for Salmonella isolation as above. 

Results

Minimum Inhibitory Concentration/Minimum Bactericidal Concentration 

No significant difference in MIC/MBC results was found between the different strains of Salmonella (p = 
0.971), therefore data presented in Figure 1 are mean averages of all strains tested.  All products within the 
same chemical grouping produced similar results (Figure 1), with the glutaraldehyde and QAC combinations 
and peracetic acid-based products demonstrating bactericidal effects when present at less than 0.1%, 
whereas iodine-based products were required at more than 0.4%.    

Figure 1. Percentage of disinfectant required for inhibition and bactericidal effects against Salmeonlla 
G – Glutaraldehyde, QAC – Quaternary Ammoinium Compounds, F – Formaldehyde, POMS – Peroxymonosulfates, PA – Peracetic acid. 
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Faecal suspension model

.  A linear trend was observed in the presence of concentration and Salmonella elimination, although 
not with contact time; significant differences were observed between chemical groups and concentrations 
(p<0.001; Table 2).   This was mainly due to differences within the 0.5xGO concentration group (p<0.0001), 
whereas there were no significant differences between chemical groups in the 1xGO (p=0.261) and all 
products eliminated Salmonella at 2xGO concentration.  Variation between individual products within each 
chemical group was observed for iodine and m-cresol, however further analysis indicated the products were 
statistically similar (p<0.0001 and p=0.001 for iodine and m-cresol respectively).  The peroxymonosulfate 
group consistently eliminated Salmonella, even at 0.5xGO concentration. 

Table 2. Effect of chemical group and concentration on the ability to eliminate Salmonella from faecally contaminated disinfectant 
(n=27 – 3 replicates of 3 contact times per disinfectant) 

Concentration and result*

0.5xGO 1xGO 2xGO
No. products Elim. Surv. Elim. Surv. Elim. Surv.

G & F 1 24 3 27 0 26 1
G & QAC 4 100 8 105 3 108 0
Iodine 2 37 17 51 3 54 0
PA 2 35 19 52 2 54 0
POMS 3 81 0 81 0 81 0
m-cresol 3 73 8 80 1 81 0

GO – General Orders concentration, G – Glutaraldehyde, QAC – Quaternary Ammoinium Compounds, F – Formaldehyde, POMS – 
Peroxymonosulfates, PA – Peracetic acid. 
*Elim. = Salmonella elimination, Surv. = Salmonella survival

Surface contamination

Chemical groups of disinfectants were significantly different from each other (p<0.001) in the ability 
to eliminate Salmonella from a dried-on faecal contamination, and effect was concentration dependent 
(p<0.001; Table 3).  The glutaraldehyde/formaldehyde-based chemical group was the only group to 
eliminate Salmonella consistently at 1xGO, although the glutaraldehyde and QAC-based products were able 
to eliminate Salmonella at 2xGO concentration.

Table 3. Effect of chemical group and concentration on the ability to eliminate Salmonella from faecally contaminated disinfectant 
(n=3 per disinfectant) 

Concentration and result*

0.5xGO 1xGO 2xGO
No. products Elim. Surv. Elim. Surv. Elim. Surv.

G & F 1 0 3 3 0 3 0
G & QAC 4 0 12 7 5a 12 0
Iodine 2 0 6 0 6 1 5
PA 2 0 6 0 6 0 6
POMS 3 0 9 0 9 0 9
m-cresol 3 0 9 0 9 3 6

GO – General Orders concentraion, G – Glutaraldehyde, QAC – Quaternary Ammoinium Compounds, F – Formaldehyde, POMS – 
Peroxymonosulfates, PA – Peracetic acid. 
*Elim. = Salmonella elimination, Surv. = Salmonella survival
a Survival of Salmonella across the different products

Discussion

The m-cresols, peroxymonosulfates and glutaraldehyde and formaldehyde based products were 
all effective at eliminating Salmonella in the faecal suspension model, as were three out of the four 
glutaraldehyde and QAC products tested.  These findings are comparable to previous data using laying hen 
faeces as the faecal matrix (McLaren et al., 2011).  McLaren et al (2011) reported that when turkey faeces 
had been used only the m-cresol product was effective at eliminating Salmonella in the faecal suspension 
model.  This highlights the variations in product ability and suitability when applied to a farm environment. In 
the surface contamination model many of the products, glutaraldehyde and formaldehyde, glutaraldehyde 
and QAC, peroxymonosulfate and iodine-based products also performed as previously reported (McLaren 
et al., 2011), however the m-cresols were not as effective in the present study at eliminating Salmonella 
from dried on surface contamination.  Again this highlights the need for an appropriate product to be 
selected for the task, and reinforces the need to remove organic matter prior to disinfection.
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From an individual approach to a Cluster strategy
Cruz, I.B. (*), Oliveira, I.A., Afonso, O.B.

Portuguese agri-food sector, as well as in Europe, is characterized by being dispersed and pulverized. 
Nevertheless, in Portugal, the Food and Beverage Industry (F&BI) has the highest rates in terms of turnover 
of the manufacturing industry - corresponding to 20% (INE - 2009). This sector is a key vector of the economy, 
contributing the most to the Gross Domestic Product (GDP). Due to the relative small dimension of the 
domestic market, and its subsequent small scale, companies are obliged to turn to international markets in 
order to be more competitive. 

In the last decades, Portuguese F&BI was not able to achieve the desirable stages of self-sufficiency, 
competitiveness and technological sophistication in the value chain, either by the fragile linkage between 
primary sector and manufacturing industry, in order to boost the national added value, or by the reduced 
cooperation between primary sector, manufacturing and academia. All the above, enabled an efficient 
answer to the national and international demand to better compete in a globalized market.

In order to accomplish the challenge of overcoming this situation, PortugalFoods in a partnership 
with PricewaterhouseCoopers (PwC) and in a closed cooperation with other entities of the sector, such 
as sectorial associations, food companies, government, and interface entities, built up a joint strategy to 
support the internationalization of the Portuguese F&BI.

In this study, seventeen different sectors in the food field were analysed, in which the meat and meat 
products industry was included.  

Firstly, a diagnosis of the meat and meat products national industry was carried out by analysing its 
representativeness in the food sector. This subsector comprises a total number of 227 companies, involving 
9.617 workers, generating a GDP of 187 M€ and a turnover of 1.381 M€, showing a relative relevance in 
the food sector. The evaluation of the balance of trade reveals that the sausages and similar products have 
the highest performance (positive), both in value and volume, showing an increasing growth of the exports 
and, on the other hand, a maintenance or decreasing of the imports. Remaining subcategories among the 
meat and meat product, present a contrary effect (negative), showing a large external dependency of the 
international markets. 

The analysis of the index of revealed comparative advantage expresses that Portugal has competitive 
advantages in sausages and similar products, in markets such as Europe, with special incidence in Spain and 
UK, Africa (Angola) among others. Additionally, a comparative analysis was carried out focused on the major 
importer markets, allowing to identify markets with good perspective of exports.

Three strategic priorities and specific goals were raised from this study: 

• Production – policies to support national production, inducing positive effects in meat industry 
provision, stimulating competitiveness.

• Positioning – reinforcement of the subsector by differentiation and innovation, indexing to its origin, 
tradition, quality and authenticity, based in sustainable production and exploring the uniqueness of 
Portuguese meat products, supported by knowledge and Research & Development.

• Diversification – reinforce the Portuguese presence in European markets, with no constraints 
regarding imports of this type of products; and striking in emerging markets, evaluated as a priority 
due to its potential of growth in a nearer future.
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In order to respond to these needs, PortugalFoods created the concept of HUB Meat and Delicatessen, 
approaching a strategy of market and communication. This HUB also promotes the cooperation between 
companies, allowing an integrated offer of innovative and differentiated products, enabling dimension, 
leveraging the quality and uniqueness of Portuguese products. Thus, creating a joint participation instead 
of an individual approach.

In this way, PortugalFoods as the Portuguese agro-food Cluster, accomplished its mission to reinforce 
competitiveness of food industry in the food sector, by increasing the technologic index of enterprises, 
promoting production, transference of knowledge and its application towards valorisation and differentiation 
of food products; and by acting as a stimulus to Innovation, to Competitiveness and to Internationalization

PortugalFoods – Polo de Competitividade e Tecnologia Agroalimentar, Tecmaia – Parque de Ciência e Tecnologia da Maia, Rua 
Engº Frederico Ulrich, nº 2650 | 4470-605 Moreira da Maia | Portugal

*corresponding author: isabel.bcruz@portugalfoods.org.

Diagnosis and detection of swine zoonotic diseases and pork hazards 

A Multiplex PCR Assay for Detection of Salmonella sp., Listeria monocytogenes, 
Campylobacter sp., Staphylococcus aureus and Escherichia coli
Santos, A. *(1)(2); Almeida, A. (2); Correia da Costa, J.M.(3),(4); Lourenco, M. (2)

Abstract

Contaminated food and water are usual vehicles for bacterial pathogens transmission. According to EFSA 
they promote foodborne illness. Salmonella sp., Campylobacter sp., Listeria monocytogenes, Escherichia 
coli and Staphylococcus aureus are the most foodborne pathogens reported. Bacterial contamination levels 
remain at high level, particularly in Europe, despite regulatory efforts to address the situation. The need of 
new diagnostic tools is crucial. Ideally, tests easy to perform, enough accurate and low cost. The present 
work talk about optimization of a multiplex PCR (mPCR) test used to detect 5 foodborne contaminants: 
Salmonella sp., Campylobacter sp., L. monocytogenes, E. coli and S. aureus. For specificity evaluation, 
5 PCR amplification reference DNA were used respectively: 103bp, 174bp, 151bp, 121bp and 136bp. 
No amplification was observed when primers and DNA from mismatching species were subject to PCR 
amplification. Furthermore, the sensitivity of this assay was evaluated by using serial dilutions of DNA 
extracted from clean 1CFU culture of each pathogen. This assay will be optimized by using Real-Time PCR 
and DNA plasmids containing a single copy of each gene, towards a new and rapid test for food and food 
manipulated surfaces control. Results are promising and allow us to postulate the design of an accurate and 
useful assay for bacterial control.

Introduction

Scientific literature indicates more than 1415 species known to be pathogenic for humans, and 61% 
of them are zoonotic (Taylor, et al., 2001). Despite the efforts done by industries, foodborne pathogens 
continue to be a challenge to public health institutions and a threat for consumers (Garrido, et al., 2013). 
According EFSA data, human cases of infections by Campylobacter sp. has shown a slightly decreased in 
2012 for the first time in five years, but remain responsible for 214000 infections (EFSA 2014). Salmonella 
sp. is recognized as a major human foodborne pathogen (CDC 2008) and represents a human health 
concern (Carraco, et al., 2012). Human infection by Salmonella sp. has been decreasing, even if 91034 cases 
have been reported in 2012 (EFSA 2014). Human infections by Listeria sp., mainly by L. monocytogenes 
accounted for 10,5% more reported cases in 2012 than in 2011 and has been gradually increasing over the 
past five years (EFSA 2014). E. coli is a common commensal bacterium of mammalians. However, several 
strains integrate virulence factors promoting diarrhea, urologic, or systemic illnesses (CDC 2012, Jandhyala, 
et al., 2013). S. aureus is commonly associated with staphylococcal food poisoning (Alarcón et al., 2006). All 
these bacteria cause serious problem for human and animal health. So, it is of utmost importance to detect 
them by tracing food chain with rapid, sensitive, specific and low cost diagnostic tests (Fisher, et al., 2007). 
The aim of this work is to perform a new mPCR assay to detect these five foodborne pathogens.
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Material and Methods

Primer design

The sequences of the oligonucleotide primers used in this study were designed based on specific target 
genes present in each species. The primers were designed to have the same annealing temperature, and 
the targets were chosen based on recent publications and the most specific and reliable genetic targets for 
the five pathogens ( Table 1). Primers were designed using the Primer Express 2.0.0 Software program and 
synthetized by NZYTech Company (Portugal). The primers sequences will not be described due to safeguard 
of intellectual property issues.

 
Table 1
Reference strain, target gene and lyophilized pellets used in the specific detection of Salmonella sp., E. coli, L. monocytogenes, 
Campylobacter sp. and S. aureus and amplicon size.

Food borne pathogen Target gene Reference strains Tablets Amplicon size (bp)
Salmonella sp. gapA S. enterica   serotip

Budapest (INSA)
NCTC 6017 103

Escherichia coli uspA CECT 105 ATCC 25922 121
Listeria monocytogenes hlyA CECT 934 ATCC 13932 151

Campylobacter sp. cdtB CECT 7572 ATCC 33291 174
Staphylococcus aureus 16S RNA CECT 239 ATCC 25923 136

Sensitivity and specificity 

The specificity of this assay was evaluated in two phases: i) by using CECT reference DNA’s, and ii) by using 
reference tablets of reference strains. Tablets were dissolved in 20mL of sterile water by 10’, and plated on agar 
medium for 18h, in accordance with the manufacturer’s instructions. In the case of C. jejuni, this strain was plated 
on agar-blood medium. After 18h of growth, it was selected one CFU and all DNA’s were extracted with QIAamp® 
DNA Mini and Blood Mini Handbook kit (QIAGEN). Concerning Salmonella sp., we have utilized a reference strain 
confirmed by the Portuguese Reference Laboratory (INSA Instituto Nacional de Saúde Dr Ricardo Jorge).

The specificity of the designed primers was tested using Blast®, NCBI Software on-line program and was 
confirmed by PCR. The sensitivity of this assay was tested by doing different 10x dilutions, starting from the 
genomic DNA extracted by 1CFU provided by the reference strains. Then, the PCR was performed until no 
amplification was observed in agarose gel. Finally, all DNA was quantified by using NanoDropTM and Quant-
iTTM PicoGreen® to determine the reaction sensitivity.

PCR conditions

Amplification of bacterial DNA was performed by using 10μL MyTaqTMRedMix2X (Bioline), 300μM 
of primer mix and 1μl of DNA template, in a 20μl reaction. The PCR was performed under the following 
conditions: 5’ at 95oC; 40 cycles of 20’’ at 95oC, 20’’ at 56oC, 20’’ at 72oC; and a final extension step of 5’ at 
72oC. PCR products were analyzed by agarose gel electrophoresis. 10μL of the PCR products were loaded 
into 3% agarose gel and subjected to electrophoresis for 45’ at 120V in TAE buffer. Gels were observed and 
documented using the Gel-Doc UV (Bio-Rad).

Results

Specificity and sensitivity of the assay

The tests were performed in order to evaluate the specificity of the mPCR reactions. Results are shown in 
Figure 1, Figure 2 and Figure 3. Briefly; specificity tests were made on two phases: i) a PCR mix containing 5 
pairs of primers was used to amplify DNA from each specie; ii) a PCR mix containing all pairs of primers and 
a mixture of DNA provided from the 5 species. The DNA used was obtained from tablets from each species. 
The PCR mix containing all pairs of primers and DNA from each species to prevent cross reaction of primers 
between the species i.e., the ability of a certain pair of primers to amplify a target from a different species. No 
cross reaction was observed for each set of amplification (Figure 1). The mPCR mix containing all pairs of primer 
and DNA from the 5 species, allowed us to evaluate the ability to detect all species present in each sample. All 
except S. aureus were amplified (Figure 2). The quality or quantity of DNA utilized is critical (data not shown). 
Our results suggest that amplification of S. aureus DNA is more performing in a single reaction together with 
Campylobacter sp. Remaining pathogens amplifications (E. coli, L. monocytogenes and Salmonella sp.) works 
perfectly all together, even in the presence of all 5 pairs of primers. The size of amplicons corresponded to the 
expected size and no additional or nonspecific bands were observed in the PCR reactions (Figure 3).

Figure 1
The DNA agarose gel (3%) demonstrating the PCR mix containing all pairs of 
primers and only one DNA from each species: lane 1 DNA marker, lane 2 – 
negative control, lane 3 – Salmonella sp., lane 4 – E. coli, lane 5 – S. aureus, 
lane 6 – L. monocytogenes, lane 7 – Campylobacter sp.

Figure 2
The DNA agarose ge (3%) demonstrating mPCR samples for amplification of 
the genomic DNA provided by CECT and INSA: lane 1 – DNA marker, lane 2 – 
Negative control, lane 3 – amplification of L. monocytogenes, Campylobacter 
sp., E. coli and Salmonella sp.

Figure 3
The DNA agarose gel (3%) demonstrating PCR samples for amplification of the 
genomic DNA provided by tablets: lane 1 – DNA marker, lane 2 demonstrating 
PCR samples for amplification of the – negative control, lane 3 – amplification 
of Campylobacter sp. and S. aureus, lane 4 – amplification of L. monocytogenes, 

E. coli and Salmonella sp.
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A limit dilution approach was made in order to evaluate the optimal concentration of DNA for 
amplification reaction. Briefly, DNA corresponding to one CFU from the reference strains was used to 
prepare 10x dilutions, and PCR amplification. DNA corresponding to the last dilution with amplification was 
determined for each pathogen. DNA was quantified by using NanoDropTM and Quant-iTTM PicoGreen®. 
The working dilution was achieved at 11 dilutions to Salmonella sp., 5 to E. coli, 2 to L. monocytogenes, 5 to 
Campylobacter sp. and 5 to S. aureus.

Discussion

The accuracy of mPCR was evaluated at different levels. Initially, we have used DNA of each reference 
strain with a mix containing all the 5 pairs of primers. Any nonspecific band was observed (Figure 1). In the 
second step, DNA from all bacteria was mixed in the same reaction mix. As shown in Figure 2, S. aureus 
gene was not amplified. As referred previously, several experiments were performed to improve mPCR. In 
this attempt, several reaction conditions were performed, namely the number of extension cycles, primers 
and DNA concentration, primer melting temperatures etc. (data not shown). Results were not satisfactory 
in previously defined conditions. So, a combination of S. aureus DNA and Campylobacter sp. DNA was 
proposed in a single reaction with a mix of 5 pair of primers; in a separated set, E. coli, L. monocytogenes 
and Salmonella sp. DNA was amplified with the mix of 5 pairs of primers. In this condition, multiplex PCR 
amplification was successful. Regarding the sensitivity, a limit dilution approach was used, as referred before. 
Starting from DNA extracted from 1CFU, we performed several dilutions and submitted these to PCR. We 
observed a decrease in the amount of PCR product obtained with the increase in dilutions. The limit was 
obtained when a further dilution did not generate any PCR product. Then, DNA from each pathogen was 
quantified by using NanoDropTM and Quant-iTTM PicoGreen®. Surprisingly, it was difficult to quantify the 
amount of DNA even in the non-diluted samples with either technique. For this reason it was not possible 
to determine the amount of DNA present in the dilutions to infer the sensitivity of each mPCR. This may 
be explained by the sensitivity of NanoDropTM apparatus (up to 2ng/μl), and the Quant-iTTM PicoGreen® 
approach, which ranges from 50 pg to 2 μg. The PCR sensitivity, depending on the target and other factors, 
reaches lower values, but this is not true for the quantification techniques used. These facts justify the 
positive PCR amplification from all the samples even if the DNA quantification didn’t work. Nevertheless, 
the authors started a plasmid based approach to evaluate with higher accuracy the sensitivity of the mPCR 
reactions. Briefly, the 5 genes were independently cloned or inserted in a bacterial plasmid (pGEM®-T Easy) 
and used to transform E. coli cells. The positive clones were confirmed by restriction enzyme analysis and 
were sent for sequencing in an external laboratory. After confirming the identity of the plasmids containing 
the genes, high quantities of plasmid DNA will be produced and purified, which will be easily quantified by 
the described methods, and then used in the same limit dilution approach used to evaluate the sensitivity 
of each reaction. This work is under development and due to that, data is not available.

Conclusion

PCR amplification has been widely accepted as the method of choice for rapid and reliable detection of 
zoonotic agents in food. However, this detection is not yet used in food microbiological analysis probably 
because there is still a lack of standardized criteria for validation of PCR sample preparation methods, 
reaction components and assembly, as well as amplification conditions for pathogens and various food 
matrices (Malorny, et al., 2003; McKillip & Drake, 2004). Considering the reaction time, specificity and 
detection limit defined, it can be inferred that the mPCR proposed, can be used as first step in studies 

for detection of foodborne pathogens. The present study illustrates a new diagnostic test that enables 
the simultaneous detection of 5 important foodborne pathogens. Currently the test identifies all of the 5 
bacteria, and the next steps will be to adapt it to the needs of the food diagnostic market.
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Direct detection of Campylobacter from feces of organic and conventional 
pigs highlighted the presence of Campylobacter lanienae.
Kérouanton A.1,2*, Chidaine B.1,2, Rose V.1,2, Samson V.1,2 and Denis M.1,2

Abstract

In the frame of the CORE Organic II funded European project SafeOrganic, fecal samples from 31 organic 
pig herds and 31 conventional pig herds were sampled in a slaughterhouse. Samples were highly positive in 
Campylobacter coli but also in another Campylobacter species not described at that time in France. 

Identification by MALDI-TOF mass spectrometry and PCR 16S allowed us to confirm that 85 isolates were C. 
Lanienae; 56 from conventional pigs and 29 from organic pigs. Individual occurrence in Campylobacter spp. was 
thus re-estimated to 91.1 % (51/56) and 96.3 % (52/54) for conventional and organic pigs, respectively. A total 
of 55 isolates of C. Lanienae were studied for their resistance to 7 antibiotics. Only one was pansusceptible. 
Natural resistance to Nalidixic acid was confirmed. Resistance to Tetracycline was significantly different (p < 
to 0,001) between the two productions: 88 % of isolates from conventional pigs were resistant against 14% 
of isolates from organic pigs. Moreover, isolates from conventional pigs were mostly multiresistant (73%) 
whereas only 5% of strains isolated in organic pigs were multiresistant. The C. lanienae isolates were typed by 
PFGE using KpnI and SmaI enzymes. The genetic diversity was very high, whatever the enzyme used. No link 
between PFGE profile and isolate origin or antibiotic resistance pattern was evidenced. This study allowed us 
to demonstrate for the first time in France that pigs, known to be a reservoir for C. coli may also carry in their 
feces a species rarely highlighted: C. lanienae. The species was present in fecal samples from conventional and 
organic pigs. The lower level of antibiotic resistance and multiresistance of C. Lanienae strains for organic pigs 
may be related to the restricted use of antibiotics in this production.

Introduction

Campylobacter is the leading cause of bacterial zoonotic gastroenteritis in Europe (EFSA & ECDC, 2015) 
with C. jejuni the most important species found in human campylobacteriosis. However, the role of C. coli 
cannot be ignored because many studies have emphasized the importance of its multiple antibiotic resistances 
and its ability to also cause foodborne enteric infections. Within the EU, there are large differences between 
countries as well as between farms regarding usage of antimicrobials for prevention and treatment of diseases 
in pigs. In the frame of a CORE Organic II European project (SafeOrganic), we were interested to compare 
the occurrence of antibiotic resistance in slaughtered pigs from conventional and organic production, in four 
European countries. In France, we looked at Campylobacter in this project as we known that pigs were an 
important reservoir of C. coli (Denis et al., 2011). Campylobacter species identification allowed us to discover 
another species, than C. coli, never described in France: Campylobacter lanienae. Specific identifications have 
been conducted and, as for other strains isolated during SafeOrganic project, the occurrence of antimicrobial 
resistance of C. lanienae was determined as well as the genetic diversity of the isolates by RLFP-PFGE. 

Material and Methods

Sampling and Campylobacter collection

Colon contents of pigs were collected in one slaughterhouse from 31 organic herds and 31 conventional 
herds. A total of 58 conventional pigs and 56 organic pigs were considered (1 to 2 pigs per herd). 
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Direct detection of Campylobacter was done on Karmali plate. Plates were incubated at 37°C in a 
microaerobic atmosphere for 48 h. Characteristic colonies were then sub-cultured on blood agar plates for 
24h at 37°C for species identification by RCR and phenotypic and genotypic characterization. 

Species identification by PCR

After DNA extraction by blowing the cells out (95°C for 10 min), a Multiplex-PCR was used to confirm the 
genus of the bacterial isolates and to identify them to species level (Wang et al., 2002). This multiplex-PCR allows 
the identification of the following five Campylobacter species: Campylobacter jejuni, C. coli, C. lari, C. fetus, and C. 
upsaliensis. Five µl of DNA were used for amplification. PCR products were visualized by the electrophoresis of 10 
µl aliquots of each amplification product, for 3 hours at 100 V, in a 2% agarose gel stained with gel red. 

Identification with Bruker MALDI BiotyperTM

For presumed Campylobacter isolates not identified by multiplex PCR, species identification was carried 
out with a MALDI Biotyper system (Bruker Daltonics, Germany), according to the manufacturer’s instructions, 
as explained by He et al. (He et al., 2010). Isolates were grown on blood agar plates for 24 h at 37°C, and 
one colony per isolate was then individually picked and transferred to one of the 96 wells of a MALDI-TOF 
plate. The bacteria were then recovered by 1 µl of matrix solution (5 mg of HCCA in 1 ml of a solution of 50% 
acetonitrile, 47.5% water and 2.5% trifluoroacetic acid). The matrix was allowed to crystallize for 5 minutes at 
room temperature. The microplate was then placed in the Maldi Biotyper for genus and species identification.  

Specific 16S Lanienae PCR and sequencing

After DNA extraction using InstaGene matrix (Bio Rad), a 16S rRNA PCR for Campylobacter lanienae was 
performed as previously described (Logan et al., 2000, Inglis & Kalischuk, 2003) using the following primers, CLAN 
76F and CLAN5521021R . The conditions used for amplification were: a denaturation cycle at 95°C for 5 min, 
followed by 35 cycles of 5 s at 95°C, 5 s at 55°C, and 60 s at 68°C, ending with an extension cycle of 1 min at 72°C. 

Before sequencing, PCR products were purified using ExoSAP-IT kit (GE Healthcare). The PCR product 
were submitted for sequencing using a BigDye ® Terminator v3.1 cycle sequence kit (Applied bio systems, 
Forester City, CA, USA) following manufacturer instructions. Then, sequenced products were run on the ABI 
3130 Genetic Analyzer (Applied Biosystems). Sequences obtained were compared to the one of C. lanienae 
NCTC 13004 strain using BioNumerics® software (Applied Maths, Sint-Martens-Latem, Belgium). 

Antimicrobial susceptibility testing

Minimal inhibitory concentrations (MIC) of antimicrobials were determined for all strains using broth dilution 
method according to Clinical and Laboratory Standards Institute (CLSI) document M31-A3 with Sensititre® 
plates (Biocentric, Bandol, France). The antimicrobials tested included gentamicin (GEN), streptomycin (STR), 
ciprofloxacin (CIP), nalidixic acid (NAL), tetracycline (TET), erythromycin (ERY) and chloramphenicol (CHL).

ECOFFs for Campylobacter resistance were >2 µg/ml for gentamicin (GEN), >4 µg/mlfor streptomycin 
(STR), >0.5 µg/ml for ciprofloxacin (CIP), >16 µg/ml for nalidixic acid (NAL), >2 µg/ml for tetracycline (TET), 
>8 µg/ml for erythromycin (ERY) and >16 µg/ml for chloramphenicol (CHL).

Pulsed-field gel electrophoresis (PFGE) and analysis of electrophoretic profiles

DNA preparation, restriction endonuclease digestion and PFGE were carried out as described by the 
Campynet protocol (Rivoal et al., 2005). DNA macrorestriction was performed with KpnI and SmaI enzymes. 
Electrophoretic patterns were compared using BioNumerics®. Simpson’s index (D) was used to assess the 
genetic diversity of the Campylobacter populations (Hunter & Gaston, 1988).

Results

Species identification

Identification by Maldi-Tof mass spectrometry, and sequencing of 16S allowed us to confirm that a total 
of 85 isolates out of 118 were C. Lanienae. They originated from conventional pigs (n=56) as well as from 
organic pigs (n=29).

Antimicrobial susceptibility testing

A total of 55 isolates of C. Lanienae were studied for their resistance to antimicrobials. All isolates were 
susceptible to Chloramphenicol. Only one isolate was pansusceptible. A high level of resistance to Nalidixic acid 
(93 %) was observed. Resistance to Tetracycline and Ciprofloxacine was significantly different between the two 
productions (figure 1.). For tetracycline, 88 % of isolates from conventional pigs were resistant against 14% of 
isolates from organic pigs. Moreover, the analysis of resistance pattern showed that isolates from conventional 
pigs were mostly multiresistant (73%) whereas only 5% of strains isolated in organic pigs  were multiresistant. 

Figure 1: Percentage of resistance to 5 antimicrobials observed C. lanienae isolated tested for their resistance to antimicrobials 
(isolates from organic pigs in green and conventional pigs in grey. 

Pulsed-field gel electrophoresis (PFGE) and analysis of electrophoretic profiles

After KpnI restriction, 46 of the 57 isolates were typable. They were distributed in 43 KpnI profiles. For 
SmaI restriction, only 27 isolates were typable and highlighted 19 profiles. Index of diversity was very high 
in both productions whatever the enzyme used (D>0.96).
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Discussion

C. lanienae was originally isolated from abattoir workers exposed to pigs and cattle in Switzerland (Logan 
et al., 2000), but, so far, it has not been associated to human disease. The primary source of the bacterium 
seems to be swine (Sasaki et al., 2003) and/or cattle (Guevremont et al., 2008). C. lanienae also has been 
isolated from sheep (Oporto & Hurtado, 2011). C. lanienae is very fastidious to grow on most commercially 
available media trend to select Campylobacter. It could be an underestimated zoonotic agent. In this study, 
we have been able to detect C. lanienae probably because of implementation of direct isolation.

Initially, in our study, individual occurrence in Campylobacter spp  in colon content was estimated on the 
basis of the presence of C. coli (Kérouanton et al., 2014). Occurrence was not significantly different between 
organic (76.8%) and conventional pigs (74.0%). The confirmation of the presence of another species allowed 
us to re-estimate the occurrence of Campylobacter to 91.1 % (51/56) and 96.3 % (52/54) for conventional 
and organic pigs, respectively. 

Antimicrobial resistance testing allowed us to confirm the natural resistance to Nalidixic acid as previously 
described (Logan et al., 2000). The significant tetracycline resistance on conventional pork (88%) and the 
presence of multiresistant isolates raise the question whether C. lanienae could play a role in the spread of 
resistance.

Diversity was very high whatever the enzyme used for macrorestriction and PFGE, as previously observed 
(Schweitzer et al., 2011). C. Lanienae species probably have extensive genetic diversity and genome plasticity 
similar to other Campylobacter species. By PFGE, no evidence of genetic clusters specific to a production 
was shown. Likewise, no link was observed between PFGE profiles and resistance profiles. 

Conclusion

This study allowed us to demonstrate for the first time in France that pigs, known to be a reservoir for 
C. coli, may also carry in their feces a species rarely highlighted: Campylobacter lanienae. The species was 
present in fecal samples from conventional and organic pigs. The lower level of antibiotic resistance and 
multiresistance of C. Lanienae strains for organic pigs may be related to the restricted use of antibiotics in 
this production.Diversity of isolates was high, as usually observed for Campylobacter genus bacteria.
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Campylobacter in organic and conventional pig production in France: antibiotic 
resistance, genetic diversity and virulence. 
Denis, M. 1,2*, Chidaine, B.1,2,  Rose, V. 1,2, Bourgouin, K. 1,2, Cutimbo, M. 1,2, Kerouanton, A. 1,2

Abstract

Campylobacter coli strains from 56 organic and 58 conventional pig colon contents were characterized to evaluate 
impact of these two productions on antibiotic resistance, genetic diversity and virulence of these strains. 76.8% of 
organic pigs and 74.0% of conventional pigs were positive in Campylobacter. A total of 262 strains were tested for 
their resistance to 7 antibiotics. Significant differences were observed for 4 antibiotics (tetracycline, erythromycin, 
nalidixic acid, ciprofloxacin) between the two productions with higher resistance for conventional pig Campylobacter. 
Multiresistance was more frequently observed for conventional pig strains (54.8%) than for organic pig strains (26.8%). 
Strains were typed by PFGE (262 strains) and MLST (120 strains). Genetic diversity was very high for both productions 
with both typing methods. Strains were distributed in 60 PFGE genotypes and in 51 Sequence Types. Ten PFGE clusters 
(34% of the strains) and nine ST (41.6% of the strains) were common between the two productions. Presence of 9 
virulence genes was checked (120 strains) by PCR. All the strains carried the ceuE, iam, ciaB and flaA genes and more 
than 95% of the strains carried the cadF and cdtABC genes. The virb11 gene on plasmid was detected only for 13 organic 
pig strains. Capacity of adhesion and invasion of 61 strains were tested on Caco-2 cells. No link between virulence 
profile and strain origin was observed. However strains with the virb11 gene had higher invasive capacity. In conclusion, 
no impact of the type of production was observed on the genetic diversity and virulence of Campylobacter strains. The 
lower level of antibiotic resistance and multiresistance of C. coli strains for organic pigs may be related to the restricted 
use of antibiotics in this production and / or colonization of organic pigs with susceptible environmental strains. 

  

Introduction

Most studies interested in organic animal production focuses on antibiotic resistance of bacteria. Indeed, 
antibiotic resistance is considered one of the major global threats for the future and the use of antimicrobials in 
animal production is contributing to the growing problem with resistant bacteria. Within organic animal production 
there is generally a more restricted usage of antimicrobials, which likely influences the level of antimicrobial 
resistance in these herds (Young et al., 2009). Moreover, animals from organic production have access to an 
open area leading opportunity to encounter wild type Campylobacter strains. Such situations, restricted usage 
of antimicrobials and access to an open area, offer the possibility that organic pigs are colonized by another 
population of Campylobacter that of conventional pigs. These campylobacters can come from wild animals or 
pets (Mohan, 2015). It was thus interesting to characterize more precisely these Campylobacter strains to see 
if the management of the pig herds, organic / conventional, could influence the type of strains found in pigs. In 
addition to antibiotic resistance; we looked at the genetic diversity of the strains and their virulence.

Material and Methods

Sampling and Campylobacter collection

Colon contents of 56 organic and 58 conventional pigs were sampled from April to October 2012 at 
slaughterhouse. They were streaked on Karmali plate. After 48h at 37°C in a microaerobic atmosphere, 
typical colonies were sub-cultured on blood agar plates for 24h at 37°C for phenotypic and genotypic 
characterization as described after. A total of 262 strains were kept; 138 from organic pigs and 124 for 
conventional pigs. All the Campylobacter were Camplobacter coli.
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Pulsed-field gel electrophoresis (PFGE) 

The strains (262) were genotyped by PFGE. DNA preparation, Kpn1 restriction endonuclease digestion 
and PFGE were carried out as described by the Campynet protocol. Electrophoretic patterns were compared 
using BioNumerics® and strains were clustered by the unweighted pair-group method using the arithmetic 
mean (UPGMA) (Struelens et al., 1996). The Simpson’s index was calculated (Hunter, 1990) to assess the 
genetic diversity of the Campylobacter populations.

Multi-Locus Sequence Typing (MLST)

Strains (58 from conventional pigs and 62 from organic pigs) were genotyped by MLST as described by Miller 
et al., (2005). Amplification and sequencing of 7 housekeeping genes: aspA (aspartase A), glnA (glutamine 
synthetase), gltA (citrate synthase), glyA (serine hydroxylmethyltransferase), pgm (phosphoglucomutase), 
tkt (transketolase) and uncA (ATP synthase) were achieved. Each sequence was submitted to the MLST 
website (http://pubmlst.org/) in order to have the allele number of the 7 genes for each strain. A sequence 
type (ST) and clonal complex (CC) were then determined according to the allelic profile. 

Antimicrobial susceptibility testing

Minimal inhibitory concentrations of antimicrobials were determined for all strains using the broth dilution 
method according to Clinical and Laboratory Standards Institute (CLSI) document M31-A3 with Sensititre® 
plates (Biocentric, Bandol, France) and were interpreted according to the cut-off values recommended by 
the EU Reference Laboratory for Antimicrobial Resistance. The antimicrobials tested included gentamicin 
(GEN), streptomycin (STR), ciprofloxacin (CIP), nalidixic acid (NAL), tetracycline (TET), erythromycin (ERY) 
and chloramphenicol (CHL). All cut-off values used in the interpretation of the Campylobacter MIC results 
have been developed by EUCAST (www.eucast.org). 

Virulence

Presence of 9 virulence genes was checked (120 strains) by Real Time PCR SYBR® Green developed for 
this study using published primers or primers designed for this study. Heights of the genes were localized on 
the chromosome and one on the plasmid (virB11). The genes are involved in adhesion/invasion of epithelial 
cell (flaA, ciaB, cadF, iam, virB11), in the acquisition of iron (ceuE) and in the production of toxine CDT 
(Cytholethal Distenting Toxin) (cdtA, cdtB, cdtC).

Capacity of adhesion and invasion of the strains (61 strains) was tested in vitro assays on Caco-2 human 
intestinal epithelial cells as described by Guyard-Nicodeme et al., (2013). The capacity of adhesion and 
invasion were expressed as percentage of bacteria which adhere to- and invade in- Caco-2 cells from a 
starting inoculum of 107 UFC Campylobacter.

Results

Genetic diversity of the isolates

Typing by PFGE (262 strains) and MLST (120 strains) allowed to see that genetic diversity was very high 
for both productions with both typing methods. The index of diversity was slightly higher for organic strains 
(0.96) but not significantly different from those of conventional strains (0.93). Isolates were distributed in 
60 PFGE genotypes and in 51 Sequence Types. 91% of the strains were from Clonal Complex ST-828. Ten 
PFGE genotypes (34% of the strains) and nine ST (41.6% of the strains) were common between the two 
productions with a dominant ST854 (18.3% of the strains). 

Antimicrobial susceptibility 

Only 10 strains (3.8%) among the 262 strains were pansusceptible to the five family of antimicrobials tested 

(8 from organic pig and 2 from conventional pigs). None strain was resistant to CHL and only one strain from 
conventional pig was resistant to GEN. The percentage of strains resistant to STR was high and similar in the two 
productions; 75.4% of the strains for organic pigs and 73.4% for conventional pigs had this resistance (Figure 1). We 
observed significant difference for resistance to NAL, CIP, ERY and TET (χ2, p<0.05) between the two productions. 
For these four antibiotics, resistance was higher for Campylobacter isolated from conventional pigs.

Figure 1: percentage of isolates resistant to four antibiotics in organic and conventional pig production 

The most frequent resistance profile was resistance to tetracycline with streptomycin; 33.3% of the 
organic pig strains from and 24.2% of conventional pig strains. Multiresistance (resistance to 3 or more 
antimicrobial families) were more frequently observed for strains from conventional pigs (54.8% of the 
isolates) than for strains from organic pigs (26.8% of the strains) (χ2, p<0.01) 

Virulence

All the 120 strains tested carried the ceuE, iam, ciaB and flaA genes and more than 95% of the strains 
carried the cadF and cdtABC genes. The virb11 gene on plasmid was detected in 13 strains from organic pigs. 
There was no significant difference between organic and conventional strains (61 isolates) for adhesion (χ2, 
p=0.523) and for invasion (χ2, p=0.590) on Caco-2 cells But strains with the virB11 gene have significantly a 
higher invasive capacity (χ2, p = 0.040) (Figure2 A and B).

Figure 2: dispersion of strains according their percentage of adhesion (A) and invasion (B) and the absence or presence of the virB11 gene.

Discussion

The greatest genetic diversity in organic pigs may be related to the access of pigs to an open area leading 
the opportunities to encounter Campylobacter from wildlife. Wild animals can excrete Campylobacter and birds 
play an important role in terms of prevalence and transmission of this bacterium (Greig et al., 2015). Common 
genotypes between organic and conventional could indicate that these genotypes are adapted to pigs; the other 
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genotypes corresponding to genotypes specific to the farms of the pigs and not to the type of production. Some 
of our results on antibiotic resistance are similar those obtained in other studies carrying on organic or antibiotic-
free animal production. Thakur and Gebreyes (2005) obtained a lower resistance for TET and ERY for their C. coli 
in pig production without antibiotic. Moreover, multi-resistance was greater in conventional pig production. Less 
CIP-resistant Campylobacter jejuni strains were also obtained in antibiotic-free chicken products (Price et al., 
2005). Restricted use or absence of antibiotic has therefore an impact on antibiotic resistance of Campylobacter. 
No difference for the virulence was observed between organic and conventional strains. The high prevalence of 
virulence genes was already described in other works on C. coli (Wieczorek and Osek, 2013), although ciaB gene 
was found in only 20% of the C. coli strains of Acik et al., (2013). Only 7% of our strains have the virB11 gene as 
described before (Acik et al., 2013, Wieczorek & Osek, 2013). This gene is involved in the invasion (Bacon et al. 
2002) and we observed that our strains with this gene had a greater invasive capacity than other. 

Conclusion

No impact of the type of production was observed on the genetic diversity and virulence of our Campylobacter 
strains. The lower level of antibiotic resistance and multiresistance of C. coli strains for organic pigs may be related to 
the restricted use of antibiotics in this production and / or colonization of organic pigs with susceptible environmental 
strains. However, although significantly different or not between the two productions, the percentage of strains 
with resistance in organic pigs remain in some cases relatively high. These pigs are therefore able to bring in the 
food chain bacteria resistant to antibiotics. The high prevalence of most virulence genes and the same pathogenicity 
capacity, whatever the type of production, suggest that these pig strains have the ability to infect humans.
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Residual contamination detection and serovar distribution of Listeria monocytogenes 
isolates in pork slaughterhouse and cutting facilities in province of Quebec. 
Neira, K. (1); Cherifi, T. (1); Fournaise, S. (2); Surprenant, C. (3); Letellier, A. (1); Fravalo, P. (1)* 

Introduction

L. monocytogenes (L. mono) is recognised as a zoonotic foodborne pathogen. Its control is focused on the “Ready-
to Eat” food production level. Recently, Health Canada had reinforced its “Policy on L. mono in Ready-to-Eat Foods”, 
highlighting environmental surveillance and control of meat processing facilities as important risk reduction tools. The 
industry wants to improve its management of L. mono risk, taking into account previous steps of meat production. 
Nowadays, few information are available on the presence, distribution and types of strains in the environments 
concerning this pathogen in pork slaughterhouses and cutting facilities in Canada. Our objective was to detect and 
described residual L. mono contamination and analyse serovars distribution in different areas in the pork production 
continuum in and between slaughterhouses and cutting facilities in province of Quebec, during a one year period. Such 
data are a pre-requisite to achieve the optimization of the management measures by the industrials. 

Materials and Methods

Sampling: Four main slaughterhouses were involved, representing 60% of the volume of meat produced 
annually in province of Quebec. A total of 16 exhaustive samplings had been carried out in four different seasons 
in one year. Each sampling represented a total of 156 samples, they were distributed to characterise the different 
steps of the slaughter/cutting process: lairage (n=53), slaughter (n=18), carcass dressing (n=23), refrigeration 
(n=8) and cutting (n=54). A total of 2,496 samples were analyzed in the current study. All samples were performed 
after sanitation procedures and analysed following a sensitive bacteriological method. All samplings was 
performed on 900 cm2 surfaces, beginning with brushing, then wiping of target surfaces with D/E neutralizing 
broth moistened swabs, (DIFCO BD, Sparks, MD). L. monocytogenes detection, from environmental samples: 
The isolation of L. mono was performed according to a routine procedure validated against the Health Canada 
MFHPB-30 method. Primary enrichment started with a 48 h incubation at 30°C in a total of 100 ml University of 
Vermont medium 1 broth (UVM -1, Lab M, Heywood, United Kingdom). For second selective enrichment, 100 
µl from primary enrichment were transfered into 10 ml tubes containing Fraser broth (Lab M, United Kingdom) 
supplemented by Ferric Ammonium Citrate (Fraser, selective supplement, Lab M, United Kingdom) and were 
incubated for 48 h at 37°C. Both enrichments were streaked onto specific Listeria spp.  medium, Compass (Biokar 
Diagnostics, Rue des Quarante Mines, France) for 24h at 37°C. Presumptive L. mono colonies grown on Compass 
medium appeared as bluish colonies surrounded by a distinctive opaque halo. Two isolates were selected by 
sample in order to confirm the hemolysis activity (type β+) on sheep blood agar. Finally, biochemical analyses 
were performed using carbohydrates (xylose, mannitol and rhamnose) use in broths (DIFCO, BD, Sparks, MD). 
Multiplex PCR and agglutination based serotyping: All isolates were subjected to a multiplex PCR assay method 
to confirm the genus and species by amplification of prs and prfA genes, and at the same time genoserogrouping 
the strains into five molecular serogroups by amplification of four targeting genes lmo0737, lmo1118, ORF2819, 
ORF2110. A second PCR assay was conducted in order to detect flaA gene presence as described by Kérouanton 
et al. in 2010.  In addition, commercial O antisera (Denka, Seiken Co., Ltd, Tokyo, Japan) were used according to 
the manufacturer’s instructions to conclusive identification of strain the serotype.

Results 

Mean residual detection after one year survey was 10% (240/2,496 samples analyzed). The prevalence 
of L. mono over time revealed that, whatever the season considered, the residual contamination detection 
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was stable with 11% (52/468), 12% (55/468) and 10% (89/936) of positive results respectively in spring, 
summer and winter time, during the one year study. In the other hand, variability on detection distribution 
of L. mono among five different stages of production in four plants, was reported (See Graphic N°1). Chilling 
area has been proved to be the most susceptible to residual contamination, 18% (23 samples positives out 
of 128 samples analyzed), following with carcass dressing area, cutting area, lairage pens and slaughter with 
14% (50/368); 18% (23/128); 10% (89/864); 8% (68/848) and 3% (10/288), respectively.. Further analysis 
were carried out with the purpose to determine if residual contamination frequencies were different 
according to ‘‘in contact or not with carcass” for the sampled surfaces at slaughterhouse environments.

From a total of 240 positive samples distributed in the environments, 64% corresponded to ‘‘not in 
contact with carcass surfaces”, whereas 36% to susceptible to enter in contact with carcass or meat surfaces. 
Additionally, among all ‘‘not in contact with meat surfaces’’, the floor represented the most frequently 
contaminated site: 79% (122/154). Others were more sporadically implicated: walls 12% (18/154), doors 
3% (5/154) and ceilings 3% (4/154). In relation to ‘‘surfaces with carcass contact’’, positive samples 73% 
(63/86) were seen from several sites of the entire cutting lines as conveyor lines, equipment, saws and 
cutting boards. The cutting line had so been considered the most representative place to sample. Analyses 
of detection in environmental samples on surfaces without contact with carcass revealed that chilling floor 
31% (10/32) is more able to reflect residual contamination, followed by dressing carcass 21% (20/96) and 
cutting areas 16% (13/80). See Graphic N˚ 2. 

Moreover, detection on surfaces in contact with carcass at cutting line were in first place the saws (a 
carcass cutting tool), 19% (6/32), followed by conveyor for 14% (21/80). It should be noticed for conveyors 
that above and below sides shown the same detection rates, 13% (21/160) and 12% (19/160) respectively.

 See Graphic N°3.

Analysis of L. mono detection by slaughterhouses showed strong inter-plant differences. The highest rate 
was shown for the plant C 16% (96/624). Otherwise, plant D represented the lesser residual detection rate 
5% (32/624). See Graphic N°4.

This high rate for plant C was due to higher prevalences on lairage pens, carcass dressing and chilling 
areas, 16% (33/212), 29% (27/92) and 31% (10/32), respectively. Conversely, residual detection at plant D in 
chilling area was 0%. See Graphic 5.

In the other hand, this study revealed a high diversity of serotypes among isolates. Mainly, L. mono 
strains were of serotypes 1/2a (IIA), 1/2b (IIB), 1/2c (IIA) for 35% (83/240), 31% (74/240) and 17% (40/240), 
respectively. And lower contribution for 1/2c (IIC), 4c (IVA), 4b,4e (IVB), 1/2a (IIC), 3a (IIC), 3b (IIB) and 3a 
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(IIA) being 5% (13/240), 4% (10/240), 3% (8/240), 2% (4/240), 2% (4/240), 1% (3/240) and 0.4% (1/240), 
respectively, was noticed. A more detailed examination of serotype distributions, plant by plant, revealed 
that at plant A, 2 different recurrent serotypes (IIA, 1/2a and IVA, 4c) were identified, both at first and 
third visits, on the lairage pen floor (animal reception area). Slaughter and carcass dressing areas, at these 
two visits cases did not presented L. mono residual contamination. Moreover, we found a single repetitive 
serotype (IIA, 1/2c), at 3 different occasions on the floor at chilling area. At cutting area, continuous residual 
contamination by the serotype (IIA, 1/2a) was detected as well on environmental samples (floor and 
column), as on surfaces in contact with carcasses or meat like conveyors (onto both sides). See Table N°1. 
A quite different situation emerged for plant B, where repetitive serotypes were not found at lairage pens, 
slaughter or chilling areas. Conversely, at carcass dressing area a repetitive serotype (IIB, 1/2b) was found 
in dorsal splitter machine at two visits. The cutting area reported two recurrently positive sites: conveyors 
and saws (surfaces in contact with meat), both serotype IIA, 1/2a, for residual contamination over three 
continuous visits. See at Table N°1.

Table 1. Repetitive (more 2 times) L. mono isolates, Serogroups and Serotypes in the lairage pens, slaughtering, 
carcass dressing, chilling, and cutting areas of 4 slaughterhouses

Stages Plants
Sampling visits

Sites
1 2 3 4

Lairage
pens

A
4, (IIA, 1/2a) - 6, (IIA, 1/2a) -

floor
8, (IVA, 4c) - 10, (IVA, 4c) -

C 2,(IIB, 1/2b) 1,(IIB, 1/2b) 2,(IIB, 1/2b) 54, (IIB, 1/2b) floor

D 4,(IIA, 1/2a) 6, (IIA,1/2a) 4, (IIA, 1/2a) floor

Slaughter C - - 2, (IIB, 1/2b) 4, (IIB, 1/2b) floor

C a r c a s s 
dressing

B 2, (IIB, 1/2b) - 2, (IIB, 1/2b) - dorsal splitter machine

C

- 2, (IIB,1/2b) 2,(IIB, 1/2b)
anus (bung)
 dropper floor

2, (IIA, 1/2c) - 1, (IIA, 1/2c) dorsal splitter floor

1, (IIA, 1/2c) 1, (IIA, 1/2c) - - inspection floor

- 2, (IIA, 1/2c) 1, (IIA, 1/2c) -
veterinary inspection floor

- - 1, (IIB, 1/2b) 2, (IIB, 1/2b)

Chilling

A 1, (IIA,1/2c) 1, (IIA, 1/2c) 2, (IIA, 1/2c) - floor

C
3, (IIA, 1/2a);
1(IIA, 1/2c)

1(IIA, /2a);
1(IIA, 1/2c)

- -
floor

Cutting

A

4, (IIA, 1/2a) 2, (IIA, 1/2a) 2, (IIA, 1/2a) - floor

2, (IIA, 1/2a) 4, (IIA, 1/2a) - - column

2, (IIA, 1/2a) - 2, (IIA, 1/2a) 1, (IIA, 1/2a)
conveyor line  
(above, below)

B
5, (IIA, 1/2a) 6,(IIA,1/2a) 3, (IIA, 1/2a) -

Conveyor line 
(above, below)

2, (IIA, 1/2a) 1, (IIA, 1/2a) 2, (IIA, 1/2a)  saws

C

1, (IIA, 1/2c) 1, (IIA, 1/2c) - - cutting boards

2, (IIA, 1/2c) 2, (IIA, 1/2c) - - conveyor line 
(above, below)- 2, (IIA, 1/2a) 4, (IIA, 1/2a) -

Concerning plant C, one recurrent serotype (IIB, 1/2b) was detected on lairage pens area, on floor, over 
the four continuous visits. Furthermore, the same serotype was found on floor of slaughter area at two 
different occasions. At carcass dressing area, two different recurrent serotypes were isolated, the IIB, 1/2b 
(detected on bung dropper and veterinary inspection floors), and the IIA, 1/2c. This last was seen from 
dorsal splitter and veterinary inspection floors, both over two visits. At chilling area two recurrent serotypes 
were identified, (IIA, 1/2a and IIA, 1/2c), on floors at two visits. In addition, at cutting area, three different 
repetitive serotypes were found on surfaces with carcass contact (as cutting boards (IIA, 1/2c) and on 
conveyor line (IIA, 1/2c and 1/2a)), all of them at two different visits. Finally, for plant D, only at lairage pen 
could be seen one recurrent serotype (IIA, 1/2a) on floors, over 3 continuous visits.

Discussion 

Our results, obtained after cleaning operations, shown us that residual contamination was 10%. Similar 
rate were reported by Chasseignaux et al. in 2002, and Ortiz et al., in 2010. They observed low residual 
contamination in pork meat processing plants and slaughterhouses (2.5% and 9%, respectively).  High 
prevalence of L. mono was seen by these authors on surfaces not in contact with carcass or meat, such 
as floor drains. They proposed that unsatisfactory sanitary procedures were involved, which enable the 
persistence of the so call resident ‘‘house strains’’ (8). In the present study, hilling areas showed the highest 
prevalence and residual L. mono contamination with recurrent serotypes could be found, but often different 
from those detected on previous or further steps of the production. Our results contrast with previous 
findings by Lariviere-Gauthier, et al. in 2014 in Quebec where 40% of positive results were obtained in 
one plant. Nesbakken et al. in 1996 indicated that chilling and cutting areas significantly increased the 
contamination of pork meat, reporting (71-100%) of prevalence. The different serotypes we found at these 
two places indicated that the situation differ in our study. But impact on meat contamination was not 
assessed. With the multiplex PCR-based serotyping method we used, high presence of three predominant 
serotypes: 1/2a, 1/2b and 1/2c was seen. These results were in accordance with previous findings reported 
by Giovannacci et al., in 1999.  Importance of serotype 1/2a is increasing in the epidemiology of listeriosis in 
France (6). Different situation appears in Quebec, Canada, were database from LSPQ (Laboratoire de Santé 
Publique du Québec) reported frequent highly pathogenic 4b strains in human surveillance cases. (5). Such 
4b serotype isolates were sporadically detected in our study. Further typing is required before to be able to 
consider this in a public health perspective.

Conclusions

L. mono is present and distributed in all areas of slaughtering and cutting process among four 
slaughterhouses over one-year study in Quebec. Each plant revealed different contamination level among 
4 visits during one year period.  We cannot suggest that chilling and cutting areas are a significant cause of 
meat contamination as amplified stage. Further analysis is needed to confirm the frequency of circulation 
of single strains among slaughterhouses. 
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Toxoplasma prevalence in Dutch slaughter pigs in the period 2012-2014
Swanenburg, M*(1), Jan Boender, G(1), Heres, L.(1), Koeijer, A(2), Wisselink, H.(1)

Abstract

Toxoplasma gondii has frequently been named as one of the most important foodborne pathogens, in terms 
of its impact on human health. EFSA advised to include serological testing of pigs on T. gondii infections and 
audits of pig farms on risk factors for T. gondii infection (EFSA, 2011). In order to generate knowledge about the 
epidemiology and prevalence of T. gondii infections in pig herds we studied the long term seroprevalence on farms, 
persistence of infection and variation in results between and within farms. Sera which were routinely taken in 
Dutch pig slaughterhouses in the Netherlands for the serological monitoring of Mycobacterium avium infections 
in pigs (Hiller 2013) were also tested for anti T. gondii antibodies. Results of 120,666 sera, collected from January 
2012 until August 2014, showed an average of 2% serological prevalence in pigs. Pigs from organic farms had a 
prevalence of 3,6%. Farm prevalence was much higher, ranging from approximately 30% for conventional farms 
to 90% for organic farms. Pigs delivered to the slaughterhouse during winter months had a higher prevalence 
than pigs delivered during summer months.It could be concluded that serological monitoring can be very useful 
in detecting farms infected with T. gondii. A test cut off of 20PP was the most appropriate.

This project received financial support from TKI Agri&Food and VION Food Group.

Introduction

To control Toxoplasma gondii infections, intervention measures can be taken in the animal reservoir. Research 
showed that prevalence of T. gondii infections in pig was related to management on farms (Kijlstra, 2004). The 
number of pigs with antibodies against T. gondii in free-range farms was larger than on farms where pigs are 
kept indoors only. The risk for T. gondii in pigs has also been associated with the presence of cats, occurrence 
of rodents and the degree of cleaning and disinfection. A change of management aimed at reducing these risk 
factors could thus contribute to the reduction of T. gondii infections in pigs. The European Food Safety Authority 
has proposed epidemiological indicators for controlling T. gondii infections in pigs and safeguarding it in the pork 
meat chain (EFSA 2011). The instructions can be used by pig farms and slaughterhouses to prepare a package 
of measures depending on the risk for a T. gondii infection. The measures advised by EFSA include serological 
testing of pigs on T. gondii infections and audits of pig farms on risk factors for T. gondii infection. However, the 
ideas of EFSA are abstract, not tested and not yet translated into working systems. Moreover, serological tests 
were developed and validated but not prepared for use in a system to control T. gondii infections. Until now, no 
long-term serological studies have been carried out in slaughter pigs to look for antibodies against T. gondii. To 
generate knowledge about the epidemiology and prevalence of T. gondii infections in pig herds we studied the 
long term seroprevalence on farms, persistence of infection and variation in results between and within herds. 

Materials and methods

Serum samples which were routinely collected in 5 slaughterhouses in the Netherlands for the serological 
monitoring of Mycobacterium avium infections in pigs (Hiller 2013) were also tested for anti T. gondii antibodies. 
At every delivery (a group of pigs from the same farm, delivered on the same date to one slaughterhouse) of 
pigs, blood samples were collected randomly from pigs during bleeding. Per delivery, 1, 2 or 6 samples were 
collected (criteria for the number of pigs sampled were based on the M. avium monitoring system). For the 
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analysis in this paper we used sera collected from January 2, 2012 until August 13, 2014.

In the laboratory at the Animal Health Service, sera were tested for the presence of antibodies against 
Toxoplasma by the PrioCHECK Toxoplasma Ab porcine ELISA (Thermo Fisher Scientific Prionics Lelystad B.V.) 
according to the manufacturer’s instructions. Test result is presented in PP (percentage positivity). PP is 
calculated as follows: PP = (ODsample-ODnegative control)/(ODpositive control-ODnegative control)*100.We 
used a cut off percentage of 20% (results ≥20% were considered positive), as advised in the test manual. 
Serological results were recorded in a data file, which contains, amongst others, the following information: 
UBN (unique farm number), slaughter date, PP (percentage positivity), test result (0 or 1, negative or positive), 
quality code (the quality program that a farm is in). The original 37 different quality codes were clustered in 
five so called “quality labels” (organic, intermediate, welfare, Belgian and other). Total number of farms that 
delivered pigs, number of deliveries of pigs that were slaughtered and total number of samples collected 
during the total study period per quality label and per year were counted. Mean PP’s were calculated. A 
frequency distribution of the results in PP for all samples was made. The prevalence of positive farms, positive 
deliveries and positive samples was calculated per quality label. A positive farm was defined as a farm from 
which at least 1 sample had a positive test result in the study period. The Wald-Wolfowitz run test was used to 
test if test results were random or if a pattern could be found in the results of successive deliveries from one 
farm. In this test, the null hypothesis is that the series of zeros and ones is random from a distribution. If the 
“ones” are clustering, this test will result in a small probability and the null hypothesis will be rejected. 

Results

During the total study period 3070 farms delivered pigs to the slaughterhouses. In total 120,666 samples from 
96,711 deliveries of pigs were collected and tested during the study period. The average number of samples per 
delivery was 1.2, which ranged from 1.0 per delivery for the intermediate label to 5.0 per delivery for organic farms. 
Figure 1a and 1b show the frequency distribution of the serology results in PP for the whole testing period. Most 
samples had a result between 0 and 12 PP, but a very long “tail” with results up to PPs of almost 400 was present. 

Figure 1a (left): Distribution of serology results for results with PP≤ 30 for the whole period  
Figure 1b (right): Distribution of serology results for results with PP> 30 for the whole period

Table 1 shows the results per quality label in PP. It is obvious that the mean result for samples from 
organic farms was higher than for the other quality labels, although the range of the results within each 
label was wide. It can be seen that in all cases the median result was lower than the mean result, which 
follows from a low number of very high scoring results (see also figure 1b), that raise the mean. For all 
quality labels, the mean result was lowest in 2013 and highest in 2014.  This trend can also be seen in figure 
2, that shows the prevalence of positive samples per month, based on a test cut off of PP 20.

Table 1: Test result in PP per delivery per year per quality label.

Label Year Median Mean 95% confidence interval

Organic 2012 5.24 7.96 0.90 - 36.89

2013 4.90 7.08 1.32 - 33.60

2014 6.43 8.39 2.60 - 32.40

Intermediate 2012 3.79 5.66 0.03 - 16.30

2013 3.30 4.64 -0.45 - 15.16

2014 5.00 6.65 0.50 - 19.50

Welfare 2012 3.97 5.48 0.34 - 16.64

2013 3.25 4.66 -0.39 - 15.60

2014 5.00 6.62 0.40 - 18.10

Belgian 2012 4.08 6.27 0.47 - 20.52

2013 3.50 4.94 -0.20 - 15.60

2014 5.40 6.63 1.00 - 19.00

Other 2012 3.96 5.92 0.25 - 16.84

2013 3.48 5.74 -0.31 - 18.82

2014 4.90 6.97 0.00 - 18.00

Figure 2: Prevalence of positive samples per month, based on a test cut off of PP 20; period January 2012 until August 13, 2014.

Prevalences of positive farms ranged from 27% in Belgian farms to 90% in organic farms. Overall sample 
prevalence was 2,0%, ranging from 1,7% in samples from welfare and intermediate farms to 3,6% in samples from 
organic farms. We found that most organic farms were positive, but the within farm prevalence was not very high.  
In the Belgian farms we also found a higher prevalence in samples, but this coincides with a low farm prevalence. 
Here, a few farms with a high within-farm prevalence must have caused the higher prevalence in samples. Figure 
2 shows there was a seasonal variation in the prevalence of positive samples per month. The prevalence seemed 
to decline in autumn. The Wald-Wolfowitz runs test for randomness of results of successive deliveries from one 
farm resulted in a p value of 0.016, which meant the null hypothesis was rejected and there was some kind of 
persistence in test results of deliveries from one farm. Farms could be divided into three categories: 1. (Always) 
negative farms; these farms had a probability of 2% to be found positive in one of the following months. 2. Farms 
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that were positive only in winter months; in summer months these farms carried the same risk as any of the 
negative farms from category 1. 3. Farms that were positive during summer and winter months; these farms had 
a year round higher probability (6% per delivery) to be found positive in the next months.

Discussion and Conclusions

Serological prevalence in all samples was low (2%), whereas prevalence of positive farms (at least one 
positive sample from that farm) was much higher, ranging from 27% of the Belgian farms to 90% of the organic 
farms. The high prevalence of positive organic farms does not mean that the within farm prevalence in organic 
farms was also high. When selecting farms with high within farm prevalence for a case-control study, only one 
organic farm was selected. Most farms with a high within farm prevalence were from the welfare label. 

For this project, a positive farm was defined as a farm with at least one positive sample in the whole 
study period. This means that farms, from which more than one sample are collected per delivery, like 
organic farms, or with many deliveries, theoretically have a higher probability to become a positive farm. 
Therefore, the farm prevalence was perhaps higher for some quality labels with more frequent deliveries 
per farm. This effect does not extend to the sample-prevalence. The mean sample PP was highest in 2014 
and lowest in 2012. It is not known if this is caused by natural variation or represents a trend. Possible 
explanations are to be found in the test or control samples, different weather conditions per year, different 
farms that have delivered, changes in the rodent densities, etc. 

A very interesting result was finding that positive farms showed different seasonal patterns in persistence of 
positivity. Part of the positive farms only delivered positive pigs in winter, and were serologically negative during 
summer months, whereas other farms delivered positive pigs the whole year around. In the next stage of this 
project, we will analyse this aspect in combination with a case-control study to see if there are risk factors for 
being a “summer positive” or a “winter positive” farm, for example quality label, farm size, delivery pattern, etc. 

Furthermore, we hope to get more insight into why more farms/pigs are serologically positive during 
winter months. Is this caused by a recent infection? Or were these pigs already serologically positive during 
the last months of their lives, and did they become infected in the end of summer or autumn?

Conclusion

It could be concluded that serological screening of pigs in the slaughterhouse is a suitable method to 
divide pigs farms in high risk and low risk farms. The results of this work will be used as an input for a case 
control study and for developing surveillance scenarios. 
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Assessing and understanding food safety risk practices in Nairobi pork food 
system: a value chain approach
Murungi, M.K.1, Muinde, P.1, Akoko, J.1, Rushton,J.2, Fèvre, E.M. 4, Dominguez-Salas, P. 1,2,3, Muloi, D.4, Häsler, B. 2, Alarcon, P. 2*

In Nairobi the pork food system may represent a major source of zoonotic pathogens. Yet, the  
system and its public health risks have not been described. The study address this gap by identifying and 
understanding food safety risks practices in the Nairobi pork food system using a value chain approach.

A cross-sectional study of the Nairobi pork system collected data through focus group discussions and 
 individual interviews with farmers, traders, abattoir owners, large companies’ managers, retailers, 
government officers and consumers. Data were analysed to identify, describe and quantify the main pork 
chains, their food safety risk practices and explore their link with chain governance, distribution of benefits 
and barriers to improving the system. 

Main food safety risk practices for ‘city pig keepers’ were: handling and consumption of sick pigs; and swill 
and scavenging feeding. Pigs in slums were channelled directly to consumers and butchers or through less  
integrated markets. In ‘less integrated abattoirs’, risk practices were: lack of traceability, cold chain and 
adequate cleaning and sterilising practices and equipment. These, with chains of pork from on-farm 
slaughtering, governed the lower end market. One ‘large integrated company’ accounted for 83.6% of pork 
marketed through abattoirs and governed the high-end market where barriers to improvements were less. 
Among retailers, there was a lack of hygiene due to poor infrastructure, scarcity of water and deficient 
cleaning practices. Poor profit margins and unequal benefit distribution in the lower-end market hinder 
investments in infrastructure, cold chains and human capacity building and make it difficult to meet feeding 
and animal health costs.

This study identified the main food safety risk practices and the people involved in risk-taking activities in 
the Nairobi pork system. The understanding obtained on chain governance, barriers and system inequalities 
associated to these risks provide a foundation to design effective control strategies.
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Decontamination on pork carcasses: qualification of thermic treatment by 
thermal imaging 
Le Roux,  A.*;  Lhommeau, T. ; Péran, T.; Monziol, M. ; Minvielle, B.

Abstract

Singeing improves the visual quality of rind in pig slaughterhouses. In addition, the thermic inactivation 
allows the bacterial contamination of carcass surfaces to be reduced. However, the thermal image of pig 
carcasses shows temperature differences along the carcasses.

The objective of this study was to develop a method to analyze a thermal image. After defining an imaging 
protocol adapted to pig slaughterhouses, image analysis was carried out with the free software: ImageJ©. 
Three methods were developed in order to preserve the spatial arrangement and time information for 
each measurement: (1) Method by line profile, (2) Method by mouse over, (3) Method by mouse over and 
line profile. Moreover, the method had to be simple and accurate. After a statistical comparison (mean, 
variance, distribution) between the three methods on 20 carcasses, the method by line profile was validated 
to analyze the characteristics of heat treatment in four pig slaughterhouses during process.

This validated method of image acquisition and analysis was a tool used to measure the temperature 
variability on carcasses. The reference temperature was the temperature of carcasses after 90 minutes of 
continuous process. This method confirmed temperature differences on carcass surfaces (the top part of 
the carcass is warmer than the bottom part within a range of 2-7°C) and within a production day; the lowest 
temperatures were observed when the process started or re-started (after breaks), on average 4°C. These 
temperature variations along the working day were observed in every slaughterhouse studied. Bacterial 
contamination was evaluated on carcasses prior and following singeing for two heating settings. Results 
were similar to the literature (reduction of 3 Log10 CFU/cm² of the Aerobic colony counts).

With this pragmatic method, companies could have access to a measurement tool not only for 
characterizing, checking, optimizing and qualifying the efficiency of singeing, but also for investigating all 
thermic treatments on meat in slaughterhouses.

Introduction

The control of hygiene in slaughterhouses is essential for assuring the safety of carcasses and cuts. The 
level of carcass contamination at the end of the slaughter line depends in particular on a process control 
like singeing. On the slaughter line, singeing assures the visual quality of rind by the destruction of residual 
hairs after scalding but singeing also has a bactericidal effect by thermal inactivation (Rahkio et al., 1992; 
Pearce et al., 2004). Dehairing is well known to increase cross-contamination (Bolton et al., 2002; Gill and 
Bryant, 1992; Pearce et al., 2004; Rahkio et al., 1992), so using a second singeing system after dehairing 
(Minvielle et al., 2005) reduces the level of carcass contamination. However, singeing is very gas-consuming 
representing 30% of pig slaughterhouse gas consumption (Chevillon, 2008). Furthermore, two recent studies 
have confirmed the importance of singeing for the control of Salmonella presence (Delhalle et al., 2008; 
Richards et al., 2009). In the latter study a thermal camera was used to show that the temperatures along 
the carcass were not uniform and detected ‘cold’ spots without thermic decontamination. The effectiveness 
of heat treatments in slaughterhouses and cutting rooms as corrective measures for bacterial reduction 
has been shown (Le Roux et al., 2008a, 2008b). Nevertheless for these two studies, it was not possible to 
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measure the temperature of treated surfaces, due to the lack of appropriate equipment. 

The aim of this study was to evaluate the possibilities of a thermal camera for qualifying, validating and 
possibly optimizing the singeing. The thermal camera seemed to be the best suited method for accurate 
temperature measurements over large areas.

Material and Methods

The thermal imaging camera used was a FLIR TOOL E60© which allows the temperature of a large surface 
to be measured precisely (± 2°C) in an innovative and non-invasive way. Firstly, the study consisted of 
developing a repeatable method for image acquisition in pig slaughterhouses. Thermal images were taken 
after removal from the singer (between 5 and 8 seconds) with the distance and camera angle controlled. 
In addition for each image, relative humidity and ambient temperatures (TESTO 400©) were recorded and 
the distance between the camera and the carcass were measured by ultrasonic range finder. Emissivity 
was taken as 0.98. Lastly, the time between the last flame on the carcass and the imaging was noted. For 
evaluating the temperature during process at each period, thermal images of twenty carcasses were taken. 
The periods were: start activity, restart after a break and every fifteen minutes during activity. This image 
acquisition protocol was carried out twice in four French pig slaughterhouses. 

Secondly, image analysis was carried out with the free software, ImageJ©. Three methods were 
developed in order to preserve the spatial arrangement and time information of each measurement: (1) 
Method by line profile, (2) Method by mouse over, (3) Method by mouse over and line profile. The method 
had to be simple and accurate.

Finally, this validated method was used for comparing two heating settings in a slaughterhouse alongside 
a bacterial contamination evaluation on carcasses prior to and following singeing. The thermal camera was 
positioned upon removal of the carcasses from singer 2 and the thermal snapshot was captured with a 
visual cue, 8 seconds after. Two heating settings were tested: (A) Singer 1 and 2 triggered by the arrival of the 
carcass; (B) Singer 1 on arrival and Singer 2 continuously in operation. In parallel, bacterial contamination 
was evaluated on 30 carcasses prior to and following singeing.

Carcasses were sampled by swab (100 cm²) (Figure 
1) prior to and following singeing. To enumerate 
Aerobic colony counts (ACC), diluted stomachates were 
inoculated on PCA for 48h at 30°C (NF ISO 4833-1) and 
for Enterobacteriaceae (ENT) on VRBG for 24h at 30°C 
(NF V08-054). The OXOID alternative method (UNI 
03/06-12/07) was used for Salmonella detection (SAL).

Means of bacterial reductions (log10cfu/cm²) for each treatment were calculated on 30 carcasses.

Results

Following imaging, a selection of usable thermal images were required for all the periods studied.  
This selection consisted of the removal of inaccurate images (carcass orientation problem or incorrect 
thermal image acquisition timing). Image analysis begins with an image reformatting step in order to obtain 
temperature measurement images. After a statistical comparison (mean, variance, distribution) of each 

Figure 1: 
Sample 
carcasses.

Swabbing (100cm²) 
after treatment 
(after singer 2)

Swabbing (100cm²) 
prior to treatment
 (before singer 1)

method on 20 carcasses, the method by line profile was validated and the results show that a set of 5 
carcasses were sufficient for the analysis of characteristics of heat treatment in four pig slaughterhouses 
during process (Lhommeau et al., 2015). For the line profile method, a standard line (manually positioned 
and fixed-size) was drawn on the back of each carcass from the tail to the neck, and the surface temperatures 
from this segment were analyzed (Figure 2).

 

 

 

Thus, a temperature gradient was observed 
from the top to the bottom of each carcass. 
This gradient is due to the position of the gas 
burner, the carcasses conformation and the heat 
convection effect. On re-start (after breaks), 
an average 15-minute delay was observed in 
the four slaughterhouses in order to attain the 
reference temperature (90 min without break). 
This method confirmed some variability on 
carcass surfaces (the top part being warmer 
than the b ottom part within a range of 2-7°C) 
and within a production day; the lowest 
temperatures were observed when the process 
started or re-started (after breaks), differences 
recorded were around 4°C. This variability was 
also observed between slaughterhouses. 

Then, two singeing settings were evaluated in a slaughterhouse by imaging eight seconds after removal 
from the singer and in parallel, carcass sampling. 

The image analysis line was applied on the 
sampling site (mid-spine to neck) for calculating the 
mean temperature (Table 1). The two means were 
not significantly different using Students’ unpaired 
t-test (SAS 9.2).

Table 1
Means of temperature by treatment
 

Treatment Means  (ET)

A 51,70 (1,2)

B 51,95 (2,4)

Table 2
Means (log10 CFU/cm²) of ACC according to prior and after 
treatment

Treatment Prior After Reduction

A 6,23 3,21 3,02

B 6,4 3,17 3,23

The effectiveness of decontamination is the 
difference between pre- and post-treatment.

The reductions of ACC by the treatments were not 
significantly different using Students’ paired t-test 
(SAS 9.2). 

Figure 2: Mean temperatures (5 carcasses) observed in a 
slaughterhouse at different times during the process. 
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When comparing the contamination in classes of ENT 
before and after treatment, the level after treatment was 
significantly lower than before for the two treatments 
A and B by chi-square test (SAS 9.2). For Salmonella 
detection, positive samples prior to A and B treatments 
were at 13% [4-30] and 0% [0-12] respectively. After 
treatments A and B, Salmonella was not detected.

Table 3
Means (log10 CFU/cm²) of ENT according to prior 
and after treatment

Treatment Prior After

A 1,73 *

B 1,45 *
* All of the Enterobacteriaceae counts were below 
the sensitivity limit (1 CFU/cm²).

Discussions

The aim of the project was to develop a method for image acquisition in pig slaughterhouses and an 
image analyzing method for characterizing singeing. The method by line profile was simple and accurate. The 
temperature differences observed over time (increase/decrease) were related to several factors: variability 
of the system functioning, a few minutes production shutdown, conformation of carcasses, gas quality, etc. 
Concerning the effectiveness of bactericidal action of singeing, the results were similar to the literature 
(Pearce et al., 2004; Le Roux, 2008b; Minvielle, 2005). By using a thermal camera, industry can manage 
heat delivery on the carcasses for new singeing settings and if some important temperature differences are 
observed, the bactericidal action can be measured by carcass swabbing.

Conclusion

In this study, a method of image acquisition and analysis was developed. So, companies can now access a 
measurement tool for characterizing, optimizing, qualifying or checking the efficiency of singeing. This tool 
can be used to characterize any thermic treatments in the meat industry: thermic treatment, refrigeration, 
freezing, thawing. Companies could define the most appropriate treatment regarding energy reduction, 
quality and food safety requirements. 
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Design of a Risk based Control System for Toxoplasma gondii in a pork supply 
chain 
Heres L.(1)*, Swanenburg M.(2) , de Koeijer A. A.(2), Boender G.J.(2), Oorburg D. (1), Urlings B. (1) , Wisselink, H (2).

Toxoplasma gondii is recognized as one of the major foodborne pathogens. The European Food Safety 
Authority (EFSA) concluded that T. gondii is one of the public health hazards in pigs to be covered within a 
modern meat inspection and advised to include serological testing of pigs and audits of pig farms to control 
T. gondii. A project is presented that develops a framework where this idea is practically implemented in a 
pork supply chain.

The aim of the program is to reduce the contribution from the pork chain to the human toxoplasmosis 
disease burden.

In the pilot at least one blood sample per batch at delivery at the slaughterhouse is tested with a 
Toxoplasma Elisa. With this screening 20 (1%) high risk herds were identified. These high risk farms and their 
controls, 2 per high risk farm, were followed up. More samples of risk farms and their controls were collected 
to get a better estimate of the within herd prevalence and to follow the development of serology over time. 
Additional MC-PCR was performed on hearts of pigs from these herds to confirm presence of infection, 
tissue cysts. Also farm assessments were done to verify the presence of risk factors at the identified farms. 

In the first farm where hearts were tested by PCR the presence of toxoplasma tissue cysts was shown. 
The results give insight in how risk based approaches with food chain information (FCI) for animals sent to 
slaughter could work, by substantiating how risk herds can be practically identified and which interventions 
are feasible. The results are discussed in the perspective of human health risks.

Introduction

In humans, in the majority of Toxoplasma cases the course of infection is asymptomatic (Fricker-Hidalgo 
et al., 2009). When a woman is primarily infected with Toxoplasma during pregnancy, the parasite can cause 
congenital toxoplasmosis. This can lead to abortion, central nervous system abnormalities or subclinical 
infections at birth with the possibility to develop visual disorders later in life (Jones et al., 2003).

The integrated public health impact is globally considered to be very high (Torgerson et al., 2013). In the 
USA, T. gondii ranked third out of 14 foodborne pathogens (Batz et al., 2012) and in the Netherlands ranking 
T. gondii as the first among 14 enteral pathogens examined (Havelaar et al., 2010). Raw or undercooked 
meat is a major risk factor for infection with T. gondii, and 30-63% of infections in pregnant women could 
be attributed to meat consumption (Cook et al., 2000). Viable T. gondii have been isolated from tissues and 
meat of pigs infected with T. gondii (Dubey, 2009). 

Prevalence of T. gondii infections in pigs is related to farm management (Kijlstra et al., 2004; Van der 
Giessen et al., 2007). The risk for T. gondii in pigs has been associated with outdoor access, the presence 
of cats, the occurrence of rodents, and the degree of cleaning and disinfection. A change of management 
aiming to reduce risk factors may contribute to the reduction of T. gondii infections in pigs. 

All pigs must be inspected ante and post mortem during slaughtering. Food safety hazards that are 
currently identified to be of major importance for pigs (Salmonella, Yersinia, and Toxoplasma) cannot be 
controlled by visual inspection. Therefore, alternative methods using serological methods or management 
measures on the pig farm need to be implemented. 
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The European Food Safety Authority (EFSA) published an opinion on the modernization of meat inspection 
toward a risk-based system (EFSA, 2011). In this opinion, EFSA proposed harmonized epidemiological 
indicators (HEI) to control T. gondii infections in pigs. The measures include serological testing of pigs and 
audits of pig farms on risk factors for a T. gondii infection. In the EFSA proposal audits are done on farms 
with controlled housing and serological testing is done on farms with non-controlled housing.  

Goal of the present project is to evaluate a serological surveillance system for both controlled and non-
controlled housing systems.

Material and Methods

Monitoring of Toxoplasma was put on top of the surveillance implemented for Mycobacterium avium 
(MAA), which was already in place in the participating slaughter company (Hiller et al., 2013). In this system 
1 sample per delivery is collected from herds with a low MAA risk, and 6 samples from herds with a higher 
risk. From organic farms routinely 6 samples are collected for serological testing on toxoplasma. Testing 
for toxoplasma started in 2012. Samples were tested with the PrioCHECK Toxoplasma Ab porcine ELISA 
(Thermo Fisher Scientific Prionics Lelystad B.V.) according to the manufacturer’s instructions.

To identify herds at risk for Toxoplasma, cut offs need to be set to define high and low risk herds. Based 
on collected data the cut off will be re-evaluated. As a starting point high risk herds have a within herd 
prevalence of 15% or higher. Farms with a within herd prevalence below 5% are low risk farms.

From one high risk farm 50 hearts were collected in November 2014. Eight hearts, having the highest 
serological response, were tested with MC-PCR (Opsteegh, 2010)

From 7 high risk herds at one delivery a large part of the delivery was sampled at bleeding in the 
slaughterhouse In Summer 2015. The samples were tested according standard procedures.

A questionnaire was set up to verify the absence and presence of risk factors. High risk and low risk farms 
were visited. The inventory was on biosecurity, including presence of cats, rodent control, and questions 
related to feed sources including whey. During farm visits the respective questions were visually checked. 

Results

The summary of results in figure 1 shows that with the routine testing more than 3000 samples were 
analyzed per month. On average 2% of the samples was positive. The prevalences were a little higher in 
winter, in the last winter of 2014/2015 a significantly higher peak was seen, with 6% positive samples in 
January 2015.

Figure 1: results of Toxoplasma surveillance in slaughter pigs; numbers of collected samples and proportion of positive samples per 
year and month.

 

At January 1st, 20 and 60 farms could be defined as high risk farms based on respectively the last 60 and 

last 20 samples. The 20 high risk farms represented 1,2% of all herds, and 11% of all positive samples. The 
1504 low risk farms (84%) represented 48% of the positive samples.

Visits of the high risk farms are ongoing. The preliminary evaluation shows that at high risk farms rodent 
control is less well performed and many of these farms have outside bulk storage of some feed constituents, 
which may be accessible for rodents and/or cats. 

In 7 out of 8 selected hearts with positive serology in their meat juice the presence of toxoplasma could 
be confirmed with MC-PCR.

The results of the sampling of one delivery of 7 farms is presented in table 1. 

Table 1: Toxoplasma positive serological test of samples collected at one delivery during summer of high risk farms

 

Number of positive samples, proportion and exact binomial (Clopper - Pearson) 95% confidence interval 

Discussion

The strategy of the surveillance program is to identify high positive herds, and demand from farmers to 
improve control of toxoplasma in these herds. The aim is to decrease the overall prevalence of positive pigs, and 
therewith improve safety of pork. Where high risk farms are asked to improve control, intermediate risk farms are 
made aware of toxoplasma and the potential risk in their herds. The strategy is in principle to treat the meat of 
the high risk herds not differently by either controlled heating or freezing, but to prevent occurrence of T. gondii 
by verifying biosecurity control by means of serological screening and impose improvements at farm level.

The first result of the current surveillance program is unique insight in the prevalence of Toxoplasma and better 
understanding of the risks. Biosecurity in Dutch pig farming is in general at a high level, nevertheless a limited 
number of farms were identified that had weaknesses in their biosecurity, leading to introduction of toxoplasma. 
Accordingly, other pathogens may also be more easily introduced on these farms. The approach with screening and 
active follow-up may lead to an overall improvement of biosecurity to guarantee food safety and animal health.

Weaknesses that were seen in rodent control are storage of goods around the farms building, providing 
a hiding place for rodents, and irregular (re-)placement of rodenticides. It requires good motivation of the 
farmer to organize and manage this better.

Part of the ongoing project is to evaluate the sensitivity and specificity of the surveillance system. For that 
purpose the sample size is increased from 1 to 6 at every delivery for the identified risk herds and the control 
farms. The statistical validation of the system based on these data is ongoing. The results of the 7 high risk 
farms highlight research questions on sensitivity and specificity of the surveillance system. In previous periods 
the prevalence on these farms was higher (data not shown), hence these farms would not have been selected. 
With the prevalence in the tested period it is unlikely that these farms would have been categorized as high 
risk. Also the effect of one sample and irregular supply has to be studied more extensively.

The ongoing analysis will give more insight in how the surveillance system can be optimally designed, like 
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additional sampling at each delivery before measures are imposed on farms. On the other hand, there may 
be no harm when farms are given a false alarm and accordingly follow up on this signal by checking their 
biosecurity control. Estimates of the sensitivity and specificity of the system to detect high risk farms will 
become available in the next phases of the project.

Conclusion

With the implementation of the surveillance program a significant step has been set in implementing a modern 
way of meat inspection by using serological data as farm data (food chain information). The success of this scheme, 
being the reduction of Toxoplasma in the supply chain and especially on identified farms, and the effect of this 
scheme on the reduction of the number of human infections, will be assessed during the next stages of the project.
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A comparison of lesions found during meat inspection of finishing pigs raised under 
organic/free-range conditions and conventional indoor conditions 
Alban, L.; Petersen, J. V.; Busch, M. E.

Abstract

We compared the results from meat inspection of organic/free-range finishing pigs versus conventionally-
raised pigs. Data covered a period of 1 year and were collected from one abattoir in Denmark. In total, 
there were 201,160 organic/free-range pigs and 1,173,213 conventionally raised pigs. Over-all speaking, 
there was an equal number of lesions recorded in the two kinds of production systems. The majority of 
the lesion types were recorded infrequently (<4%). Only chronic pleuritis was a common finding in both 
types of production systems. A total of 13 lesion types were more frequent among organic/free-range pigs 
than among conventional pigs - among others old fractures, tail lesions and osteomyelitis. Four lesion types 
were equally frequent in the two groups: chronic pneumonia, chronic pleuritis, fresh fracture, and abscess 
in head/ear. Four lesion types were recorded less frequently among organic/free-range pigs compared 
with conventionally raised pigs. These included abscess in leg/toe, hernia and scar/hock lesion. Possible 
associations between the individual lesion types and the production systems - including the requirements 
for each system - are discussed. The results emphasize the importance of using direct animal based 
parameters when evaluating animal welfare in different types of production systems. Moreover, individual 
solutions to the health problems observed in a herd should be found, e.g. in collaboration with the veterinary 
practitioner and other advisors.

Introduction

It is often argued that pigs raised under less intensive production conditions – such as organic or free-
range – have a higher level of animal welfare compared with conventionally raised pigs. To look into this, 
an analysis of data from a large Danish abattoir slaughtering organic, free-range, and conventionally raised 
finishing pigs was undertaken. In Denmark, pig production plays a substantial role, representing an export 
value of €4.3 billion out of a total of €82.7 billion. The largest Danish abattoir company is Danish Crown. 
Almost all pigs raised under special animal welfare contracts in Denmark are slaughtered in one specific 
plant owned by Danish Crown. The company “Friland A/S”,” owned by Danish Crown, has special contracts 
with farmers, who raise pigs according to the rules set for organic pig production (Friland økologiske svin) 
or the rules set for “Frilandsgrisen” which deals with non-organic outdoor production. The pig genetics are 
similar in these two types of production systems as well as in the conventional production, and almost all 
male pigs are castrated.

Material and Methods

In Denmark, finishing pigs are subjected to ante mortem and post mortem inspection at the abattoir 
performed by a specially trained inspector – a veterinarian or a technician. Hence, every slaughter animal 
is inspected according to the current meat inspection circular, and lesions found during the inspection 
are recorded electronically. One common coding system with more than 70 codes is in use at all Danish 
abattoirs (Anonymous, 2011). Data covered a period of 1 year and were collected from one abattoir 
slaughtering organic, free-range and conventional pigs. They comprised 201,160 organic/free-range pigs 
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and 1,173,213 conventionally raised pigs. The pigs originated from 54 organic herds, 117 free-range herds, 
and 789 conventional herds. The number of times a given type of lesion was recorded as well as the total 
number of pigs inspected was given. Recordings that did not reflect pathological lesions were excluded, 
e.g. recordings due to lack of slap mark, colored skin, lack of ear tag, slaughter error, and contaminations. 
First, the prevalence of each individual type of lesion was calculated. It was ignored that one pig could be 
observed having more than one lesion type. Hence, the results reflect the intensity of recordings in each of 
the two types of production systems. All types of lesions occurring with a prevalence above 0.1% among the 
organic/free-range or conventionally raised pigs were included in the analyses. This corresponded to 99.4% 
of the recordings among organic/free-range pigs and 99.0% of the recordings among the conventional pigs. 
However, the lesion pyemia was included although the prevalence was lower than 0.1%, because acute 
pyemia results in total condemnation of the carcass. Next, a statistical comparison between the prevalences 
in organic/free-range and conventional pigs was undertaken. Because of the large number of data, the 
P-value for significance was lowered to P=0.001, and only biological associations reflecting Odds Ratios 
greater than 1.2 or less than 0.8 were considered to be of significance. Moreover, the requirements for each 
of the three types of production systems were investigated by studying relevant rules and legislation as well 
as contacting the abattoir company.

Results

An initial comparison of the prevalence of the total of all lesions did not reveal any differences 
between organic/free-range (39.4%) and conventional production (39.1%). However, when chronic 
pleuritis was subtracted from the total number of lesions, a difference was observed; the prevalence of 
lesions in organic/free-range production was 20.3% compared with 15.2% in the conventional production 
(OR=1.3, P<0.0001). The majority of the lesion types were recorded infrequently (<4%). Only chronic 
pleuritis was a common finding with a prevalence of 19% among organic/free-range pigs and 24% among 
conventional pigs. A total of 13 lesion types were more frequent among organic/free-range pigs than 
among conventional pigs - among others old fractures, tail lesions and osteomyelitis. Four lesion types 
were equally frequent in the two groups: chronic pneumonia, chronic pleuritis, fresh fracture, and abscess 
in head/ear. Four lesion types were recorded less frequently among organic/free-range pigs compared 
with conventionally raised pigs. These included abscess in leg/toe, hernia and scar/hock lesion. The 
evaluation of the requirements to the different types of production systems showed that there were 
several differences related to, among others, the use of outdoor huts for farrowing sows, weaning age, 
restriction on use of antimicrobials, withdrawal time related to use of antimicrobials, stocking density, 
flooring and the use of bedding. On top of the ordinary price paid by the slaughterhouse company, the 
farmer also receives a premium for organic pigs and free-range pigs, respectively. In the first quarter of 
2014, the premium for an average organic carcass with a weight of 84 kg was €113.7 and for a free-range 
carcass with a similar weight, €24.5. 

Table 1
Prevalence of lesions recorded during meat inspection in organic/free-range finishing pigs (N=201,160) compared with conventionally 
raised finishing pigs (N=1,173,213), for one Danish slaughterhouse, covering 1 year from October 2012 to September 2013, ranked 
by Odds Ratio

Lesion type Prevalence (%) Odds Ratio P-value for 
comparisonOrganic/free-range Conventional

HIGHER RISK*
   Healed rib fracture 0.73 0.19 3.8 <0.0001

   Eczema/insect bite 2.41 0.73 3.4 <0.0001

   Tail lesion – local 2.37 0.76 3.2 <0.0001

   Chronic infectious arthritis 0.87 0.27 3.2 <0.0001

   Milk spotted liver 2.60 0.90 3.0 <0.0001

   Old fracture 0.20 0.09 2.2 <0.0001

   Osteomyelitis 0.34 0.16 2.1 <0.0001

   Tail lesion/tail infection 0.18 0.09 2.0 <0.0001

   Skin corrosion 0.10 0.06 1.8 <0.0001

   Abscess in mid-part 0.47 0.30 1.6 <0.0001

   Abscess in hind part 1.30 0.82 1.6 <0.0001

   Chronic peritonitis 1.11 0.74 1.5 <0.0001

   Chronic pericarditis 1.67 1.32 1.3 <0.0001

EQUAL RISK*
   Chronic pneumonia 0.35 0.30 1.2 0.0006

   Abscess in head and ear 1.81 1.90 0.9 0.0039

   Fresh fracture 0.13 0.17 0.8 <0.0001

   Chronic pleuritis 19.06 23.94 0.8 <0.0001

LOWER RISK*
   Abscess in leg/toe 0.74 1.03 0.7 <0.0001

   Hernia 0.93 1.36 0.7 <0.0001

   Pyemia 0.01 0.02 0.5 0.0007

   Scar/hock lesion 1.47 3.41 0.4 <0.0001

*: Biological significance assessed at OR>1.2 or OR<0.8. Statistical significance only assessed at P<0.001. 

Discussion

This is the first time that a large dataset has been investigated allowing a deeper comparison between the 
various lesions found during meat inspection of organic/free-range finishing pigs and conventionally raised finishing 
pigs. However, the data structure only allowed a calculation of the over-all prevalence of each lesion recorded within 
each type of production system (organic/free-range versus conventional) and a subsequent comparison of these 
prevalences between production systems. Hence, it was not possible to distinguish between organic and free-range. 
This restriction was imposed to ensure the privacy of the farmers. Unfortunately, it also limited the statistical analysis 
and made it impossible to identify to which extent the variation observed in the prevalence of the individual lesions 
was caused by the individual herd. In other words: the identified differences might be ascribed to a limited number 
of the organic/free-range herds that have problems. On the other hand, this abattoir slaughters the main part of 
Danish, organic/free-range pigs as well as more than one million conventionally raised finishing pigs. Hence, the 
results obtained are not representing a sample of pigs taken from a limited number of organic or free-range herds. 

We suggest that the higher occurrence of a number of lesions observed during meat inspection of 
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organic/free-range pigs can be linked to the following factors: 

1. A higher level of tail biting, probably related to the pigs having intact tails, and causing tail lesions and 
the development of pyemic processes in the pigs    

2. Limited all-in all-out management (batch management) and poorer hygiene, which increases the risk of transmission 
of infectious diseases among pigs of different age groups and the survival of pathogens in the pen environment

3. A moist/wet floor in parts of the pen, possibly because solid (non-slatted) floors are used to a higher 
extent than in conventional production, and 

4. Squeezing by the sow during the suckling period because the piglets are born in outdoor huts where 
the movement of the sows is not restricted by farrowing crates. 

Moreover, it may be more difficult to detect a sick pig early in the disease course in organic and free-
range production compared with conventional production because of differences in housing. In organic and 
free-range production, the pens are often large and the pigs may be outdoors, making it difficult to see all 
animals. Furthermore, it is possible that there is a reluctance to use antimicrobials, in particular in organic 
production and to some extent maybe also in free-range production. This will influence the occurrence of 
most of the lesion types caused by bacterial infections in these production systems. The lower risk of lesions 
on the limbs in organic/free-range pigs suggests a beneficial effect of the use of solid floors and the use of 
bedding. For a full discussion of all differences found please see Alban et al. (2015). 

Conclusion

Organic and free-range finishing pigs show different disease patterns when meat inspection data 
are compared. These differences are probably related to the production and management. The results 
emphasize the importance of using direct animal based parameters when evaluating animal welfare in 
different types of production systems. Moreover, individual solutions to the health problems observed in a 
herd should be found, e.g. in collaboration with the veterinary practitioner and other advisors.

Epilogue

After the publication of this work, it has been decided to organize a workshop for pig farmers involved in 
organic or free-range production. The aim of the workshop is to discuss how to further improve the health 
of the pigs e.g. by focusing on the importance of identifying sick animals early in the disease course and 
providing them with the right treatment.

(1) Danish Agriculture & Food Council, Axeltorv 3, DK-1609 Copenhagen V, Denmark
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Could a 400-µm mesh size sieve be used for Trichinella inspection at the 
slaughterhouse laboratory to facilitate pork export to third countries?
Frits Franssen*, Arno Swart and Joke van der Giessen

Abstract

Background

Trichinellosis is a zoonotic disease caused by the nematode Trichinella through ingestion of raw or 
undercooked meat.  In the European Union, the magnetic stirrer method (EU reference method, EU-RM) 
according to European regulation EC 2075/2005 is used for individual carcass control for Trichinella in pork.  
This method has been validated for the detection of live Trichinella muscle larvae (ML) and critical control 
points are well described. In international pig trade, different parts of the same carcass are shipped to 
countries both within and outside the EU. For export to countries outside the EU (third countries), meat 
producers may have to comply with regulations according to the food safety authorities of those countries, 
including the mandatory use of alternative equipment, such as a 400-µm mesh size sieve (sieve400), instead 
of a sieve with a mesh size of 180 µm (sieve180). 

In its supervising role on the quality of Trichinella inspection at the slaughterhouse laboratories, the 
Dutch Reference Laboratory for Parasites (NRL-P) was asked to advise the Competent Authorities on the test 
sensitivity of a sieve400, the performance of which is currently unknown. We evaluated the performance of 
a sieve400, compared to a sieve180, using spiked pork samples (0 - 10 Trichinella muscle larvae per analytical 
portion) in three evaluation experiments. 

Methods

Experiment A, comparing a 180-µm mesh size sieve (sieve180) with a 400-µm mesh size sieve (sieve400) 
was conducted at the NRL-P. Registered parameters were meat weight, residual meat weight after 
digestion, volume of collected meat digest after the first sedimentation, Trichinella ML count, counting 
time and amount of debris in the final suspension that was evaluated microscopically. In Experiment B, 
the practically realised lower test limit was explored in a comparison of sieve180 and sieve400, using spiked 
pork samples (0 – 4 Trichinella ML) at the NRL-P and slaughterhouse lab SL1. In Experiment C, both sieves 
were compared under field conditions, for which spiked pork samples (3 – 8 Trichinella ML) were analysed 
at three slaughterhouse labs (SL1 – SL3) and the NRL-P. In experiments B and C only larval recovery was 
recorded, since slaughterhouse labs lack the possibilities to record the additional parameters mentioned 
under Experiment A.

Results

We show that the use of a sieve400 results in significantly lower larval counts (p = 2 × 10-6), on average 147% 
more debris (p = 7.6 × 10-10) and 28% longer counting time (p = 7.7 × 10-6), compared to the use of a sieve180. 
The overall probability to find larvae using sieve400 (78.4%) is significantly lower than when using sieve180 
(90.1%). On the other hand, no false negative results were obtained using sieve400, but prolonged counting 
times may have an impact on performance in a high-throughput environment such as a slaughterhouse 
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laboratory. 

The results presented in this study support the recommended sieve mesh size of 180 – 200 µm in a 
recently developed ISO/NEN standard, which is to be published before the end of 2015. 

Conclusions

Based on our results, the 180-µm mesh size sieve remains the sieve of choice for the meat inspection 
at the slaughterhouse labs, according to the EU-RM, and a 400- µm mesh size sieve should only be used 
supplemental to, but not replacing the standard 180- µm sieve. With the current study, we provide a useful 
contribution for decision makers to discuss a further harmonisation of meat inspection requirements 
between trade blocks.

*National Institute for Public Health and the Environment (RIVM), Antonie van Leeuwenhoeklaan 9, 3721 MA Bilthoven, the 
Netherlands.
*corresponding author: frits.franssen@rivm.nl

Handling of chronic cases of pyaemia/osteomyelitis in finishing pigs in Denmark – 
is de-boning necessary to maintain food safety?
Bækbo, A.K.*(1), Petersen, J.V.(1), Larsen, M.H.(2), Alban, L.(1)

Abstract

Meat inspection is up for debate and one issue deals with how to handle chronic cases of pyaemia/
osteomyelitis in finishing pigs. In Denmark, such carcasses are required to be de-boned to avoid presence of 
osteomyelitis not found in the rework area. Around 40,000 pigs (0.24%) are subjected to de-boning in Denmark 
per year, and the associated costs amount to approx. €3 million. The questions are: 1) is the meat from such 
pigs fit for human consumption? 2) Is de-boning necessary, or do the meat inspectors find what they should in 
the rework area? And 3) which alternative practices could replace de-boning? To address this, data covering 1 
year were extracted from the Danish Slaughterhouse Database including information from the 7 largest Danish 
abattoirs. Registration schemes covering findings during de-boning and the result of de-boning (approved/
condemned) were provided by the individual abattoirs. Additionally, a questionnaire survey was undertaken 
regarding the de-boning personals’ experience related to de-boning. Furthermore, samples from 102 pigs sent 
for de-boning at one slaughterhouse were collected. These samples included abscesses found in pigs at the 
rework area plus one muscle sample per pig. All samples underwent microbiological investigation. As a control 
group, microbiological results obtained from a similar study from carcasses unconditionally approved at meat 
inspection were included. Staphylococcus aureus, which has the potential to cause human illness, was found 
in 15 abscesses and 1 muscle of the 102 pigs sent for de-boning. S. aureus was also found in 1 of the 60 control 
samples. The results were included in a risk assessment that revealed the same very low health risk related 
to consumption of meat from de-boned pigs as from fully accepted pigs. Abscesses were found at de-boning 
in a low proportion of the pigs, at different sites of the carcass, varying between abattoirs. The vast majority 
of pigs sent for de-boning were accepted after de-boning (99.7%). If routine de-boning is no longer required, 
then focus on a thorough inspection at the rework-area will most likely result in a higher probability of finding 
abscesses at that stage of inspection. Moreover, overlooked abscesses will be found during cutting. Therefore 
de-boning is not considered necessary and could be replaced by condemnation of the affected part(s) only.  

Introduction

In Denmark, carcasses with lesions indicative of chronic pyaemia/osteomyelitis found during meat inspection 
are required to be de-boned (Anon., 2011). The aim of de-boning is to ensure detection of abscesses not found 
in the rework area. Depending on the outcome of the de-boning, the meat and organs can be accepted for 
human consumption, while all bones, joints and any parts with lesions are discarded. The de-boning procedure 
is associated with substantial workload and expenses, resulting in loss of value of the carcass. Farmers suffer 
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a 33% reduction in the payment for every pig sent for de-boning (The Classification Control, 2015). Based 
on data from the Classification Control, total expenses amount to approx. €3 million (Larsen, 2014, personal 
communication). 

The effect of de-boning has been questioned. The main purpose is to maintain food safety, but is de-boning 
a crucial step in achieving this? In this context the following questions were addressed:

- Is meat from finishing pigs sent for de-boning fit for human consumption? 

- Is de-boning necessary or do the meat inspectors find what they should in the rework area? 

- Which alternative practices could replace de-boning?

Material and methods

Data covering 1 year (July 2012 – June 2013) were extracted from the Danish Slaughterhouse Database 
involving the 7 largest Danish abattoirs. Supplementary information regarding the result of the de-boned 
pigs (approved /condemned) and findings during the de-boning were provided by the individual abattoirs, in 
the form of handwritten schemes, which were examined manually. Additionally, a questionnaire survey was 
undertaken regarding the de-boning personals’ experience with de-boning. 

Furthermore, samples were collected at one abattoir (Plant A), from 102 finishing pigs sent for de-boning: 
One muscle sample, distal on the right foreleg, from each pig, as well as abscesses found in these pigs at the 
rework area. All samples underwent microbiological investigations according to the methodology described by 
the Danish Veterinary and Food Administration (2005). Bacteria found were identified using Matrix-Assisted 
Laser Desorption Ionization – Time of Flight Mass Spectrometry. Staphylococcus aureus isolates were tested 
by Polymerase Chain Reaction for the genes encoding enterotoxin production (sea-see), by use of the primers 
described in Becker et al. (1998). S. aureus isolates were also tested for the mecA gene encoding methicillin 
resistance by using the protocol described by Stegger et al. (2012). As a control group, microbiological 
results from a previous study, described in Kruse et al. (2015), from carcasses which were fully accepted at 
meat inspection were included. Chi-square-tests or Fisher’s exact test were conducted aiming at assessing 
associations between the microbiological findings. It was tested whether there was an association between 
findings of bacteria in general in the muscle and abscess samples within the 102 pigs sent for de-boning. A 
second analysis looked specifically on findings of S. aureus. The same was done for the association between 
muscle samples from pigs sent for de-boning and fully accepted carcasses. 

Finally, the results were included in a risk assessment on human health risk associated with ingestion of 
meat from pigs sent for de-boning, compared to meat from fully accepted carcasses. The risk assessment 
guidelines described by the World Organization for Animal Health (OIE, 2010) was used in this work.  

Results

During the study period of 1 year, 40,000 finishing pigs were de-boned corresponding to 0.24% of total 
number of slaughterings. The share of pigs sent for de-boning varied between the 7 abattoirs (min 0.15%; 
max 0.32%, P < 0.001) (see Table 1). Osteomyelitis was the most common diagnosis given to these pigs at all 
abattoirs except at Plant E, where pyaemia was the most common diagnosis. Tail bite infection was registered 
for a varying proportion of the pigs (min 14%; max 49%)

There were statistical significant differences between abattoirs in the proportion of pigs with abscesses 
found during de-boning (min 0.34%; max 24.14%; P < 0.001) and the proportion of totally condemned carcasses 
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after de-boning (min 0%; max 1.03%; P < 0.001). Nevertheless, the proportion of totally condemned carcasses 
was very low at all abattoirs (in general < 1% - Table 1). 

Table 1
Proportion (%) of pigs sent for de-boning, part (%) of these where abscesses were found during de-boning, and proportion of total 
condemnation after de-boning, for 7 Danish abattoirs, 2012-2013.

Abattoir Plant A Plant B Plant C Plant D Plant E Plant F Plant G

Period of time 1 year 1 month 6 months 1 year 1 year 3 months 3 months

No. of slaughtered 
pigs

1,820,069 461,560 738,568 2,274,132 456,526 696,682 737,219

Pigs for de-boning (%) 0.26 0.26 0.15 0.29 0.22 0.32 0.31

Pigs with abscesses 
found at de-boning 
(%)

Not available 12.18 24.14 5.58 1.95 1.02 0.34

Carcass condemned 
after de-boning (%)

0.15 0.16 1.03 0.39 0.10 0 0

Some abattoirs had a detailed registration of findings while Plant A did not register this at all. There were 
no common trends in where the registered abscesses were located in the carcasses. The ham accounted for 
the largest share of abscesses at Plant C and Plant B, and the midbody was the most common site at Plant 
E. According to the questionnaire, abscesses are found at de-boning every day at some abattoirs and weekly 
or monthly at other abattoirs. An explanation given by some of the de-boning personal was that these may 
have been overlooked in the rework-area due to business and a high tempo. Another explanation mentioned 
was that abscesses are hidden deeply in e.g. the ham and the comb. This was supported by reporting from 
another slaughterhouse which mentioned that the reason for not finding these abscesses at the rework-area 
was because the cuts in relation to the extended pyaemia inspection are not made sufficiently deep.         

From the 102 pigs sent for de-boning, 83% of the muscle samples and 6% of the abscess samples 
were sterile. The bacteria found in the remaining samples consisted mainly of known pig pathogens and 
environmental bacteria. The only potential human pathogen found was Staphylococcus aureus, which was 
found in 15 (9%) abscess samples and 1 muscle sample (5%). None of these were MRSA. Three isolates were 
tested positive for genes encoding enterotoxins – the 1 from the muscle had the gene encoding enterotoxin 
A, and the 2 from abscesses were positive for genes encoding enterotoxin A and C, respectively. 

The Chi-square-tests/Fisher’s exact test revealed no association between findings of bacteria in general in the 
muscles and abscesses within the 102 pigs investigated (P = 0.86). No association was found for the specific findings 
of S. aureus either (P = 1). Considering the association between finding bacteria in muscles from pigs sent for de-
boning compared to muscles from fully accepted carcasses, it was found that the risk was 5 times larger in pigs sent 
for de-boning (P = 0.01). However, no difference in risk was found for the specific findings of S. aureus (P = 0.86). 

S. aureus was considered the only human pathogen among the bacteria found in the 102 pigs sent for de-
boning. The human health risk associated with meat from pigs sent for de-boning was considered negligible. 

Moreover, there was no difference in risk related to meat from de-boned pigs and meat from unconditionally 
approved carcasses. For an extended version of the risk assessment, please refer to Bækbo (2014).

Discussion

The variation in the proportion of pigs sent for de-boning indicates differences in the use of de-boning at the abattoirs, 
because t he pigs are the same. The variation in recording of lesions and diagnoses that leads to de-boning may be due to 
traditions and habits at the local plant. The same may be the case for the specific handling of chronic cases of pyaemia in 
the rework-area at the different abattoirs. On some abattoirs inspectors are capable of finding almost all abscesses at the 
rework-area, whereas this is not the case at other abattoirs. This suggests that presence of undiscovered abscesses could 
reflect an incomplete inspection and handling at the rework-area, maybe because of time pressure. In this context it was 
assessed that a strict, thorough pyaemia inspection, including precise cuts in the ham, comb, shoulder and tenderloin 
would be able to reduce the number of undiscovered abscesses at the rework area.

The risk assessment revealed no difference in human health risk related to meat from finishing pigs sent 
for de-boning and meat from fully accepted carcasses. De-boning of pigs with lesions indicative of chronic 
pyaemia does not seem to have a food safety value; abscesses are not considered a food safety issue, but 
a quality parameter, so de-boning could actually be considered a quality assurance procedure. Therefore 
handling of chronic cases of pyaemia should be done by the slaughterhouses and not by an official veterinary 
inspector as required by the current meat inspection circular (Anon., 2011). 

If de-boning is no longer a legal requirement, extra attention should be paid to the chronic cases of pyaemia at the 
rework-area to minimize the risk of overlooking abscesses. However, if an abscess is not found at the rework area, it 
will be found during the further processing of the carcass including cutting and routine de-boning, where abscesses 
are regularly found. Calculations based on 1 year of data from Plant A showed that abscesses related to pyaemia only 
constitute 4.4 % of the total prevalence of abscesses in finishing pigs (data not shown). All Danish slaughterhouses 
already have procedures in place to handle abscesses found at cutting and de-boning. Therefore, the probability that a 
consumer would find an abscess in a meat cut is very low, regardless of which pig the meat originate from. If an abscess 
after all is present in a meat cut, this is not considered a food safety problem but an unappetizing event. It is unlikely 
that the consumer will consume an abscess but if eaten inattentively, the risk of a staphylococcal intoxication is linked, 
among other things, to temperature abuse similar to the risk from unconditionally approved carcasses.  

Conclusion 

A risk assessment, based among others on the bacterial findings in this study, revealed a negligible risk 
associated with meat from finishing pigs sent for de-boning compared to meat from pigs unconditionally 
approved. A strict and thorough pyaemia inspection at the rework-area should be sufficient in finding 
abscesses present in the carcasses. If abscesses are not found at this stage, they will be found during the further 
processing, i.e. during cutting and routine de-boning. In case an abscess is not found at the slaughterhouse, 
but by a consumer, this will not constitute a food safety problem, but an unappetizing event.  

Based on the results of this study, food safety will not be impaired by a change from de-boning of chronic 
cases of pyaemia to local condemnation of the affected part(s) only. A strict and thorough handling of the 
carcasses at the re-work area along with extra focus during processing should be sufficient. Therefore routine 
de-boning is not considered necessary.  
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Keynote lecture

Emerging swine diseases and infections: an increasing zoonotic threat
Joaquim Segalez – University Barcelona

Introduction

Emerging infectious diseases (EID) can be defined as those which incidence is increasing following its 
first introduction into a new host population or in an existing one as a result of long-term changes in its 
underlying epidemiology [1]. This concept can also include those diseases linked to pathogens expanding 
into an area in which it was not previously reported, or due to infectious agents that changed significantly 
its clinico-pathological presentation [2].

During last 10 years, much emphasis has been focused on human EID caused by pathogens of animal 
origin. All these zoonotic threats and events have emphasized the need for a “One Health” approach, 
which was summarized in the so called 12 Manhattan principles [3]. The “One Health” approach integrates 
communication, collaboration and coordination between public health, animal health and other communities 
at multiple levels to prevent, detect and control emerging or re-emerging infectious diseases at the animal–
human–environment interface [4]. 

The number of novel conditions in swine included under the concept of emerging and re-emerging 
diseases has increased importantly during last 20-30 years [5]. Most of them are infectious diseases; their 
transmissibility and maintenance into a population is favoured by a number of phenomena, including 
intensive rearing practices and globalized/ international trading. The objective of the present review is 
to discuss about new swine diseases or novel presentations of already known diseases, as well as newly 
recognized infections with a not well-defined pathogenic effect in pigs, with specific emphasis on zoonotic 
diseases.

Monofactorial and multifactorial pig diseases

Traditionally, veterinarians have dealt with overt diseases, with the main task of counteracting them 
and getting profitability of the production system represented by a farm or a group of farms. Moreover, 
several decades ago, the most important diseases affecting pigs were considered mostly “monofactorial”, 
in which the sole presence of the infectious agent was sufficient to trigger significant disease or production 
losses [6]. In swine, most of these infectious diseases, such as classical swine fever (CSF), Aujeszky’s disease 
(pseudorabies), foot-and-mouth disease or African swine fever (ASF), among others, have been controlled 
or are under control in many parts of the world by means of eradication programs (World Organization 
for Animal Health, OIE, www.oie.int). However, these diseases may appear sporadically in free-countries 
as a result of trading of life animals or animal products, or citizen travelling. This scenario of disease re-
introduction is not unusual, and recent examples of emerging and re-emerging diseases would be ASF in 
Russia and Eastern Europe, and porcine epidemic diarrhoea (PED) in Europe and North-America.

There are a number of not so devastating infections compared to those considered as “monofactorial”, 
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but with significant impact on the economy of the swine industry. Among them we can consider those 
caused by Mycoplasma hyopneumoniae, Brachyspira hyodysenteriae, Actinobacillus pleuropneumoniae, 
porcine reproductive and respiratory syndrome (PRRS) virus (PRRSV), swine influenza virus (SIV) and porcine 
circovirus type 2 (PCV2). Common to all of them is that they are considered “multifactorial” diseases, since 
the mere presence of the agent is not sufficient to trigger the disease [6]. In most of the cases, those diseases 
behave as endemic diseases in most parts of the world, but some exceptions can be perfectly classified as 
emerging or re-emerging pig diseases. Good examples would be the infection by certain serotypes of A. 
pleuropneumoniae in naïve herds or the reproductive form of PRRS in sero-negative farms, which may behave 
as the previously mentioned “monofactorial” diseases. Moreover, other diseases have probably been there 
for a long time, but their relevance increased mainly in the last two decades, such as colibacillosis, Glässer’s 
disease, proliferative enteropathies, and swine influenza. Although the term “emerging” is probably old-
fashioned nowadays for these conditions, we still consider PRRS and PCV2-associated diseases (PCVDs) as 
such. A good example of a truly emerging disease among these multifactorial threats would be the new 
pandemic human influenza virus A/H1N1 [7], although it should be considered also within the zoonotic 
disease group, and Brachyspira hampsonii [8]. 

Zoonotic pig diseases/infections

The list of zoonotic agents that produce disease or infection in pigs is rather long (Table 1); in practical terms, 
a number of them are of significant importance, especially from the food safety point of view. Moreover, 
the list of zoonotic threats coming from pigs that should be considered as emerging is rather limited, but 
the awareness about them has increased during the last decade: hepatitis E virus (HEV), influenza viruses, 
livestock-associated methicillin-resistant Staphylococcus aureus (LA-MRSA), Extended-spectrum beta-
lactamases (ESBL) producing bacteria, Streptococcus suis, Clostridium difficile, and Cysticercus cellulosae 
[9,10]. There are also some pathogens that exert their action in limited geographical locations, such as 
Nipah, Bungowannah, and Menangle viruses, that have been described as the cause of swine disease in 
certain regions of the world (south-east Asia and Oceania, mainly) [11]. 

Increasing resistance against antimicrobial substances in bacteria is one of the major problems in human 
as well as in veterinary medicine. Such scenario prompted the raise of the so-called multiresistant bacteria 
(MRB), which display reduced susceptibility against different antibiotic drugs, and they are considered of 
exceptional clinical importance, since the therapeutic options are becoming very limited or no longer exist 
[10]. The most common MRB in human and veterinary medicine is the MRSA, but other MRB colonizing the 
human digestive tract as well as the intestine of livestock have come into focus. ESBL-producing bacteria 
induce nosocomial infections in humans, with a rising incidence, and livestock has frequently been found to 
carry these bacteria. In fact, carriage of ESBL-producing bacteria in pig farmers has been found associated 
with occurrence in pigs [12]. Other potential pathogens in the animal (including pig) digestive tract are 
vancomycin-resistant enterococci strains (VRE). As an interesting example, recently, vancomycin resistant 
Enterococcus faecium related to humans and pigs was found in dust from pig breeding facilities, suggesting 
that dust could represent a vehicle of transmission of strains and antibiotic resistance genes between 
food-producing animals and man [13]. Among zoonotic emerging bacteria, Clostridium difficile should be 
highlighted, since although it is not an MRB, its therapeutic options for humans are very limited, posing a 
potential extra-threat coming from animals [10].

Taenia solium taeniasis/cysticercosis (Cysticercus cellulosae) is a zoonotic disease complex in which 
humans are the final host and pig the normal intermediate host. When people consume undercooked 
infected pork, they can develop a tapeworm. Humans can act as accidental intermediate hosts of T. solium, 

and develop cysticercosis. In humans, the cysticerci often lodge in the central nervous system causing 
neurocysticercosis (NCC) [14]. Although considered eradicated in Europe, an increase of NCC probably due 
to imported cases via travellers or immigrants has occurred in recent years. Therefore, at least in terms of 
frequency of cases, this human disease is considered a re-emerging threat [14]. Conversely, the role of pigs 
in Europe to transmit this disease is probably negligible.

Among emerging viruses, HEV is probably the one that have recently drawn more attention. Although 
the evidence as a zoonotic pathogen is nowadays clear [10,11], the true impact of the swine HEV infection 
on human health is probably negligible in most parts of Europe. Moreover, it is known that this virus can 
cause asymptomatic infections in humans. Among other emerging viruses, it is very likely that Nipah virus 
is the most concerning one for human health. Spillover from Pteropus bats triggered an outbreak in the 
pig population in Malaysia in 1998 [10]. A high proportion of pigs experienced clinical affection to Nipah 
virus infection, but most cases recover after several days of illness. In order to minimize economic losses, 
farmers attempted to take sick pigs to market, and trading sick pigs accelerated Nipah virus spread across 
the country. Overall human mortality due to Nipah viral infection was 40% [10]. Finally, influenza viruses 
have been always on the spot in swine production, since pig has been considered for long as “mixed vessels” 
for the transmission from birds to pig and pig to human. Although this role is under debate, it is true that 
the H1N1 influenza virus pandemic of 2009 heightened the awareness of influenza viruses as zoonotic 
pathogens. However, the same virus was a good example of reverse zoonosis in Norway, where the pig 
population was completely naïve against influenza viruses before the income of the pandemic strain coming 
from humans [15].

Discussion

Infectious emerging diseases appearance has been usually characterized by sudden, unpredictable 
outbreaks, sometimes of epidemic proportion [16]. Despite improvements in global health, both at human 
and animal sides, outbreaks of infectious diseases still occur, and new infections have emerged and will 
probably continue emerging in the future. The control of a given disease/infection might be very difficult per 
se, and sometimes to live with an endemic scenario could be worse than to eradicate it and being threatened 
by the risk of re-infection. Such situation is especially important when dealing with livestock diseases/
infections, since the loss of production or competitiveness may cause significant economic disadvantages, 
not only for the producers but also for a country or region as a whole. In contrast, a significant number of 
emerging swine zoonosis does not behave as usual outbreaks of disease in this species; in fact, in a number 
of cases, the causal agent may remain subclinical or pigs are just carriers.

It is hard to predict what will come next in the swine industry in terms of diseases and infections, but the 
advent of PRRSV by late 80s and beginning of 90s, PCVDs by late 90s, the pandemic A/H1N1 by 2009 and 
PED in North America and Europe in 2013/14 implies to have new clinical disease emergences every 7-8 
years. Moreover, the frequency of swine pathogen discovery is much higher; 98 new pathogen species have 
been described in pigs between 1985 and 2010, with 48 (49%) being bacteria, and 44 (45%) being viruses. 
Importantly, 48 out of these 98 species (43%) are zoonotic [17].

Therefore, the risk of emerging and re-emerging diseases with significant economic losses, infections 
with unknown impact on production and diseases/infections with zoonotic potential is high and deserves 
preparedness and proper basic and applied research. Pig production is a good example of a globalised 
industry, and swine veterinarians and researchers in conjunction with producers, consumers, and 
stakeholders should join efforts for more global, collaborative, and action-oriented approaches towards 
logical and practical solutions [5]. 
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Table 1. List of zoonotic agents that produce disease or infection in pigs (adapted from Khan et al., 2013). Pathogens with asterisk 
indicate those with potential foodborne transmission.

Bacillus anthracis* Leptospira interrogans

Balantidium coli Listeria monocytogenes*

Brucella suis Menangle virus

Bungowannah virus Methicillin-resistant Staphylococcus aureus

Burkholderia pseudomallei* Microsporum spp/Trichopyton spp.

Campylobacter spp.* Mycobacterium spp.

Crystosporidium suis Nipah virus

Cysticercus cellulosae* Norwalk virus*

Ebola reston virus Pasteurella multocida

Enterococcus faecium Salmonella spp.*

Erysipelothrix rhusiopathiae Sarcocystis suihominis*

Escherichia coli* Streptococcus suis

Extended-spectrum beta-lactamases (ESBL) producing 
bacteria*

Swine influenza viruses

Francisella tularensis* Toxoplasma gondii*

Giardia spp.* Trichinella spiralis*

Hepatitis E virus* Vesicular stomatitis virus

Japanese encephalitis virus Yersinia enterocolitica*

Centre de Recerca en Sanitat Animal (CReSA) and Dept. Sanitat i Anatomia Animals, Facultat de Veterinària, Campus de la Universitat 
Autònoma de Barcelona, 08193 Bellaterra (Cerdanyola del Vallès), Spain

Evolution of Salmonella excretion by sows during gestation in link with the faecal 
microbiome.  
Lariviere-Gauthier, G.1; Letellier, A. 1;  Yergeau, E.2; Laplante, B. 3; Fravalo, P. 1

Pork meat is estimated to be responsible of 10 to 20% of human salmonellosis cases. Control strategies 
at the farm could reduce contamination at the slaughterhouse. One of the targeted sector of the production 
is the maternity, where sows could be Salmonella reservoirs. The aim of this study was to characterize 
the faecal microbiome of sows excreting or not Salmonella during gestation phases. A total of 76 sows 
were selected and fecal matters were analysed at the beginning or the end of gestation period. Salmonella 
detection was conducted using a method including two selective enrichment media (MSRV and TBG). Nine 
(9) isolates per positive samples were collected. Among the 76 sows tested, 31 were shedding Salmonella. 
The sows in the first third of their gestation shed significantly more frequently Salmonella (22/29) than 
those in the last third (9/47) (χ² P < 0.05). The shedding status of 19 of the sows that were previously 
sampled in the first third of their gestation was followed, this time in the last third, confirming reduction of 
the shedding. Association between changes in the intestinal microbiome and this evolution of Salmonella 
shedding will be explored. MiSeq sequencing is currently being conducted on the feces to identify shifts 
in the composition or diversity in the microbial community that could be associated to these variations. A 
large number of Salmonella isolates that were collected were genotyped by a high resolution melt (HRM) 
technique.  These results showed the presence of a major HRM profile (136 isolates / 169) and two minor 
profiles (24 and 9 /169). 

Introduction

In Canada, Salmonella is estimated to cause 269.26 infection per 100 000 inhabitants each year making 
this pathogen a priority in public health [1]. Pork meat was estimated to be responsible of 10 to 20% of 
reported human salmonellosis cases in Europe and therefor is an important source of this pathogen [2]. Better 
control strategies at the farm could help to reduce the contamination of the carcass at the slaughterhouse. 
Indeed it has been shown that the influx of contaminated pigs at the slaughterhouse was a risk factor for the 
contamination of the carcass during slaughtering and hence of the products that reaches the consumers [3]. 
In the porcine production, sows can be an important Salmonella reservoir with contamination levels usually 
higher than the pigs in the fattening phase [4]. These carrier sows could be an important contamination 
source for the piglets [2, 5]. The dynamic of the excretion of Salmonella by the sows during gestation is still 
not very well known. It seems important to better understand the different factors that could influence this 
excretion to better understand the transmission of this microorganism to piglets. The aim of this study was 
to characterize the variation of the excretion of Salmonella by the sows in the gestation phase in relation 
with the faecal microbiome.

Material and method

Sampling: A total of 76 sows at various gestation stages were selected randomly in a breeding farm 
known for its frequent Salmonella contamination. For each selected sows 100 gr of fresh fecal matter were 
collected and analysed. After the first sampling 19 of the 76 sows that were sampled at the beginning of 
their gestation (first 50 days) were sampled a second time at the end of this period (last 50 days). For each 
sampled sows 1.5 ml of feces was also collected and frozen in liquid nitrogen for 16s rRNA amplicon Miseq 
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sequencing. Detection: Salmonella detection was conducted using a method adapted from the method 
described by De Busser et al. in 2013 [6]. This method uses multiple selective enrichments to obtain the 
highest description of eventual variety of strains in the samples. First the samples were pre-enriched in 
buffered peptone water for 18h at 37°C. Modified Semi-Solid Rappaport-Vassiliadis Agar (MSRV) (24-48h 
42°C) and Tetrathionate Brilliant green Bile broth (TBG) (24h 42°C) selective enrichment media were then 
used in parallel and further inoculated on Brilliant Green Sulfa agar (BGS). Two BGS were inoculated from 
the MSRV from two different region of the migration zone (far and near the inoculation spot) and one 
from the TBG. A maximum of nine (3 per BGS) isolates per positive samples were collected. Genotypic 
characterization: Each isolate was genotyped using a high resolution melt (HRM) technique adapted from 
the method described by Bratchikov et al. in 2011 [7]. The melting curves of three regions (two CRISPRs 
and one VNTR) were analysed using a LC-96 real-time PCR. The combination of the curves for these three 
genes was associated to a HRM type. A variation in the melting curve from one of these three regions was 
considered as defining a new type. Representative isolates of each of the different types were serotyped.

MiSeq : Total sample DNA was extracted using a bead beating method (MP FastPrep-25) followed by a 
phenol / chloroform purification. 16S rRNA gene amplicon sequencing libraries were prepared following the 
Illumina MiSeq protocol [8]. The v3-v4 region of the 16S rRNA gene was amplified using primers targeting 
the total bacterial and archaeal population (Table no.1). Each sample was then indexed using the Nextera 
index kit (Illumina). For each PCR steps, PCR product purification was conducted using Agencourt AMpure 
XP beads. The purified and pooled PCR products were sequenced by the Illumina MiSeq sequencing system. 
The composition of the fecal microbiota will be compared between sow at the beginning and at the end of 
their gestation but also between sows shedding Salmonella or not.

Table no.1: Primer used for MiSeq sequencing.

515F_Ill GTGCCAGCMGCCGCGGTAA
Bacteria/Archae V3-V4 
regions Caporaso JG et al, ISME J. (2012) 

[9]
806R_Ill GGACTACHVGGGTWTCTAAT

Bacteria/Archae V3-V4 
regions

Results

Among the 76 the sampled sows, 31 were shedding Salmonella at the time of the sampling. The sows 
in the first third of their gestation shed significantly more frequently Salmonella (22/29) than those in the 
last third (9/47) (χ² P < 0.05) (Figure 1A). Of the 19 sows that were previously sampled in the first third of 
their gestation and were selected for a second sampling, this time in the last third, 13/19 were shedding at 
beginning of the gestation and only 2 were still positive at the end. This confirms reduction of the shedding 
during the gestation (McNemar’s p < 0.001) (Figure 1B). 

Figure no.1: Salmonella shedding by sows at the beginning and the end of gestation. A) All sampled sows. B) Sows sampled twice.

A total of 169 isolates of Salmonella that were collected from 21 positive samples were genotyped by a 
high resolution melt technique (HRM) [7]. The results shown the presence of one major HRM profile (136 
isolates / 169) and of two minor profiles (21 and 9 isolates /169). Serotyping showed that the strains from the 
profile 1 were of S. Infantis serovar and the strains from the profiles 2 and 3 belonged to the S. Derby serovar.

Table no.2: HRM profiles of the Salmonella isolated from sows at the beginning and end of their gestation.

HRM genes profiles
HRMa types

Beginning of gestation End of gestation

CRISPR 1 CRISPR 2 Yohm Isolates Samplesb Isolates Samples

1 1 1 1 112 14 27 4

2 2 2 2 12 2 9 1

3 3 3 3 9 2 - -

a)  A type is defined based on a unique combination of the three profiles of the analyzed genes. A 
variation in the profile of one of the three analyzed genes was considered as revealing a new HRM type.

b) Some samples can contain strains from multiple types.

Among all the positive samples 4 where positive for only one of the selective media (2 MSRV only and 2 
TBG only) and for two samples the strains isolated from the two regions of the migration zone on the MSRV 
showed different profiles. The major profile was the same at the beginning and the end of the gestation with 
82% and 75 % of the analyzed strains respectively. The only two sows that were shedding strains of multiple 
profiles were those that were positive both at the beginning and the end of the gestation. Furthermore, a 
variation of the strains that were shed by these animals was observed in time. One sow transitioned from 
a shedding of strains of the profile 1 and 2 to strains of the profile 1 only and one sow transitioned from 
strains of the profile 1 and 3 to strains of the profile 2 only. 

Discussion 

These results show that sows can be important reservoirs of Salmonella in the swine production with a total 
of 40 % of the sampled sows shedding when all the gestation period was considered. These levels are similar to 
what was previously described in Canada by Wilkins et al. in 2010 [4]. In the farm that was sampled here most 
of the strains were from the same HRM profile, corresponding to the S. Infantis serovar. This strain could be a 
resident strain in the environment of the farm. When only the beginning of the gestation was considered, the 
level of shedding was much higher with 76 % of positive sows. At the opposite, levels where lower at the end 
of the gestation with 17 % of the sampled sows shedding Salmonella. Variation in the levels of excretion during 
the gestation cycle of the sow had already been described with low levels in the late gestation and lactation 
phase and an excretion peak after weaning [10]. In addition with the variation of the levels of excretion we 
showed variation on the strains excreted by the two sows that were positive both at the beginning and the end 
the gestation. In these two cases the use of a modified Salmonella isolation protocol proved to be beneficial 
since it permitted to detect strains of two different profiles in the same sample. It has been hypothesized that 
factors such has hormonal changes or in feeding activities during the gestation could be could be responsible of 
modifications of the fecal microbiota and linked to these variations in Salmonella excretion. Therefore, in this 
study, the association of the changes in the intestinal microbiome during the gestation and the evolution of 
Salmonella shedding will be explored. MiSeq sequencing is currently being conducted on the feces to identify 
shifts in the composition and diversity of the microbial communities that could be associated with these variations 
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in Salmonella shedding. Identification of bacterial or archaeal population that are linked with the excretion could 
help to better understand this phenomenon and lead to the development of new methods of control.

Conclusion 

In the conditions of this study we confirmed that the sows can be an important reservoir of Salmonella. 
These sows were shedding a major strain at the beginning of the gestation phase and the shedding was 
reduced in the late gestation. Some variations in the types of strains that were excreted were also observed. 
We are currently evaluating the impact of the microbiota on this variation. 
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Salmonellosis in pigs: what does disease surveillance data from England Wales tell us? 
Williamson, S.1; Robertson, S. 2; Stringer, L. 2; Smith, R. 2; Davies, R. 2

The Animal and Plant Health Agency (APHA) Farmfile database allows incidents of pig disease diagnosed 
in the network of APHA laboratories across England and Wales to be collated and analysed. Between 2005 
and 2014, there were 884 disease incidents in pigs involving salmonellosis with the annual diagnostic rate 
ranging from 7.2 to 14.6% of submissions tested. Nearly half of the diagnoses were made in submissions 
of pigs for post-mortem examination, the remainder were from submissions of samples. Seventy percent 
of the diagnoses involved Salmonella Typhimurium which was the main serotype diagnosed each year. 
However, since 2010, the numbers of incidents due to monophasic Salmonella variants 4,12:i:- and 4,5,12:i:- 
recorded in the database have increased each year, and in the first quarter of 2015, were responsible for the 
same number of disease incidents as S. Typhimurium for the first time, reflecting the increasing prevalence 
of these variants in the pig population. Significantly, 53 different non-Salmonella diagnoses were made in 
salmonellosis incidents between 2005 and 2014, with 60% of salmonellosis incidents from post-mortem 
examinations being diagnosed with at least one other disease. Most other diagnoses group into enteric, 
systemic or respiratory syndromes and indicate that salmonellosis in post-weaned pigs is frequently part 
of more complex disease. The most prevalent concurrent viral diseases were due to porcine circovirus2, 
porcine reproductive and respiratory syndrome virus and swine influenza virus. The most prevalent 
concurrent bacterial diseases were due to Pasteurella multocida, Streptococcus suis, Haemophilus 
parasuis and Escherichia coli (mainly causing enteric colibacillosis). These disease combinations, clinical 
signs and other epidemiological features of salmonellosis incidents will be described and exemplify the 
importance of comprehensive diagnostic investigations of disease outbreaks to assist  identification of 
factors which may influence the occurrence of disease due to Salmonella infection in pigs. Case descriptions 
will illustrate potential scenarios predisposing to salmonellosis.

1Animal and Plant Health Agency (APHA), Rougham Hill, Bury St Edmunds, Suffolk IP33 2RX
2APHA Weybridge, New Haw, Addlestone, Surrey, KT15 3NB, England
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Porcine and Human intestinal cells for profiling the capacity of colonization and 
infection of the foodborne pathogen Yersinia enterocolitica
Esnault, E.1*; Morin, S.1; Bougeard, S.2; Denis, M.1;

Abstract

Y. enterocolitica is the third bacterial cause of human enteritis in Europe. The species is divided into six 
biotypes (BT), BT1A regarded as nonpathogenic and pathogenic biotypes 1B, 2, 3, 4 and 5. Pigs, the principal 
reservoir for human pathogenic strains, do not develop clinical signs. The BT4 is the most frequently biotype 
isolated from pig and encountered in human yersiniosis. This study investigated the use of in vitro cultured 
cells to assess the ability of Y. enterocolitica to adhere and invade pig and human cells. We tested in vitro 
the adhesion and invasion abilities of a collection of 23 Y. enterocolitica on intestinal pork cells IPEC-J2 and 
on human intestinal cells Caco-2.  The overall profile of adhesion / invasion was different in the both tests. 
Nevertheless, in the two tests, the BT1A and the BT5 strains, which are rarely isolated from pigs, show a low 
capacity to adhere and to invade. These strains were clustered in the class 1. The class 2, forming by strains 
having a greater efficiency of adhesion and/or a greater efficiency of invasion, contained predominantly 
strains of BT4. The results obtained in this study reflect the ability of BT4 to colonize pigs and the low 
capacity to BT1A and BT5 to colonize pigs and humans.

Introduction

Y. enterocolitica is a gram-negative zoonotic enteropathogenic bacterium responsible to yersiniosis, the 
third most commonly reported zoonosis in Europe (EFSA, 2015). Human yersiniosis is associated with a 
wide variety of clinical symptoms ranging from mild gastroenteritis to  invasive syndromes like terminal 
ileitis (Bottone, 1999). Infection by Y. enterocolitica is due to consumption of contaminated food or water. 
Following ingestion, the bacteria colonize the lumen of the intestine and cross the intestinal tissue barrier by 
invading M cells (Grutzkau et al., 1990, Schulte et al., 2000). The invasion of M cells allow the colonization of 
the underlying tissues and may results in dissemination of the bacteria to the mesenteric lymph nodes and 
extra-intestinal sites such as spleen, liver or lungs. All Y. enterocolitica are not pathogenic for human. The 
species is divided into six biotypes. The biotype 1A generally regarded as nonpathogenic and the pathogenic 
biotypes BT1B, BT2, BT3, BT4, BT5. In France and most other countries worldwide, BT4 is the most prevalent 
biotype isolated from humans (69%), followed by BT2 (30%) and BT3 (Savin and Carniel, 2008). Because 
the principal source of contamination is due to ingestion of raw or undercooked pork products, pigs are 
considered as the principal reservoir for human pathogenic strain of Y. enterocolitica (Bottone, 1999). Pigs 
do not develop clinical signs, but they do carry pathogenic Y. enterocolitica in their oral cavity and excrete 
this bacterium in their feces (Thibodeau et al., 1999). Two study in France revealed that pathogenic biotypes 
BT2, BT3, BT4 and BT5 have been recovered from slaughtered pigs (Fondrevez et al. 2010, Fondrevez et 
al. 2014) and that Y. enterocolitica BT1A considered as nonpathogenic have been recovered from meat 
samples (Esnault et al., 2013). Because Y. enterocolitica is found in the intestine of healthy pigs and because 
the invasion of intestinal epithelial cells is a major step in Y. enterocolitica infection in human, two models 
using porcine and human intestinal in vitro cell culture were assessed to profile a collection of 23 strains 
containing the five biotypes found in France.
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Material and Methods

Bacterial strains and growth media

The characteristics of the 23 strains used in this study are listed in table 1. 

Table 1. Strains used in this study

Strains Biotype and origin N° of 
strains

References

E. coli F- endA1 glnV44 thi-1 recA1 
relA1 gyrA96   deoR nupG 
Φ80dlacZΔM15 Δ(lacZYA-argF)
U169, 

hsdR17(rK
- mK

+), λ–

1 (S.G.N. Grant et al., 1990)

Y. enterocolitia BT1A, pork meat 2 (Esnault et al., 2013)

BT2, slaughtered pig, tonsil swab 3 (Fondrevez et al., 2010, and 2014)

BT3, slaughtered pig, tonsil swab 5 (Fondrevez et al., 2014)

BT4, slaughtered pig, tonsil swab 12 (Fondrevez et al., 2010, and 2014)

BT5, slaughtered pig, tonsil swab 1 (Fondrevez et al., 2014)

Overnight cultures of E. coli and Y. enterocolitica were grown at 30°C in BHI (Brain Heart Infusion medium). 
Human Caco-2 cells and porcine IPEC-J2 cells were cultured at 37°C in the presence of 5% CO2.

Caco-2 cells were grown in DMEM supplemented with 10% FBS, 1% NEAA (Non-Essentiel Amino Acid Cell 
Cultur Supplement) and 20mM HEPES (hydroxyethyl piperazineethanesulfonic acid). IPEC-J2 were grown in 
DMEM supplemented with 10% FBS.  

Cell adhesion and invasion assay

For cell adhesion and uptake assays, 1.105 cellules Caco-2 or IPEC-J2 cells were seeded and grown 48 
hours in individual wells of 24-well cell culture plates before the addition of bacteria.

The overnight cultures of E. coli and Y. enterocolitica bacteria were washed and diluted in DMEM (Dulbecco’s 
Modified Eagle Medium) supplemented with 10% FBS (Fetal Bovine Serum), to obtain a cellular concentration 
of 2.107cfu/ml. For the infection, approximately 2.107 bacteria were added to the 2.105 cells and the 24-
well cell culture plates were incubated at 37°C in the presence of 5% CO2. Three hours post-infection, the 
cells were washed extensively with PBS (Phosphate Buffered Saline). The total number of adherent bacteria 
was determined by cell lysis using 0.1% Triton X-100 and plating on bacterial media. Bacterial uptake was 
assessed by adding 100µg of gentamicin per well. After two hours of incubation. The percentage of bacteria 
that survived killing was determined after plating on bacterial media. For each strain, the relative level of 
bacterial adhesion and uptake was determined by calculating the number of CFU relative to the total number 
of bacteria introduced into cells. The experiments were routinely performed in triplicate.

Statistical analysis

Statistical analyses were performed by using logiciel R (R Development Core Team, 2015). Hierarchical 
cluster and Newman-Keuls test were used for clustering the strains and the influence of biotype was 
evaluated by performing Fisher’s Exact Test for Count Data. 

Results

The adhesion/ invasion profile for 23 Y. enterocolitica belonging to the five biotypes found in France have 
been determined for two lines of in vitro cultured cells. Because the strains were mainly isolated from pork 
samples, the adhesion and invasion efficiency were first determined on the intestinal porcine cell line model 
IPEC-J2 (Figure 1). The strains are clustered in two classes based on their adhesion and invasion capacity.

Figure 1: Invasion and adhesion profile of 23 Y. enterocolitica into porcine IPEC-J2 cells.

The hierarchical cluster and Newman-Keuls analysis clustered the strain into two classes. The ten strains 
which were in the class 1 presented an adhesion capacity inferior to 15% and an invasion capacity inferior 
to 3%. The 13 strains of the class 2 were more adhesive and/or more invasive.

Among the 23 strains, 43% of the strains (10/23) are in class 1. This class grouped strains having a low 
capacity of adhesion and a low capacity of invasion. The class 1 contained the two BT1A strains, the strain 
of BT5 and 67% (2/3) of strains of BT2, 40% (2/5) BT3 strains and 25% (3/12) BT4 strains. 

The 13 other strains are clustered in class 2. Although the class 2 contains the majority of BT3 strains 
(3/5) and the majority of BT4 strains (9/12), no significant influence of the biotype parameter was observed 
in the composition of the two classes (Fisher’s Exact Test for Count Data; p=0.16). 

The 23 strains were also tested in vitro on human intestinal Caco-2 model (Figure 2). The clustering of 
the strains in two classes was based on the adhesion parameter. The first class, characterized by strains 
possessing an adhesion capacity inferior to 7%, contained 17 strains belonging to the five biotypes.
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Figure 2: Invasion and adhesion profile of 23 Y. enterocolitica into human Caco-2 cells.

Strains of class 1 presented an adhesion capacity inferior to 7% and strains of class 2 an adhesion capacity 
superior to 7%.

The class 2 contained 33% (1/3) BT2 strains and 42% (5/12) BT 4 strains. No significant influence of the biotype 
parameter was observed in the composition of the two classes (Fisher’s Exact Test for Count Data; p=0.46).

Discussion

Statistical differences in the ability of the isolates to adhere and to invade cultured epithelial cells, 
between BT1A strains and pathogenic biotypes, have been reported in previous experiment (MC Nally et 
al., 2006, Schaake et al., 2013). Contrarily to Schaake et al , some strains presented different adhesion and 
invasion profile for IPEC-J2 test and Caco-2 test. Moreover some strains with a pathogenic biotype are found 
within the class 1 which is composed of the strains harboring a low capacity of adhesion and a low capacity 
of invasion. Further analyses have to be done to comfort this observation.

Conclusion

Examination of 23 Y. enterocolitica with two intestinal cell lines, the porcine IPEC-J2 cells and the human 
Caco-2 cells reflected the ability of BT4 to colonize pigs and the low capacity to BT1A and BT5 to colonize 
pigs and humans. For characterize more deeply the two classes made in evidence by these tests, more 
strains have to be analyzed. 
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Investigation of the potential effects of transportation and lairage on the 
contamination of pig carcasses with Yersinia enterocolitica
Minvielle, B.1, Paboeuf, F.2, Labbe, A.3, Lediguerher, G.2, Le Roux, A.1, Denis, M.3*

Abstract

Pathogenic Yersinia enterocolitica is frequently isolated from pig tonsils, but can also be found in the 
feces and lymph nodes of infected animals; which represent potential sources for the surface carcass 
contamination during slaughter. The aim of the study was to investigate the respective effects of the 
transportation and lairage steps on the overall contamination of the carcass, taking also into account the 
contamination of their environment. Each Trial was conducted in two abattoirs, whose environmental 
contamination was assessed. In each abattoir, 6 trucks and 6 lairage pens were sampled in duplicate at 
the end of the day, for 5 consecutive days, in spring and autumn. Four groups of 8 pigs from the Anses 
Specific Pathogen-Free herd (SPF) were mixed with conventional pigs for different contact times during 
transportation (1h) or lairage (2, 4 or 8h) prior to slaughter, and one group had no contact with other pigs. 
Each group of SPF pigs was sampled at the end of the slaughter line for the presence of pathogenic Y. 
enterocolitica for internal (tonsils, caecal content, mesenteric lymph nodes) and external (carcass surface) 
contamination. Samples were placed in ITC broth for enrichment at 25°C for 48h. Broth was streaked on CIN 
plates. After 24H at 30°C, typical colonies were streaked on YeCM plates. Biochemical tests were done to 
confirm Y. enterocolitica and to identify the biotype. The environmental contamination of trucks and lairage 
was very low. Y. enterocolitica was only detected in 11/240 lairage swabs. All internal and external samples 
from SPF pigs mixed with conventional pigs during transportation or lairage were negative after slaughter. 
Four tonsils of the SPF pigs slaughtered directly on the slaughter line after 4 hours of activity, with no prior 
contact with conventional pigs, and one of the corresponding surface carcasses, were found positive in one 
abattoir. In our experimental conditions with SPF pigs, we were not able to demonstrate contamination by 
contact with conventional pigs during transportation and lairage steps, whose environmental contamination 
appeared to be scarce. Limited cross contaminations were observed during the slaughter process, which 
emphasizes the importance of good hygiene procedures to limit carcass contamination by pathogenic Y. 
enterocolitica.

Introduction

In 2013, yersiniosis was the third most frequently reported human zoonosis in Europe, with a total of 6 471 
confirmed cases (EFSA, 2015). Pigs are frequently described as a source of human contamination by Yersinia 
enterocolitica through consumption of raw or undercooked meat (Satterthwaite et al., 1999). Pigs do not develop 
clinical signs, but they carry Y. enterocolitica in their oral cavities, on their tongues and tonsils, and in their lymph 
nodes, and they excrete this bacterium in their feces (Nesbakken et al., 2003). From a one-survey carried in France 
on 3120 pigs from 96 batches tested in 16 slaughterhouses (Fondrevez et al., 2014), 13.7% of the pigs were 
found positive for pathogenic Y. enterocolitica on their tonsils and 74.3% of the pig batches contained at least 
one positive pig. Presence of Y. enterocolitica on pig tonsils or feces is a potential source of contamination of the 
carcasses during slaughter. The contamination of Y. enterocolitica free-pigs can also occur during transport (trucks) 
and during lairage (pens) through the immediate environment of pigs, by contact or ingestion of infected feces 
from other pigs. The aim of the study was to investigate the respective effects of the transportation and lairage 
steps on the overall contamination of the carcass, taking also into account the contamination of their environment.
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Material and Methods

Y. enterocolitica status of trucks and lairage pens. 

The trial was conducted in two abattoirs (AB1 and AB2; more than 600 pigs/h) of West of France, on 2 
different weeks (one week in spring and one week in autumn). In each abattoir, a total of 60 trucks were 
sampled; 6 trucks per day, during 5 consecutive days, on the two weeks. Trucks were taken at random after 
6 to 8 hours of activity. After the unloading of the animals and before the truck was washed, each truck was 
swabbed with two swabs. Each swab was applied on one floor of the truck on 4 different zones of 0.25m2. 
In each abattoir, a total of 60 lairage pens were sampled; 6 lairage pens per day, during 5 consecutive days, 
on the two weeks. Lairage pens were taken at random after 6 to 8 hours of activity. After departure of a 
batch of pigs and before arrival of other animals, each lairage pen was swabbed with two swabs. Each swab 
was applied on the floor on 4 different zones of 0.25m2. The floor types of lairage pens were solid concrete 
for the AB1 abattoir and concrete slatted floor for the AB2 abattoir. In these abattoirs, the pens underwent 
once a week a full cleaning and disinfection procedure at the end of the week.

 

Transmission of the Y. enterocolitica during transportation, lairage waiting and slaughter

To evaluate the risk of transmission of the bacteria to Y. enterocolitica-free pigs during transportation, 
lairage waiting and slaughter, Specific Pathogen-Free animals (SPF pigs from Anses) were slaughtered in 
each of the two abattoirs, AB1 and AB2, according 3 modalities. M1 (contact during transportation) : 8 
SPF pigs were loaded in last position in a truck containing conventional pigs from another farm et stayed 
in contact in the truck with these pigs during 2 hours before being directly slaughtered in first position at 
the beginning of slaughter, without waiting time in lairage. M2 (contact during lairage) : 3 groups of 8 SPF 
pigs arrived respectively at the abattoir 2, 4 and 8 hours (M2-2H, M2-4H, M2-8H) before the beginning 
of the slaughter. They were transported in a clean and disinfected truck of Anses. They were mixed in 
one lairage pen with conventional pigs from another herd. There were slaughtered in first position. The 
floor types of lairage pens were solid concrete for the AB1 abattoir and concrete slatted floor for the AB2 
abattoir. M3 (contact during slaughter): 8 SPF pigs arrived at the abattoir after 4 hours of slaughtering 
activity. They were transported in a clean and disinfected truck of Anses and had no contact with other 
pigs. They were slaughtered directly without waiting time in lairage. For all the modalities, 20 swabs of the 
abattoir environment (equipment, machines, tools…) were realized after cleaning and disinfection, or just 
before the slaughtering of the SFP pigs. Several samples were collected from the SPF pigs; caecal content 
and mesenteric lymph nodes were collected after evisceration and, carcass swab on one half of carcass and 
tonsil swab were realized before the cooling step. All the modalities were realized from Tuesday evening till 
Wednesday morning. The truck of Anses was always confirmed negative for Y. enterocolitica as well as SPF 
pig’s feces and tonsils before departure of the SPF pigs from Anses. 

Samples analysis

To detect the bacteria and, to characterize and biotype the isolates, we used the same method as described 
by Fondrevez et al., (2010); this method was used previously during the one-year survey (Fondrevez et al., 
2014). In brief, samples were enriched in ITC broth; 100 ml for environmental and carcass swabs, 9 ml 
for tonsil swabs, 225ml for 25g of caecal content and for 25g of lymph nodes. After 18h at 25°C, ITC was 
streaked on CIN plate. Plates were incubated for 24h at 30°C. Typical colonies were isolated on YeCM plate 
and then on PCA. Biochemical tests were done to confirm Y. enterocolitica and identify the biotype.   

Results

The environmental contamination of trucks (0/240 swabs) and lairage (11/240 swabs) was very low. No Y. 
enterocolitica was detected in the 120 trucks. Y. enterocolitica was detected in only 11 swabs of lairage pens, 
in the sampling done in autumn. They corresponded to 5 pens for the AB1 abattoir and to 3 pens for the 
AB2 abattoir. Y. enterocolitica was detected mainly from Wednesday to Friday. Isolates were from biotype 
1A and 4 in the AB1 abattoir, and from biotype 1A in the AB2 abattoir. All internal and external samples from 
SPF pigs mixed with conventional pigs during transportation or lairage (M1 and M2) were negative after 
slaughter. For the contact during slaughter (M3), three environmental swabs of the abattoirs before activity 
were positive for Y. enterocolitica biotype 1A (2 swabs for AB1, and one for AB2). After 4 hours of activity, 
all the environmental swabs of the two abattoirs, sampled before the SPF pigs slaughtering, were negative. 
Among the 16 SPF pigs tested, slaughtered directly with no prior contact with conventional pigs, four tonsils 
and one carcass of our SPF pigs were found positive for Y. enterocolitica biotype 4 in the abattoir AB2, due 
to unidentified cross-contaminations on the slaughter line. 

Discussion

Despite a reported high contamination of pig tonsils by Y. enterocolitica (13.7% of pigs and 74.3% of the 
pig batches), for the French pigs (Fondrevez et al., 2014), we observed in this study a very low presence 
of the bacteria in the environment of the pigs during transportation and lairage. In a parallel sampling 
to our study, Leblanc-Maridor et al., (2015) isolated Salmonella in 90 to 100% of the same lairage swabs 
when pigs were present and in 30 to 60% of the truck swabs. This low environmental contamination by Y. 
enterocolitica could result from a low qualitative and quantitative presence in the feces of infected pigs and/
or a limited ability of the bacteria to survive in these conditions. In Belgium, Van Damme et al., (2015) found 
a prevalence of 25% in pig feces for a prevalence of 55% in pig tonsils, with a median concentration in Y. 
enterocolitica of 2.80 log10 CFU/g of pig feces and of 4.14 log10 CFU/g of pig tonsil. The lower prevalence for 
French pig tonsil (13.7%) suggests that the prevalence for pig feces could be lower as well, and consequently 
little participate to the dissemination of the bacteria in the environment of the animals. Indeed, a presence 
of 9.5% only was observed in French pig’s feces, in a previous study (Feurer et al., 2012). An experimental 
contamination of the SPF pigs by Y. enterocolitica confirmed that the bacteria can colonize and be excreted 
by the pigs (Personal communication, E. Esnault). Quantitative data (in progress) will specify the level of 
Y. enterocolitica excretion by the pigs. In our limited experimental conditions with SPF pigs, we were not 
able to demonstrate contamination by contact with conventional pigs during transportation and lairage 
steps, while these steps were identified as risk for transmission of Salmonella between animals (Berends 
et al., 1996). Van Damme et al., (2014) have meanwhile shown a strong correlation between the presence 
of Y. enterocolitica in the feces of slaughtered pigs and waiting times in lairage; the risk of infection (or 
fecal excretion) increasing with longer waiting times. The risk of contamination of non-infected pigs during 
transportation and lairage appears limited, but a contamination during slaughter could be observed despite 
a small number of animals tested. Indeed, four of our 16 SPF pigs became positive for tonsil during slaughter 
and one for carcass. This contamination during slaughter, due to cross-contamination from slaughtered 
infected animals, confirms that the control of the slaughtering process is necessary. In a process study 
realized in six abattoirs in France, Feurer et al. (2015) showed that a part of the carcass contamination 
originated from the pig itself and other part from cross-contaminations on the slaughter line. The presence 
of Y. enterocolitica on pig carcasses was nearly 5 times higher when the tonsils were positive, but about one 
half of the positive carcasses at the end of the slaughter line were due to cross-contaminations. Vilar et al. 
(2015) and Van Damme et al. (2015) demonstrated that presence of Y. enterocolitica in the tonsils and/or in 
feces, or in the pluck set, was a risk that the carcass becomes contaminated. 
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Conclusion

In our experimental conditions with SPF pigs, we were not able to demonstrate contamination by 
contact with conventional pigs during transportation and lairage steps, whose environmental contamination 
appeared to be scarce. Limited cross contaminations were observed during the slaughter process, which 
emphasizes the importance of good hygiene procedures to limit carcass contamination by pathogenic Y. 
enterocolitica.
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Is the Salmonella contamination of swine carcasses at slaughter related to the 
Salmonella load in caecum?
Magistrali, C.F.*; Cucco, L.; De Luca, S.; Massacci, F.R.; Maresca, C.; Medici, L.; Paniccià, M.; Scoccia, E.; Staffolani, M.; 
Pezzotti, G.

Abstract

The aim of this study was to examine the relationship between the load of Salmonella spp. in caeca 
and the carcass contamination in an Italian slaughterhouse. The sampling scheme was designed to be 
representative of the pigs slaughtered in a day and to estimate a 12% prevalence of pigs highly contaminated 
by Salmonella spp. (HCP, cecal load ≥3log). Environmental swabs were taken before slaughter. Cecal contents 
and carcass swabs were collected from the same pig. Salmonella MPN were estimated according to ISO6579-
2:2012/A1 and ISO7218:2007/E. The overall Salmonella prevalence were 34.64% and 7.19% for ceca and 
carcasses respectively, with S. Derby and S. 4,[5],12:i:- being the prevalent serotypes. The HCP prevalence 
was 11.44%. 7/59 environmental swabs tested positive; when the same serotype was isolated from the 
environment and from carcasses, the samples were excluded from further analysis. Statistical analysis was 
performed to investigate the relationship between Salmonella spp. loads in the cecum and contamination 
of the carcass of the same pig and the prevalence of HCP and the contamination of carcasses on the same 
day. For this purpose, the days were classified as “high prevalence days” depending on the proportion of 
caeca resulted positive (≥36%) and as “high load” days depending on the prevalence of HCP (≥10%). A 
correlation between the contamination of carcasses and the cecal Salmonella loads of the same animal 
was found (Spearman’s correlation coefficient: 0.2254; p-value=0.0001). No correlation was found between 
the contamination of carcasses and the categorization of the day of sampling as “high prevalence day”. 
Conversely, a correlation was found between the contamination of carcasses and the “high load” category 
of the sampling day (Wilcoxon test, p=0.0011). Notably, not the prevalence of pigs carrying Salmonella spp. 
but the prevalence of highly contaminated pigs was shown to be related to the contamination of carcasses.

Introduction

Salmonellosis is still one of the most important foodborne diseases in the EU. Even though the layer hen 
reservoir remains the most important source of human salmonellosis in the EU, in some Countries, including Italy, 
pork is considered the first contributor to the infection (Pires, 2011). The risk of Salmonella infection in man is not 
only associated to its presence on carcasses, but also to the bacterium load, since high levels of Salmonella can 
increase the consumer’s exposure. However, most data on the Salmonella prevalence in the pig production chain 
are only qualitative, and this can impair quantitative risk assessment (EFSA, 2008). At the slaughterhouse, the 
source of contamination of carcasses can be from the same animal, from other pigs, or from the environment, a 
process known as cross-contamination. Salmonella can contaminate the environment either in a persistent way, 
being present as a ‘house flora’ of the slaughter plant, or in a transient way, by cross contamination from animals 
slaughtered on the same day (Smid, 2014). In this complex scenario, the intestinal content and the faeces of 
carrier pigs are, directly or indirectly, the predominant source of Salmonella for carcasses (van Hoeck, 2011). Our 
hypothesis was that there was a positive association between the Salmonella load in the intestinal content and 
the contamination of carcasses at slaughter. This association was studied on individuals, correlating the amount 
of Salmonella in caecum and the Salmonella load of the carcass of the same pig. Then, to unveil the role of 
intestinal load in cross-contamination, the correlation between the prevalence of highly contaminated pigs and 
the contamination of carcasses on the same working day was investigated.
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Materials and Methods

Sampling: This study was carried out in a slaughterhouse located in Central Italy, with a capacity of 
2000-2200 pigs per day, operating for two days every week. The sampling scheme was designed to be 
representative of the pigs slaughtered in one day and to estimate a 12% prevalence of pigs highly 
contaminated by Salmonella spp. (HCP, cecal load ≥3log), with a 10% precision and 95% confidence level. 
The expected prevalence was calculated using the data of a pilot study. On each working day, the pigs to 
be sampled were chosen using simple randomization. Cecal contents and carcass swabs were taken from 
each pig. Carcass swabs were taken before the final washing, according to the UNI EN ISO 17604:2003/E 
procedure, in five different points for each half carcass (distal hind limb, hind limb, lateral abdomen, 
medial abdomen, mid-dorsal region) using 100 cm2 sterile square templates and pre-moistened sponge 
bags. Overall, 1000 cm2 of each carcass were sampled. At the slaughterhouse, environmental samples were 
collected at the beginning of each sampling day, before the first pig was slaughtered. Eight pre-moistened 
sponge bags were swabbed on surfaces (scald tank, carcass chute, containers for viscera, hooks, two carcass 
splitters and two sets of knives, at the beginning and at the end of the slaughter line), in each working day. 
All samples were immediately put in sterile containers, maintained at +4°C until processing and cultured 
within the following 24 hrs.

Culture: The microbiological analysis of cecal contents and carcass swabs was carried out using a 
miniaturized technique, according to ISO/TS 6579-2:2012/A1 protocol. This technique provides an estimate 
of the Salmonella spp. load, following the most probable number (MPN) method. 5 g of the cecal content and 
carcass swabs were diluted 10 fold in peptone water BPW ( Oxoid Ltd., UK). 2.5 ml of this initial suspension 
was then used to perform a series of 1:5 dilutions carried out by systematically transferring an aliquot of 0.5 
ml of each successive dilution in 2 ml of BPW. Each dilution was then incubated and processed as described in 
the procedure. The MPN values and their 95% CI were calculated using the MPN calculator, available on the 
website http://standards.iso.org/iso/ts/6579/-2. Isolates of Salmonella from positive samples were further 
serotyped according to the Kauffmann-White scheme (Popoff, 2003). Environmental swabs were analyzed 
only qualitatively, following the ISO/TS 6579 procedure, after an initial suspension in 225 ml of BPW.

Categorization of pigs and working days: Pigs were classified as highly contaminated by Salmonella spp. 
if the MPN of the cecal content was three logs or higher (HCP, cecal load ≥3log). Subsequently, the working 
days were categorized into “high load” and “low load” days depending on the prevalence of HCP. Finally, 
the working days were categorized into “high prevalence” days, if the proportion of cecal contents testing 
positive for Salmonella was 36% or higher. Working days with a proportion of positive cecal contents lower 
than 36% were classified as “low prevalence” days. This threshold was chosen according to previous data on 
Salmonella prevalence in intestinal contents at slaughter in Italy (Bonardi et al., 2003). 

Statistical analysis: When two isolates collected on the same working day, one from a carcass swab 
and the other from an environmental swab, belonged to the same serotype, the contamination was 
presumed to originate from the slaughterhouse environment. Therefore, the results of the carcass swab 
and corresponding cecal content were excluded from the statistical analysis. 

We tested data to determine if it was or was not normally distributed.

The statistical analysis was performed to evaluate the following hypotheses

i) No correlation between the Salmonella load in cecum and the Salmonella load in the corresponding 
carcass, evaluated by Spearman’s rank analysis;

ii) No difference between the contamination of carcasses on “high load” and on “low load” working days, 
evaluated by Wilcoxon’s test;

iii) No difference between the contamination of carcasses on “high prevalence” and on “low prevalence” 
working days, evaluated by the Pearson’s chi-squared test. The strength of association was measured using 
the Odd Ratio (OR).

 A p≤0.05 level of significance was set for all statistical tests.

Results

Three hundred and six (306) carcass swabs, 306 cecal contents and 59 environmental swabs, on seven 
working days, from April to November 2014, were collected during this study. The Salmonella prevalence 
was  estimated as 34.64% (CI95% 29.37%-40.30%) in cecal contents and  7.19% (CI95% 4.66%-10.84%) 
in carcass swabs. Seven out of 59 (11.9%) environmental swabs tested positive for Salmonella. The most 
common serotypes detected were the monophasic variant of Salmonella Typhimurium (4,[5],12:i:-) and S. 
Derby; data on the proportion of Salmonella serotypes recovered from different sample types are shown 
in Table 1.

The bacterial load in caeca ranged from <2log UFC/g, to >6log UFC/g, which was the upper detection 
limit of the test. In carcasses, the amount of Salmonella varied between  <2,5 UFC/cm2 and 25 UFC/ cm2.

Table 1: Salmonella spp. isolates from cecal contents, carcass swabs and environmental samples, divided according to the serotype. 
Only the serotypes isolated more than once are shown. 

S. 4,[5],12:i:- S. Derby S. Rissen S. Goldcoast S. Infantis S. London S. Panama S. Stanley S. Anatum
Total

Cecal 
content

38
(36%)

29
(27%)

15
(13%)

5
(5%)

5
(5%)

5
(5%)

2
(2%)

2
(2%)

2
(2%)

106
(100%)

Carcass 
swab

3
(14%)

3
(14%)

6
(27%)

1
(4.5%)

1 
(4.5%)

2
 (9%)

6
 (27%)

- - 22
(100%)

Env. 
Swab

3
(43%)

2
(29%)

1
(14%)

1
(14%)

- - - - - 7

The prevalence of highly contaminated pigs (HCP) was 11.44% (IC95% 8.20%-15.67%). Following the 
criteria stated above, five carcass swabs and the corresponding five cecal contents were excluded from 
further analysis because the same serotype was isolated from environmental swabs on the same working 
day. The results of statistical analysis, divided into the three objectives of the study, were as follows:

i) After analysis by Shapiro-Wilk test, the data were not normally distributed so the analysis was 
performed using Spearman’s rank analysis. A Spearman’s rank correlation coefficient of 0.2254 (p= 0.0001) 
was calculated and the null hypothesis of an absence of correlation between the Salmonella load in cecum 
and the Salmonella load in the corresponding carcass was rejected.

ii) A difference between the contamination of carcasses on “high load” and on “low load” working days 
was shown (table 2). Again, the data were not normally distributed and they were evaluated by Wilcoxon’s 
test, using a p≤0.05 level of significance. 
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Table 2: Distribution of samples from ‘high load’ and ‘low load’ working days.
 

Carcass swabs

positive negative total

‘High load’ working days 14 

(10.6%)

118

 (89.4%)

132 

(100%)

‘Low load’ working days 3

 (1.77%)

166 

(98.23%)

169

 (100%)

iii) No difference was found between the contamination of carcasses on “high prevalence” and on 
“low prevalence” working days, evaluated by the Pearson’s chi-squared test (p=0.7970). The strength of 
association was measured using the Odd Ratio (OR), and it was estimated as 0.88 (IC95%:0.28-2.64).

Discussion

In literature, few data are available on the Salmonella load in ceca of pigs at slaughter. In a study carried 
out in Denmark, only 0.18% ceca showed more than 670 UFC of Salmonella/g (Nauta, 2013), while we 
estimated a 12% prevalence of pigs with at least 1000 UFC/g. This difference can be partially justified by 
the different Salmonella prevalences in these two EU Countries. In our study, the prevalence of Salmonella 
in caeca was 35%, compared to the 2.6% reported by Nauta (2013). The amount of Salmonella recovered 
from carcasses in our study was low and near to the lower detection limit, which is in accordance with 
other authors’ reports (Nauta, 2013; Delhalle, 2009). In this study, the contamination of the slaughterhouse 
environment was linked to the contamination of carcasses. In approximately 23% of cases, the same 
serotype was identified from the house flora and from the carcasses of pigs slaughtered on the same day. 
The role of environmental contamination varies in different slaughterhouses, however the proportion we 
observed here is close to that already described in literature, which indicates house flora as responsible 
for approximately one-third of carcass contamination (van Hoeck, 2011).We showed a weak correlation 
between the contamination of the carcass and the Salmonella load in the cecum of the same pig. According 
to Berends (1997), up to 70% of carcass contamination originates from the animal itself; however, this 
hypothesis is not supported by other studies (Nauta, 2013).  More importantly, we found that the prevalence 
of pigs harbouring high Salmonella loads in ceca influenced the proportion of carcasses contaminated by 
Salmonella on the same day, suggesting a role of highly contaminated pigs in cross-contamination. The same 
effect was not observed dividing the working days according to the prevalence of pigs simply harboring 
Salmonella in caeca. Therefore, our data confirm the hypothesis that the amount of Salmonella in cecum is 
linked to the probability of the contamination of carcasses at slaughter. 

Conclusion

In this study, we showed a correlation between the prevalence of highly contaminated pigs and the 
contamination of carcasses. The same correlation with carcass contamination was not found with the 
prevalence of pigs simply carrying Salmonella spp. If confirmed, these findings suggest that a control strategy 
based on the reduction of highly contaminated pigs may be effective in preventing the contamination of 
carcasses.
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Relationship between Salmonella shedding at the slaughter and pig Salmonella 
status during the fattening period.
Casanova-Higes, A.,1 Andrés-Barranco, S.,1 Mainar-Jaime, R.C.2,*

Abstract

In this study, the pig’s risk of shedding at slaughter with regard to its previous Salmonella status was 
estimated. A total of 133 pigs were serologically monitored monthly to determine their Salmonella status 
during the fattening period. Mesenteric lymph nodes (MLN) and faecal (FEC) samples were collected further 
at slaughter for bacteriology. Pigs were grouped as non-infected pigs (group A); animals likely infected at 
the end of the fattening period (B); and animals infected at least two weeks before the end of the fattening 
period (C). The probability of shedding in group A was high (36.5%) and likely related to Salmonella exposure 
during transport or lairage, but also to possible false-negative bacteriological results. The odds of shedding 
for groups B and C was 3.1 (95%CI=1.1-9.2) and 8.2 (1.4-48.6) times higher, respectively, when compared 
to group A. Overall most of the infected pigs from groups B and C showed same serotype in MLN and 
FEC samples (61% and 77%, respectively) and PFGE analysis confirmed majority were genetically related. 
In conclusion, the control of Salmonella infection along the fattening period appears to be of utmost 
importance to prevent slaughter contamination. 

Introduction

In the EU salmonellosis is ranked as the second most important zoonosis transmitted through the 
consumption of food (EFSA, 2015), and pigs are considered the second major source of human infection 
(EFSA, 2015; Pires et al., 2011). The environmental contamination of the fattening unit is considered a 
major risk factor of Salmonella infection of slaughter pigs (Blaha, 2010). Salmonella-infected pigs are usually 
asymptomatic and, when arriving to slaughter, they usually show higher likelihood of shedding Salmonella 
than pigs at farm (Beloeil et al., 2004). Stress factors such as the transport to the abattoir and/or the mixing 
at lairage and environmental contamination of trucks and the abattoir may be responsible of this situation 
(Berends et al., 1996; Hurd et al., 2001). The aim of this study was to assess the pig’s risk of shedding 
at slaughter with regard to its previous Salmonella status at the farm in order to better understand the 
importance of these factors. 

Material and Methods

Selected pigs belonged to a farm consistently showing a high prevalence of Salmonella spp. infection. 
Pigs came from 5 cohorts that acted as control groups for different field trials carried out by our research 
team for other purposes. The animals were tagged and serologically monitored monthly (4 bleedings) for 
the presence of antibodies to determine their Salmonella status during the fattening period. Sera were 
analysed with the Herd-Check® Swine Salmonella ELISA (IDEXX Laboratories, USA) and a cut-off value of 
OD%≥40 was used to deem a pig as seropositive. Once at slaughter, mesenteric lymph nodes (MLN) and 
faecal (FEC) samples were collected for bacteriology and Salmonella culture was performed according to the 
EN ISO 6579:2002/A1:2007. Pigs were then classified in three major groups according to serology and MLN 
infection: A) non-infected pigs, i.e. pigs always seronegative (OD%<40) during the fattening period and also 
negative for bacteriology on MLN at slaughter (N=52); B) animals likely infected at the end of the fattening 
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period (within the last 2 weeks before slaughter), i.e. always seronegative during the fattening period but 
positive for bacteriology on MLN at slaughter (N=35); and C) animals infected at least two weeks before the 
end of the fattening period, i.e. pigs were seropositive in at least one of the last 3 samplings and positive 
for bacteriology on MLN (N=46). The relationship between these three groups and Salmonella shedding at 
slaughter was assessed by a logistic regression analysis (STATA, StataCorp, L.P., USA) where the outcome 
variable was the presence/absence of Salmonella spp. in feces (shedding), and the explanatory variable was 
the group (A, B and C). The cohort (1 to 5) was also included in the model as a potential confounder factor. 
A large proportion of Salmonella isolates from MLN and FEC samples from pigs belonging to groups B and C 
were serotyped at the National Reference Laboratory for Animal Salmonellosis (Madrid, Spain). When the 
same serotype was found in MLN and FEC samples for a given pig, both isolates were genotyped by pulsed-
field gel electrophoresis (PFGE) (Ribot et al., 2006) to assess their genetic relatedness.

Results and discussion

Figure 1 shows the proportion of pigs in each group shedding Salmonella spp. at slaughter. 
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Figure 1. Relationship between Salmonella shedding at slaughter and Salmonella status (based on serology and mesenteric lymph 
node infection) at the fattening unit.

The prevalence of shedding in group A (36.5%) was significantly (P<0.05) lower than that for groups B 
(63%) and C (87%). The odds of shedding for group B and C was 3.1 (95%CI= 1.1-9.2) and 8.2 (1.4-48.6) times 
higher, respectively, when compared to group A. A high proportion of Salmonella non-infected pigs ended up 
shedding Salmonella at slaughter. This percentage could not be exclusively attributed to a pig misclassification 
due to the diagnostic techniques used. In fact, the sensitivity of the bacteriology on MLN is quite high (≈87%; 
Mainar-Jaime et al, 2013). Besides, although some false-negative serological results could be expected given 
the high cut-off value used, the observed repeated negative results for the pigs in this group and the fact that 
similar results were found (not shown) when a lower cut-off value was used (OD%≥20%), suggested that the 

impact of serological misclassification was probably minor. It is more likely this result was the consequence 
of the exposure of the non-infected pigs to highly Salmonella-contaminated environments during transport 
or lairage and the subsequent circulation of the ingested salmonellae through the pig’s guts. Overall, it is very 
likely that a significant proportion of shedders in group A may have their origin from the contaminated trucks 
and abattoir premises. Pigs exposed to highly contaminated environments could get infected in a few hours 
(Berends et al., 1996; Hurd et al, 2001), thus animals from group B could be considered as recently infected 
with Salmonella, either at farm or during transport/lairage. The proportion of shedders within this group was 
high (63%) but significantly lower than that for the group of pigs that were infected along the fattening period 
(as detected by serology), which showed the highest probability of shedding the bacterium (87%; P<0.01). 
Considering that recently Salmonella-infected pigs are at the greatest risk of shedding (Scherer et al., 2008), 
this result emphasizes the importance that stress factors may have on pigs previously infected with Salmonella, 
and the need for developing strategies to prevent the infection at the fattening unit and minimize stress. Overall 
most of the infected pigs showed same serotype in MLN and FEC samples (61% in group B and 77% in group 
C). Results from the PFGE analysis confirmed that 100% of the Salmonella isolates from FEC were genetically 
related to those from MLN in group B (88% in group C). The observation that in some pigs different serotypes at 
MLN and FEC were found suggested the presence of simultaneous infections by different Salmonella serotypes 
within a pig (Garrido et al., 2014). In conclusion, in this study where the prevalence of Salmonella infection at 
the farm was high, the role that farm had on Salmonella shedding at slaughter appeared to be more important 
than that of transport and/or lairage. However, had the farm conditions be different (i.e. low prevalence of 
infection), transport and lairage might be considered as important risk factors for shedding. Salmonella-risk 
characterization at farm level and logistic transport and slaughter are therefore advisable. 
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Longitudinal study of an Australian pig farm infected with monophasic 
Salmonella Typhimurium-like PT193 (1,4,[5],12:i:- PT193) using MLVA
Hamilton, D.*, Holds, G., Hogg, G., Valcanis, M., Kiermeier, A.

Abstract

An Australian weaner-to-finish pig herd with a history of entrenched Salmonella infection (>10 months 
in duration) was sampled on 5 occasions over a 15 month period commencing in 2011. On each occasion, 
either 12 or 18 individual pen faecal samples were collected from pigs between 6 weeks and 22 weeks of 
age (n=71). From the Salmonella positive samples (n=42), a total of 346 isolates were further processed (up 
to 10 colony picks per sample). All of the 123 isolates typed were identified as monophasic S. Typhimurium-
like PT193 (mSTm193). Results of antibiotic sensitivity testing found 336 of 346 isolates were resistant to 
ampicillin, streptomycin, sulphathiozole and tetracycline (ASSuT). In addition, all 346 isolates were examined 
by MLVA and 13 different closely-related MLVA profiles were identified. Only 2 MLVA profiles persisted 
throughout the 15 month study. This study is the first report of monophasic S. Typhimurium-like PT193, its 
persistence and associated clinical disease in an Australian pig herd. 

Introduction

Although traditional serotyping differentiates Salmonella into more than 2,000 serovars, a relatively 
small subset of serovars is frequently associated with human infection and the contamination of food. Phage 
typing provides an additional level of discrimination for serovars such as S. Typhimurium (STm), but even 
more discriminatory DNA techniques are required to accurately ascertain the origin of a particular isolate. 
Consequently, regulatory authorities are increasingly turning to molecular techniques to more accurately 
identify the source of human outbreaks of food borne disease.

Traditionally, Australian pigs have been considered to have low rates of infection with Salmonella spp., 
despite the absence of an official control program. For example, the carcase E. coli and Salmonella monitoring 
(ESAM) detection rate of Salmonella is between 1 and 2%: relatively low by international standards. Further, 
S. Typhimurium is isolated from only 5% of positive ESAM samples and was likewise isolated infrequently 
from on farm sampling of pig herds, except in the rare cases of clinical salmonellosis, a condition almost 
invariably associated with S. Typhimurium in Australia (Hamilton et al, 2000; 2002; 2004; 2006; 2007). None-
the-less, when pork is associated with foodborne salmonellosis outbreaks, it is the serotype S. Typhimurium 
that is usually implicated (Pointon, 2015).

In the last 4 to 5 years there appears to have been a change in the Salmonella landscape in Australia. 
Anecdotally pig veterinarians began reporting more clinical cases and public health authorities have 
become increasingly concerned with the emergence of mSTm193 in human cases and its possible link to 
pigs (Pointon, 2015). Therefore, the aim of this study, therefore, was to find a herd with an established STm 
(preferably PT193) infection and follow it over time using molecular methods to assess on-farm persistence 
and to add to our understanding of the inherent stability and relatedness between Salmonella isolates.

Materials and Methods

An “eco shelter” based deep litter weaner to finisher farm was identified with 5% mortality and 15% morbidity 
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in 4-10 week old pigs. Weaners arrived in batches of 600 and were placed in shelters holding 300 pigs, with 
cohorts being moved every 6 weeks to larger shelters. Bedding (barley straw) management was good with liming 
between batches. Salmonella Typhimurium had been isolated from lung and spiral colon lesions at post mortem 
several times over a 10 month period prior to this study; the diagnosis being Salmonella septicaemia. 

Pre-study samples

Fortuitously, 3 isolates from 3 post mortems conducted on 4-8 week old pigs 2 months prior to this study 
commencing (i.e. in April 2011), were able to be obtained from the investigating laboratory. They were 
serotyped, phage typed, and confirmed as mSTM193.

Farm study samples

For the following 13 months (June 2011 to July 2012), individual pen faecal samples (i.e. from a single 
pig) were opportunistically collected by the consulting veterinarian during routine farm visits on 5 separate 
occasions, with either 12 or 18 samples collected each time from pigs aged between 6 and 22 weeks. Three 
age groups were targeted (6-10 weeks, 12-13 weeks and 17-22 weeks), with 6 samples taken from each age 
group available during the visit. For each sample, a minimum of 25g material was collected from a fresh, 
undisturbed faecal pat. For logistic reasons (e.g. the farm was relatively isolated and more than 2000km 
from the laboratory), the period from collection to laboratory testing varied from 4 to 18 days, with samples 
being kept at 4°C.

Weaner source farm samples

The weaner source farm was hundreds of kilometres distant from the study farm, did not have regular 
veterinary visits and had not agreed to participate in the study. Eventually, 3 months after the farm study was 
completed, an opportunity arose to collect 4 faecal samples on this source farm – from a single pen of 80 weaners. 

Laboratory methods

Once received, the entire fecal sample was weighed then added to Buffered Peptone Water (BPW) at 
a ratio of 1:10 for pre-enrichment and incubated overnight at 37°C. Aliquots of this pre-enrichment (3 x 
33µL) were inoculated onto the surface of a modified Rappaport-Vassiliadis medium (MSRV) plate (van de 
Giesson et al, 2003). These plates were then incubated upright for up to 18-24 hours at 42°C +/- 1°C and 
observed for typical halos of motile bacteria (ISO 6579). Sub-cultures were taken from the outside edge 
of the halo and purity confirmed by streaking onto CLED with Andrade’s agar and genus confirmed by 
latex agglutination using SerobactTM Salmonella. Suspicious colonies that were latex agglutination negative 
were checked by biochemistry (MICROBACTTM 24E). Where available, 10 colony picks were taken from all 
confirmed positive cultures and isolates sent to the Microbiological Diagnostic Unit Public Health Laboratory 
(MDUPHL), Melbourne, overnight for serotyping, phage typing and molecular characterization using a multi-
locus variable tandem repeat analysis (MLVA) approach. In addition MDUPHL performed antimicrobial 
susceptibility testing on all isolates by an agar dilution method. MLVA was conducted on all 10 colony picks 
(except Batch 5 where for logistic reasons only 5 picks were tested). To contain costs, serotyping and phage 
typing was limited to a subset of colony picks from each positive faecal sample. DNA was extracted using the 
Wizard Genomic DNA Purification Kit and a multiplex PCR targeting variable number tandem repeat (VNTR) 
loci STTR 5, STTR 9 and STTR10 and another targeting VNTR loci STTR 3 and STTR6 were conducted as per 
Torpdahl et al. (2007). MLVA of Salmonella isolates was performed as per Lindstedt et al (2004).

Results

The results are summarised in Table 1.

Table 1.  MLVA profiles (n=13) identified at different sampling periods

Sampling Sample date # positive 
f a e c a l 
samples

# isolates phage & 
serotyped

# isolates 
MLVA tested

# MLVA 
p r o f i l e s 
identified

Profiles identified

Pre-study April 2011 3 3 1 C

Batch 1 2 June 2011 7/18 43 43 4 ABCE

Batch 2 1 July 2011 11/12 15 110 7 ACDEFGI

Batch 3 25 August 2011 7/12 32 70 6 ACDEGH

Batch 4 7 October 2011 7/12 18 70 6 ACDJKL

Batch 5 27 July 2012 10/17 12 50 4 ACHM

Weaner farm 23 October 2012 1/4 2 10 2 CH

Total 43/75 125 356 13 A to M

Pre-study

The 3 laboratory Salmonella isolates provided, taken at post mortem some 2 months prior to the 
farm study, were identified as mSTm193, were resistant to ampicillin, streptomycin, sulphathiozole and 
tetracycline (ASSuT). The 3 isolates had the same MLVA profile (notated as C in Table 1), which persisted 
throughout the farm study and, in addition, was identified in isolates from the weaner source farm samples 
taken 18 months later. 

Farm Study

In total, 42/71 individual pen faecal samples collected over the 13 month farm study were positive for 
Salmonella spp. Positive samples were found in the three age groups targeted, however positivity appeared 
to reduce with age from 6/6 and 5/6 samples positive at 6-8 weeks to 0/6 and 2/6 at 17-22 weeks.  From the 
42 positive samples, 343 colony picks were sent for further characterization. Overall, 333/343 isolates were 
resistant to ampicillin, streptomycin, sulphathiozole and tetracycline (ASSuT). Of the 10 remaining isolates, 2/10 
colony picks from Batch2/sample4 and 7/10 picks from Batch3/sample1 were resistant to Tetracycline only and 
1/10 colony picks from Batch3/sample4 was fully sensitive to ASSuT. All 120/120 isolates selected for phage and 
serotyping from the 5 batches of the farm study were identified as mSTM193 (Table 1). There were 13 different 
MLVA profiles identified from the 356 isolates tested (3 pre-study, 343 farm study and 10 weaner source farm), 
notated as Profiles A to M in Table 1. Profiles A and C persisted throughout the farm study while Profiles B, F, I, J, K, 
L and M were each only identified in a single batch. From the 10 colony picks per sample examined by MLVA, the 
number of different profiles identified varied between one and four (i.e. 1/42 Salmonella positive faecal samples 
had at least four different profiles present and 18/42 samples had at least two).

Weaner source farm

Of the 4 weaner farm faecal samples, only one was positive. All 10 colony picks from this sample displayed 
ASSuT resistance. The isolates were identified as mSTM193 represented by 2/13 MLVA profiles (C and H) seen in 
the farm study (Table 1).
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Discussion

This longitudinal study provides the first direct evidence of the emergence and persistence of a new 
multi-drug resistant Salmonella strain (mSTM193) in an Australian pig herd, with clinical significance to both 
pigs and humans. Further, the identical MLVA profiles (A, B, C, E, and F) have been seen in an increasing 
number of human infections, with the result that pigs cannot be excluded as a possible source (Anon 2014a; 
Anon 2014b). Previous Salmonella farm studies conducted in Australia have largely been cross sectional and 
have generally isolated a variety of serovars, particularly when multiple colony picks are tested. A surprising 
finding in this study was the absence of isolates other than mSTM193 over the 13 months, despite the 
increased rigor of characterising 10 colonies picks per positive sample, in comparison to the common 
investigating laboratory practice of characterising only 1. The emergence of mSTM193 in Australia, a decade 
after its rise to prominence in Europe, raises questions as to its mode of entry, particularly considering 
Australia’s strict quarantine restrictions and the failure of STm DT104 to appear at all. The resistance profile, 
ASSuT, reflects that seen in Europe (Hopkins et al., 2010). MLVA is a powerful and sensitive technique 
for strain differentiation in this setting. How long do they persist within a herd to inform human illness 
attribution investigations? What is clear from the study so far is that in order to answer the question ‘when 
are different MLVA profiles different?, possibly related? closely related? or the same?’ it is critical to gain 
both experience in the technique and an understanding of the context in which it is used.
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Production of antibiotic-free pigs – tools and results
Bagger, J.1; Mikkelsen, S.2; Bak, H.1*

Abstract

The present paper describes preliminary results from a Danish project with production of antibiotic-free 
pigs. The project herd is a traditional Danish 500 sow herd with weaned pigs on the same site. 1/3 of the 
pigs are kept until slaughter on an adjacent farm and remaining pigs are sold to local finishing producers. 
Before initiation of the project, the herd had a consumption of antibiotics around 50% of the threshold given 
by the Danish authorities. However, the farmer took the challenge to produce pigs without any antibiotics 
at all, with the initial goal to deliver 50% antibiotic-free pigs for slaughter. The measures implemented were 
a stronger focus on management and vaccination against Lawsonia intracellularis on top of Mycoplasma 
hyopneumoniae and PCV2 vaccination. The results are promising: In the first 6 months of the project, the 
herd has not only experienced reduced use of antibiotics, but also an increased productivity. The monthly 
prescriptions of antibiotics were lowered from 2.15 to 1.86 Animal Daily Doses (ADD) per 100 pigs per day in 
the sow herd and from 8.30 to 4.19 ADD/100 pigs/day in the weaners. Compared to the previous year, the 
piglet mortality in the farrowing unit dropped by 2.5 %, the average daily weight gain in weaners increased 
by 34 g/day and the feed conversion rate dropped by 0.15 FE/kg. Data from finishers are not yet available.

Introduction

Danish pig producers use a low amount of antibiotics compared to many other pig producing countries, 
and the Danish consumption of antibiotics for livestock is among the lowest in the EU (ECDC/EFSA/EMA, 
2015). Despite this, the Danish pig producers experience a continuous pressure from the public to reduce 
the amount of antibiotics further, recently intensified by an increasing occurrence of Livestock associated 
methicillin-resistant Staphylococcus aureus (LA-MRSA) (DANMAP, 2013). A political goal has been set to 
reduce the consumption of antibiotics in the Danish pig production by 15% from 2015 until 2018 (Danish 
Food and Medicines Agency, 2015). Inspired by the public debate, the present project was initiated with the 
purpose to increase the knowledge of what it takes to produce pigs for slaughter without use of antibiotics. 
The strategy for production of piglets without antibiotics was to keep the piglets strong enough to face 
infections without need for antibiotic treatment. This primary focus points were increased attention on the 
piglets in the first weeks after birth and vaccination against common diseases. Furthermore, the hygiene in 
the barns was increased in order to decrease the infection pressure on the pigs. Monitoring ensured that 
animal welfare was not compromised and that sick animals received treatment.

Material and Methods

The project herd is a typical Danish sow herd with 500 sows, weaning piglets to separate barns on the 
same site. At approximately 30 kg live weight, 2/3 of the pigs are sold to local finishing producers, and the 
remaining 1/3 of the pigs are kept for fattening on a neighbouring farm. The goal with the project was to 
deliver 50% or more of the pigs for slaughter without any antibiotic treatment from birth to slaughter, 
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thereby decreasing the overall consumption of antibiotics, mainly in the weaned pigs. The amount 
of antibiotics prescribed in the herd was surveyed using data from the Danish Vetstat database, where 
all antibiotics are registered on a monthly basis as Animal Daily Doses (ADD) per 100 pigs per day. The 
development of antibiotic use in a herd is given as an average of the prescribed ADDs for the past 9 months. 
To identify the pigs that were raised without antibiotics, all piglets were given an ear tag at 3 days of age. If 
an antibiotic treatment had to be given, the ear tag was removed. The management procedures in the herd 
were changed to maximize the immunity and minimize the infection pressure. For a maximal immunity, the 
daily care was intensified, especially in the farrowing unit. The production system was changed from weekly 
batch farrowing to production of one larger batch every second week, and the weaning age of the piglets 
was slightly increased. Already before initiation of the project, all piglets were vaccinated against PCV2 and 
Mycoplasma hyopneumoniae, but on top of that, a vaccination program against Lawsonia intracellularis was 
implemented, because this infection was diagnosed in the weaned pigs. After weaning, the weakest pigs 
were taken out of the project, collected in separate pens and medicated to minimize the infection pressure 
and to make sure that animal welfare was not compromised. To reduce the overall infection pressure and 
the spread of infection between the pigs, extra hygienic procedures were implemented, including change 
of boots between sections and disinfection of boots. The pigs were not comingled between batches, and 
sick pigs were removed from the healthy pigs. The success of the project was measured by the antibiotic 
consumption and the productivity in the sow herd and in the weaned pigs. Quarterly efficacy reports were 
used for evaluation of productivity.

Results

Six months after initiating of the project, the results regarding reduced use of antibiotics are promising. 
The overall antibiotic consumption in the sow herd decreased by 14% from a monthly average prescription 
of 2.15 ADD/100 pigs/day to 1.86 ADD/100 pigs/day. In the weaned pigs, the monthly average prescriptions 
have decreased by 50%, from a monthly average of 8.30 ADD/100 pigs/day to 4.19 ADD/100 pigs/day, 
mainly due to a reduction in prescription of antibiotics for treatment of intestinal disorders. The reductions 
have resulted in a steady decrease of the 9 month average of antibiotic consumption (figure 1). Data from 
finishers are not yet available.

In the sow herd, production figures were at the same level or higher than the average of the previous 
year (figure 2). In the weaned pigs, the average daily weight gain was increased, and the feed consumption 
was decreased (table 1). The prewean mortality was lowered by 2.5%, but the postwean mortality was 
increased by 0.4% in the same period. Hence, the overall piglet mortality decreased by 2.1%. The optimized 
management procedures and hygienic precautions resulted in an increased work load, with approximately 
12 extra working hours spent per week.

Discussion

During the first 6 months of the project, the farmer succesfully reduced the consumption of antibiotics 
for both sows and weaned pigs without compromising the productivity. In the sow herd, most production 
figures were actually slightly better than in the previous year (figure 2). The improvement was probably 
caused by the optimized management procedures with extra care for the piglets and focus on sow feeding, 
thereby providing the best possible milk production for the piglets. This assumption is supported by the 
drop in prewean mortality, which also can be used as a parameter for the quality of the management in the 
farrowing unit. There was a slight increase in postwean mortality but still, more pigs survived from birth to 

30 kg live weight.    

In the weaned pigs, consumption of antibiotics was reduced by 50% due to a lower frequency of 
treatments against intestinal disorders. Even with this low consumption of antibiotics, the  productivity was 
increased, possibly due to the implementation of vaccination against Lawsonia intracellularis. 

Vaccination against Lawsonia intracellularis controls the disease and improves production parameters 
in infected herds (Hardge et al., 2004), but vaccinated herds also use less antibiotics than non-vaccinated 
herds (Bak and Rathkjen, 2009; Bundgaard et al., 2012).

Figure 1: Average prescription of antibiotics (9 month average) measured as ADD/100 pigs/day before and after initiation of project 
with production of antibiotic free pigs. Source: Vetstat database.

Figure 2: Production figures in the sow herd in the first quarter after initiation of the project with production of antibiotic free pigs, 
compared to the average productivity in the previous year.

Pigs vaccinated against Lawsonia
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Table 1: Feed conversion and average daily weight gain in weaners after initiation of the antibiotic free pigs   project.

 
Weaned pigs Yearly average AB free period Difference

Average daily weight gain 504 538 + 34 g/day

FE/kg gain 1,84 1,69 - 0,15 FE/kg

The combination of lowered antibiotic consumption with improved production figures highlights the 
advantage of prophylaxis compared to treatment. Vaccination protects the pigs from onset of disease, 
thereby preventing damage to the intestinal mucosa, resulting in an increased growth rate of the vaccinated 
pigs compared to non-vaccinates (Bak and Rathkjen, 2009). Hence, vaccinated pigs perform better compared 
to non-vaccinated pigs, even if the non-vaccinated pigs receive antibiotic treatments after an outbreak of 
diarrhoea.

Conclusion

Preliminary results from the project are positive, indicating that it will be possible to produce at least 50% 
of the pigs without use of antibiotics. This is possible with herd relevant vaccination programs, including 
PCV2, Mycoplasma hyopneumoniae and Lawsonia intracellularis, and with continuous focus on caretaking 
and hygiene.
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Effect of variation in oxytetracycline treatment of Lawsonia intracellularis diahrea 
in nursery pigs on treatment-efficacy and resistance development
Larsen, I.1; Mellerup, A.2; Zachariasen, C.3; Saxmose Nielsen, S4.; Folkesson, A.2; Angen, Ø.5; Christiansen, L.6;  
Græsbøl, K.7; Damborg, P3.; Nielsen, J. P.4; Olsen, J. E.3

A Danish research project, MINIRESIST, investigated the consequences of varying doses and treatment 
strategies for oxytetracycline treatment of Lawsonia intracellularis diarrhea in nursery pigs. Batches of 
nursery pigs in five herds were randomly allocated to one of five treatment protocols (batch treatment 
orally with high, normal and low doses; penwise treatment with normal dose and injection treatment 
with normal dose). Outcomes, in terms of reduction of L. intracellularis determined by qPCR, growth rate 
and fecal dry matter content (determined on 30 pigs per batch in 61 batches), and levels of tetracycline-
resistant coliforms, and quantification of resistance genes in intestinal content (determined on 15 pigs per 
batch in 80 batches), were determined and analyzed statistically. These studies were supplemented with in 
silico simulation of phenotypic resistance development in the intestine based on in vitro determined growth 
characteristics of porcine commensal E. coli in the presence of tetracycline, Low-dose batch-treatment did 
not differ significantly from normal and high dose treatment in terms of reduction of L. intracellularis, and 
phenotypic resistance levels under field conditions also did not differ statistically depending on dosing levels. 
qPCR results were shown to add to phenotypic resistance-determination with information on selected 
genes. Injection treatment resulted in the lowest number of resistant bacteria, but also in the lowest overall 
cure rate, probably because treatment was based on fecal scores, which have low sensitivity for diarrhea. 
Simulation studies suggested that resistance development was mostly dependent on the duration of the 
treatment and the total amount of oxytetracycline used per pig. Ongoing field testing has been initiated to 
confirm this conclusion, since no field experimentation has yet been performed with variation of duration 
of treatment. In conclusion, batch treatment with the lowest dose was recommended from both a disease 
and a resistance point of view.  

1Department of Large Animal Science, University of Copenhagen;
2National Veterinary Institute, Danish Technical University;
3Department of Veterinary Disease Biology, University of Copenhagen;
4Department of Large Animal Sciences, University of Copenhagen;
5National Veterinary Institute, Norway;
6Department of Applied Mathematics and Computer Science, Danish Technical University;
7Department of Applied Mathematics and Computer Science, Danish Techical University



Safepork 2015 Conference  

137Antimicrobials in swine production, antimicrobial resistance, alternative  
strategies to antimicrobial use

Present and future use of antimicrobials in pigs in developing countries and case 
studies from Uganda and Vietnam
Grace, D.1; Unger, F 1.; Roesel, K. 1; Tinega, G.2; Ndoboli, D. 3; Sinh, D. X. 4; Nguyen-Viet, H. 4; Robinsion, T. 1

Demand for pork is growing rapidly in developing countries, and will be mostly met by intensive 
production. Although this can produce large quantities of affordable meat, it can have environmental, 
social and human health externalities. We report on recent studies conducted by ILRI and partners on 
antimicrobial use in pork production in developing countries and antimicrobial resistance (AMR) in pork.

There is little information on use of antibiotics in developing countries. To help fill this gap, we demonstrate 
how projected growth in demand for pork products is linked to population and GDP and use this association 
to map global production. Based on estimates of antimicrobial use in pork production we predict overall 
use, now and into the future. This shows large increases in use, especially in the BRICS (Brazil, Russia, India, 
China and South Africa).

We present case studies AMR of Salmonella isolated from traditional pig value chains in Uganda and more 
advanced value chains in Vietnam. In Vietnam, 12% of our pork samples tested positive for antimicrobial 
residues; previous studies found AMR in 13-50% of isolates and high usage of antimicrobials by farmers. 
However, Salmonella from pigs in Uganda, which had never received antibiotics, had similar high levels of 
multi-drug resistance.

The issue of AMR in developing countries is complex. Livestock may be the sources or the victims of AMR, 
or both. While many countries have had considerable success in reducing antimicrobial use in livestock, 
developing countries face a dual problem of lack of access to antimicrobials among some smallholders and 
over-use in the intensive sector. Policies aimed to reduce use may have negative impacts on food security. 
Moreover, agriculture in developing countries is likely to have a higher dependency on antibiotics because 
of a more disease-prone environment and lower levels of biosecurity. We discuss implications.

1International Livestock Research Institute;
2International Livestock Research Institute, student;
3Makerere University, Kampala, Uganda;
4Hanoi School of Public Health, Hanoi, Vietnam
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Antimicrobial use and resistance and the relationship with health and biosecurity 
status in CIPARS data from Canadian grower-finisher swine herds
Deckert, A*1; Gow, S.1; Leger, D.1;  Agunos, A.1;  Reid-Smith, R.1;  Irwin, R.1

 

Introduction

Antimicrobial resistance (AMR) is a global threat to public and animal health.  The Canadian Integrated 
Program for Antimicrobial Resistance Surveillance (CIPARS), created in 2002, is a national program 
dedicated to the collection, integration, analysis, and communication of trends in antimicrobial use 
(AMU) and resistance (AMR) in selected bacteria from humans, animals, and animal-derived food sources 
across Canada. This information supports (i) the creation of evidence-based policies for AMU in hospitals, 
communities, and food-animal production with the aim of prolonging the effectiveness of these drugs and 
(ii) the identification of appropriate measures to contain the emergence and spread of resistant bacteria 
among animals, food, and people.

Material and Methods

The CIPARS program is composed of multiple components including Human, Retail, Abattoir, Farm, and 
Antimicrobial Use. The CIPARS Farm Swine component actively collects surveillance data from approximately 
90 sentinel grower-finisher (GF) farms in the five major pork producing provinces of Canada: Alberta, 
Saskatchewan, Manitoba, Ontario, and Québec. In 2013, 89 GF herds participated in the program. In order 
to protect producer confidentiality and optimize data quality, herd veterinarians recruit producers to the 
program and facilitate the collection of both samples and data.  During an annual herd visit, pooled pen 
fecal samples are collected from pigs that are close to market (>80 kg) and data on farm demographics, 
biosecurity measures, animal health and AMU are collected through a questionnaire. Fecal samples are 
processed and resulting Salmonella and generic Escherichia coli (E.coli) isolates are tested for resistance 
to 15 antimicrobials of human and veterinary health importance, in accordance with CIPARS protocols (1). 
Information on the status of the GF herds as well as their associated nurseries and sow herds is collected for 
11 major swine diseases.  This status is defined as confirmed positive, likely positive, confirmed negative, 
or likely negative.  Data on these diseases is also collected with respect to vaccination and the use of 
antimicrobials for treatment / control. As feed is the primary route for AMU administration in GF pigs, 
quantitative AMU data is collected for use in feed and qualitative data is collected for use in injection or 
water. 

Results

In 2013, 99 Salmonella and 1573 E.coli isolates were susceptibility tested. The proportion of Salmonella 
and E.coli isolates resistant to classes of antimicrobials commonly used in swine production was: 
azithromycin 1%, 1%; ceftiofur 6%, 11%; ampicillin 38%, 31%; and tetracycline 64%, 75% respectively. None 
of the Salmonella or E. coli isolates were resistant to ciprofloxacin. 

Overall (feed, water, and/or injection) the most commonly used antimicrobials in 2013, in the 89 enrolled 
herds included penicillin G (61%), lincomycin (40%), tylosin (33%) and chlortetracycline (30%). Parenteral 
ceftiofur use was reported by 18% of farms.  In 13% of grower-finisher herds there was no reported 
use of AMU by any route of administrations and in 27% of herds there was no AMU reported in feed. 
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Broad categories for use in feed included treatment (8%), prevention (51%) or growth promotion (41%). 
For disease prevention, the most commonly used antimicrobial classes in feed were tetracyclines (24%), 
macrolides (18%), and lincosamides (20%). Tetracyclines were most commonly used in the prevention of 
respiratory disease (20%). Macrolides (14%9) and lincosamides (11%) were the most commonly used in 
the prevention of enteric disease. The antimicrobial classes most commonly used for growth promotion in 
feed were macrolides (16%) and ionophores (18%). The greatest median grams per 1000 pig-days at risk 
(g/TPDAR) in feed were chlortetracycline (800 g/TPDAR), tilmicosin (253 g/TPDAR), and lincomycin (228 g/
TPDAR). The most common antimicrobials given to GF pigs by injection in 2013 were penicillin (53%) and 
ceftiofur (18%). The most common reasons for use of antimicrobials by injection were penicillin for the 
treatment of lameness (44%) and respiratory disease (18%), as well as ceftiofur for respiratory disease (8%) 
and lameness (10%). When antimicrobials were used by injection, 95% of the time they were administered 
to less than 5% of the pigs.  

The diseases most commonly reported as confirmed or likely positive in GF herds were Streptococcus suis 
(St. suis) (82%, 69/85), Porcine coronavirus associated disease (PCVAD) (82%, 67/82), and Lawsonia (77%, 
64/83).  The diseases most commonly reported as confirmed or likely positive in nursery herds associated 
with these GF herds were St. suis (73/76, 96%), PCVAD (95%, 72/76), and E. coli (86%, 60/70). Over 75% of 
the sow herds associated with these GF herds reported as confirmed or likely positive to E. coli, Erysipelas, 
Lawsonia, PCVAD, and St. suis. Antibiotics were most commonly used for the treatment or control of St. suis, 
Mycoplasma, and Lawsonia in GF herds and St.suis, E. coli, and Mycoplasma in nurseries.   

The vaccinations given most commonly in GF herds and associated nurseries were for PCVAD, Mycoplasma 
and Lawsonia in 20%, 16%  and 6% of GF herds and 95%, 60%, and 26%.of nurseries respectively. It should be 
noted that the percentage of herds vaccinating for these diseases was substantially higher in the associated 
nurseries than in the GF herds.  

In 2013, 60% of farms reported owning their own breeding sows; 45% kept sows on-site and 15% had 
sows off-site. Thirty-one percent of farms reported that they purchased pigs from a single source while 9% 
purchased pigs from multiple sources. Fifty-two percent of farms reported being all-in-all-out operations 
and 48% of farms indicated operating as a continuous flow system. The number of pig farms located within 
2 km of the CIPARS GF herds were; no herds (49%), 1 to 3 herds (31%), 4 to 6 herds (17%), and 7 to 10 herds 
(2%). Providing boots (92%), providing coveralls (83%) and having a biosecurity sign (87%) were the most 
commonly reported biosecurity measures. Biosecurity in the majority of GF herds (72%) included a shower 
entry or a combination of providing boots and coveralls with a minimum of 12 hours downtime. 

Modelling of data from 2009 to 2014 will be conducted in order to evaluate the impact of herd status 
for specific diseases on AMU in feed, water and by injection for prevention or treatment while accounting 
for factors such as region and year. The impact of additional factors including; the number of pig sources, 
biosecurity level, and farm density on AMU will also be explored

Discussion

Descriptive data from CIPARS Farm Swine Surveillance indicated macrolides, lincosamides, penicillins 
and tetracyclines were the most commonly used antimicrobial classes in GF feed. The Veterinary Drugs 
Directorate of Health Canada categorizes antimicrobials with respect to their importance to human health 
(2). Ceftiofur was the only antimicrobial categorized as very important to human health (Category I) that was 

used in CIPARS herds.  These results were consistent with previous North American research and support 
the representativeness of CIPARS sentinel herds with respect to AMU (3,4).  Data from sources other than 
CIPARS on biosecurity and vaccination measures in Canadian GF herds were not available. 

AMR is an issue of increasing concern to human and animal health and therefore the use of antimicrobials 
is also of concern. Antimicrobials are used in swine production systems to prevent or treat disease, as well 
as for growth promotion purposes. As a result, improvements in health status, increased vaccination and a 
focus on biosecurity have been discussed in the context of decreasing AMU at the farm level.  However, in 
order to assess the usefulness of potential initiatives it is important to better understand the relationships 
between these factors.  Data gathered through the CIPARS Farm Swine Surveillance program provide an 
opportunity to explore these relationships through modelling approaches.  

Conclusion

In order to promote prudent AMU and better understand AMR in swine herds, it is essential to have a better 

understanding of the impact of disease pressure and biosecurity measures on AMU and AMR.  The use of CIPARS 
Farm Swine surveillance data to investigate these relationships will provide valuable information to swine 
industry groups as well as individual veterinarians and producers.  
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Figure 1: Number of pig herds with reported use of specific active antimicrobial ingredients by route of administration; CIPARS 
Farm-Swine Surveillance 2013 (n = 89).

Figure 2: Reported antimicrobial use for treatment or control of specific diseases in CIPARS grower-finisher herds, by disease 
status; CIPARS Farm Swine Surveillance 2013 

Positive= “confirmed positive” or “likely positive”

Negative = “confirmed negative” or “likely negative”.

Positive & Antibiotics = Positive for a disease and used an antibiotic to control that disease 

Positive & No Antibiotics = Positive for a disease and did not use antibiotics to control that disease 
Negative & Antibiotics = Negative for a disease and used antibiotics to control that disease 

Negative & No Antibiotics = Negative for a disease and did not use antibiotics to control that disease

(1) Public Health Agency of Canada
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Quantification of antimicrobial use in Swiss pigs: comparison with other Swiss 
livestock species and with Danish pigs
Carmo, L. P.1; Schüpbach. G. 1; Müntener, C. 2; Alban, L. 3; Nielsen, L. R. 4; Magouras, I. 1

Few countries have introduced monitoring of antimicrobial usage (AMU) per animal species. Such 
an achievement is an objective of the ESVAC project (European Surveillance of Veterinary Antimicrobial 
Consumption). Implementing these monitoring systems would allow detailed AMU comparisons between 
countries enabling an evaluation of interventions to reduce antimicrobial consumption effectively.

In line with the abovementioned, a Monte-Carlo simulation model (MCSM) was developed to estimate 
AMU per species in Switzerland in the period 2006-2012. PERT distributions were generated by combining 
sales data, information collected from the Swiss Veterinary Drug Compendium and data derived from a 
field study on Swiss prescription patterns. Obtained outputs allowed extrapolating from sales data to the 
proportion of AMU by each species, at antimicrobial class level.

AMU in Danish pigs was calculated as mg/Population Correction Unit (PCU) using the Danish Integrated 
Antimicrobial Resistance Monitoring and Research Programme (DANMAP) and ESVAC as data sources. Pig 
AMU was compared between the two countries.

In general, MCSM results indicated a decreasing trend in Swiss AMU for all species. Pigs dominated AMU 
in Switzerland (varying between 111 mg/PCU in 2008 and 78 mg/PCU in 2012), over cattle (from 89 mg/
PCU in 2008 to 73 mg/PCU in 2012) and poultry (from 21 mg/PCU in 2006 to 9 mg/PCU in 2012). Danish pig 
AMU was lower than Swiss pig AMU with values ranging between 44 and 57 mg/PCU. Additionally, the use 
of different antimicrobial classes in pigs varied between the countries.

Comparisons should be assessed with caution as different data collection strategies and methodologies 
were used to quantify AMU. Moreover, antimicrobial potency was not considered in these AMU estimates. 
Nevertheless, results suggest that there is still room for an AMU reduction in the Swiss pig sector. Further 
efforts should be made to understand what drives AMU and consumption patterns in Switzerland and other 
countries.

1Veterinary Public Health Institute, Vetsuisse Faculty, University of Bern, Bern, Switzerland;
2Institut für Veterinärpharmakologie und –toxikologie, Vetsuisse Faculty, University of Zürich, Zürich, Switzerland;
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4Department of Large Animal Sciences, Faculty of Health and Medical Sciences, University of Copenhagen, Copenhagen, Denmark
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Wild boars as a source of antimicrobial resistant Escherichia coli
Wasyl, D.1; Zając, M. 1; Hoszowski, A. 1

To reveal wild boars as a reservoir of antimicrobial resistance 332 faecal samples were collected from 
individual wild boars shot during 42 hunts within two seasons (2012/13 and 2013/14) in 34 regional forests 
scattered over the whole territory of Poland. Direct streak on MacConkey agar was used for isolation of 
indicator, commensal of Escherichia(E.) coli, whereas ceforaxime-supplemented (2 mg/L) MacConkey 
gave estimates on prevalence of cephalosporin-resistant E. coli. PCR targeting uspA gene was used for 
identification of presumptive E. coli followed by MIC determination using Sensititre® EUVMS2 and EUVSEC2 
(cephalosporin resistant isolates) plates. MICs were interpreted according to EUCAST epidemiological cut-off 
values. A total of 278 commensal E. coli were retrieved (83,7% recovery rate) along with nine cephalosporin 
resistant isolates (2,7%; 1,0 ÷ 4,5%). Commensal isolates conferred resistance against 10 of 14 antimicrobials 
tested reaching the highest values for sulfamethoxazole (8.3 %), ampicillin (2.5%), streptomycin (2.2%), 
trimethoprim, ciprofloxacin, and tetracycline (1.8% each). Chloramphenicol, nalidixic acid, gentamicin, 
and kanamycin resistances ranged between 0.4 % and 1.1%. Two Ciprofloxacin-NWT and Nalidixic acid-WT 
isolates carried PMQR genes identified further with sequencing as qnrS1 gene (or qnrS3, the product too 
short to discriminate). Of the nine cephalosporin-resistant isolates the mechanism resistance was identified 
as blaCMY-2 (N=6), and three true-ESBLs, including blaCTX-M-15 and blaCTX-M-1(N=2). CTX-M-15(+) E. coli carried 
also qnrS1 gene. A variety of plasmids were observed in cephalosporin resistant isolates (data not shown). 
PBRT done on one of CMY-2(+) isolates classified the resistance plasmid to IncI1-alpha incomparability 
group. None of the cephalosporin resistant isolates harbored pathogenicity markers (PCR) typical for 
enteropathogenic, enteroaggregative, enterotoxigenic, enteroinvasive or verotoxin-producing E. coli. The 
results prove wild boars as environmental pool of cephalosporin and PMQR resistance genes. Their origin 
cannot be defined, since they might easily originate from the environment itself, or from farm animals, since 
wild boars are often foraging on agricultural areas. The results draw attention to environmental aspects of 
spread of resistance.

1National Veterinary Research Institute, Department of Microbiology, Puławy, Poland
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Antimicrobial resistance of human pathogenic Y. enterocolitica and Y. 
pseudotuberculosis of porcine and human origin and variation between pig farms
Vanantwerpen, G1.; Berkvens, D.2; De Zutter, L.1; Houf, K.1

Yersiniosis is the third most frequent reported zoonose in Europe and caused by human pathogenic Y. 
enterocolitica and Y. pseudotuberculosis. Consumption of pork is the main source of human infection and 
healthy pigs have been identified as the primary reservoir. During pig production, antimicrobial agents are 
administered as treatment or prophylaxis, inducing antibiotic resistance. Nevertheless, little information 
is available about (1) the susceptibility of human pathogenic Y. enterocolitica and Y. pseudotuberculosis of 
porcine and human isolates to antibiotics; (2) the antimicrobial resistance patterns on pig farms and (3) the 
relation between the antimicrobial use at the farm and the resistance level of porcine isolates.

The antimicrobial resistance of 870 Y. enterocolitica isolates from 43 pig farms, 21 Y. pseudotuberculosis 
isolates from 7 pig farms and 78 isolates from human origin was analyzed by the MIC broth dilution method. 
The following antimicrobial agents were tested: amoxicillin, ceftiofur, gentamicin, nalidixic acid, colistin, 
doxycyclin, tylosin and sulfamethoxazole/trimethoprim.

No porcine Y. enterocolitica isolate showed susceptibility to tylosin and amoxicillin, while the highest 
susceptibility rate was registered for ceftiofur. There were 77 multiresistant porcine Y. enterocolitica isolates 
involving 4 up to 7 antimicrobial agents. All Y. pseudotuberculosis isolates were resistant to amoxicillin and 
susceptible to ceftiofur and gentamicin. Only one Y. pseudotuberculosis isolate was multiresistant. All 78 
human Y. enterocolitica isolates were resistant to tylosin and sensitive to ceftiofur. Thirty-seven isolates 
were found resistant to 4 up to 6 antimicrobials. Ceftiofur showed the lowest MIC90. Most farms (n=36) 
harbored 100% sensitive Y. enterocolitica isolates to doxycyclin, ceftiofur, nalidixic acid and gentamicin. 
In the end, a relation between using antimicrobial agents at the farm and the resistance pattern was not 
detected.

1Department Veterinary Public Health and Food Safety, Faculty Veterinary Medicine, Ghent University, Merelbeke, Belgium;
2Unit of Veterinary Biostatistics and Epidemiology, Department of Animal Health, Institute of Tropical Medicine, Antwerp, Belgium
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Methicillin-sensitive and Methicillin-resistant Staphylococcus aureus in pigs: (co-) 
colonization dynamics and clonal diversity
Fetsch, A.*1, Roesler, U. 2, Kraushaar, B. 1, Friese, A. 2

Abstract

Methicillin-susceptible Staphylococcus (S.) aureus (MSSA) and methicillin-resistant S. aureus (MRSA) are 
colonizers of skin and mucosa. In humans, MSSA and MRSA compete for colonization space in the anterior 
nares and one clone can be found rather than differing types of MSSA and MRSA. We investigated the 
colonization dynamics and clonality of both, MSSA and MRSA in pigs over a longer time period. Eighteen 
sows were nasally sampled three times every ten weeks. Additionally, environmental samples were taken. 
Samples were investigated for MSSA and MRSA, respectively. Spa-typing was done with up to five MRSA and 
MSSA isolates found per sample and time point; selected isolates were further investigated by microarray. 
38.9 % of sows were infrequently MSSA/MRSA co-colonized and 16.7 % were permanent carriers of MSSA. 
The majority of sows showed a changing colonization status. CC398 and CC9 associated spa-types were 
exclusively found among MRSA and MSSA, respectively. In 44.4 % of sows at least two different types of 
MSSA were present at the same time and sample. Strains of the same clonal lineage showed a high genetic 
identity despite their origin. MSSA of different spa-types but 100 % identical microarray profiles were found 
in sows and their environment. Our results show that pigs may be colonized with MSSA and MRSA at the 
same time, i.e. that MSSA/MRSA do not exclude each other in the anterior nares of pigs. Highly identic 
clones are present in sows and their environment, but pigs can be colonized with different clones at the 
same time. 

Introduction

Methicillin-susceptible Staphylococcus (S.) aureus (MSSA) and methicillin-resistant S. aureus (MRSA) are 
colonizers of skin and mucosa and may cause severe infections both, in humans and animals. In the last 
decade, MRSA were frequently detected in healthy farm animals. Especially MRSA of the clonal complex 
(CC) 398 are widespread in the pig population in Europe (Graveland et al., 2011) and are also able to 
cause serious diseases in animals and humans (van der Mee-Marquet et al., 2014). Livestock professionals 
(farmers, veterinarians etc.) have a higher risk to get colonized with these so called livestock-associated (LA-) 
MRSA (van Cleef et al., 2011). In this context MSSA carriage in pig farmers as a possible protective effect 
against the colonization with MRSA was postulated (van Cleef et al., 2014). A multiple strain colonization of 
S. aureus has already been shown in humans (Votintseva et al., 2014) and in pigs (Espinosa-Gongora et al., 
2014; Vandendriessche et al., 2014). We aimed to investigate the colonization dynamics of both, MSSA and 
MRSA in sows over a longer time period (30 weeks). Hence, the clonal diversity of MSSA and MRSA found 
was investigated as little is known about the clonality of MSSA, neither in pigs nor their environment while 
it is well described that the majority of MRSA found in pigs belong to CC398 (EFSA, 2009). Special emphasize 
was also given to the animals´ environment as this might have an important impact as a potential source for 
colonization (Broens et al., 2012).
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Material and Methods

Sampling

Eighteen sows and their environment were investigated. The animals were sampled three times at 
intervals of about ten weeks. The sows were housed in four groups (A, B, C, and D) within one barn with 
possible direct contact between group A and B as well as between group C and D. One anterior nostril of 
every pig was sampled using a dry cotton swab (Sarstedt AG & Co. KG, Nümbrecht, Germany). Additionally, in 
every group environmental samples from walls, toys, brushes, watering places, and troughs were collected 
at the 2nd and 3rd sampling time by swabbing five different locations each using the same cotton swab 
moistened with 1.5 ml phosphate buffered saline (PBS), together with one boot swab sample and a pooled 
dust sample from the whole barn.

Laboratory analyses

Isolation

Each swab was incubated in 10 ml Mueller Hinton broth with 6.5 % NaCl (MHB+) overnight at 37°C. One 
loop of the MHB+ was then streaked onto the S. aureus selective agar (BBL™ CHROMagar™ Staph aureus, 
Becton and Dickinson, USA) and incubated under aerobic conditions for 24 hours at 37°C. Another 1 ml of 
the MHB+ was added to 9 ml tryptone soy broth including 75 mg/l aztreonam and 3.5 mg/l cefoxitin (TSB+) 
to grow MRSA aerobically at 37°C for 17 hours. After that, a loop-full of TSB+ was streaked onto selective 
MRSA agar (CHROMagarMRSATM, MAST Diagnostica GmbH, Reinfeld, Germany) and incubated at the same 
conditions.

Identification and characterization of MSSA and MRSA isolates

Up to five MRSA and MSSA isolates per sample were further characterized. All susceptive isolates were 
phenotypically examined. Subsequently DNA of the isolates was extracted using the DNeasy Blood and 
Tissue kit (Qiagen, Hilden, Germany). Isolates were confirmed as MSSA and MRSA, resp., by means of an 
in-house multiplex-Real-Time PCR (adapted to (Fosheim et al., 2011; Kilic et al., 2010)). Spa- (Shopsin et al., 
1999) and in case of MRSA, SCCmec- (Zhang et al., 2005) typing were also conducted. 

To investigate the clonal identity of strains isolated from the animals and the environment, a subset of 
62 MSSA and MRSA isolates was selected and investigated by means of a highly discriminatory microarray 
analysis (Identibac S. aureus Genotyping, Alere Technologies GmbH, Jena, Germany) according to the 
manufacturer’s instructions. 

Results

Overall, 38.9 % of pigs were infrequently MSSA/MRSA co-colonized; 16.7 % were permanent car-riers of 
MSSA while the majority of pigs (66.7 %) showed a changing colonization status (Figure 1). 

Figure 1 Frequency of detection of MSSA, MRSA, and MSSA/MRSA co-colonization in 18 sows

* Numbers in brackets mean the number of animals where MSSA, MRSA or MSSA/MRSA co-colonization was detected in relation 
to the total number of animals tested mbers in brackets mean the number of animals where MSSA, MRSA or MSSA/MRSA co-
colonization was detected in relation to the total number of animals tested

MSSA and MRSA were also detected in environmental samples: In total, 16 out of 54 (29.6 %) 
environmental swabs were MSSA positive and 11 (20.4 %) were MRSA positive; both, MSSA and MRSA were 
also detected in the same environment and at the same sampling time. 

CC398 (t034, t011) and CC9 (t337, t1430, and t13816) associated spa-types were exclusively found 
among MRSA and MSSA, respectively. All of the 120 MRSA isolated from animals and the environment 
harbored a SCC-mec cassette of type V. In 44.4 % of pigs MSSA of up to two different spa-types were present 
at the same time and sample. MSSA strains were highly identical (96.5 % homogeneity) and clearly distinct 
from the selected MRSA strains, irrespective of their origin (animal vs. environment). Strains of the same 
clonal lineage showed a high genetic identity despite their origin. 

Discussion

From the sows of our study, 38.9 % were co-colonized with MSSA and MRSA at the same time and 
sample, resp. at least once during the study period. These findings do not support the hypothesis that MSSA 
and MRSA compete for colonization space. Others too concluded that MRSA seem to add to the burden of 
S. aureus rather than replacing it (Vandendriessche et al., 2014), also in humans (Cespedes et al., 2005).

Spa-typing and microarray analyses showed a clear discrimination between MSSA and MRSA originating 
from the sows of our study. On the one hand MSSA found in sows mainly belonged to CC9 associated spa-
types. Other authors confirm these findings but did also detect CC398 associated spa-types (Hasman et 
al., 2010; Vandendriessche et al., 2014). On the other hand, the majority of MRSA found in pigs belong to 
CC398 associated spa-types (EFSA, 2009; Smith and Pearson, 2011), also in the present study. Interestingly, 
none of the study pigs harbored MRSA of more than one differing spa-type at the same time and over the 
study period, resp. In contrast, two different spa-types of MSSA were present at the same time and sample 
in the majority of pigs. A multiple-strain colonization in human nasal carriers of S. aureus been shown 
recently (Votintseva et al., 2014). These findings call for a critical review of the number of isolates that need 
to be analyzed, particularly in case of in-depth epidemiological investigations.
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Molecular analysis of MSSA and MRSA isolated within our study revealed that strains detected both, 
at animal level and in the environment were highly identical or, in the latter case, did even show 100 % 
homogeneity in the microarray cluster analysis. This may allow for the conclusion that clones are exchanged 
between pigs and their environment.

Conclusion

Pigs may be colonized with MSSA and MRSA at the same time, i.e. MSSA/MRSA do not exclude each 
other in the anterior nares of pigs;

Pigs can be colonized with different clones at the same time;

Highly identic MSSA and MRSA clones are present in pigs and their environment.
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Keynote lecture

One health approach to food safety in pork production chain
Dr. Katinka de Balogh - FAO. Rome

Food and Agriculture Organization of the United Nations

With the increase in worldwide demand for meat, fast-growing species with efficient feed conversion 
rates – such as pigs – are likely to account for a major share in the growth in the livestock subsector. 
Commercial pig production has intensified significantly in recent decades. In developing countries, half of 
the current pig population is still kept in traditional small-scale subsistence-driven production systems in 
which pigs provide much more than meat playing a role as a financial safety net, providing additional cash 
for school fees, medical treatment or small investments beside being part of cultural traditions.

In the last 30 years, several new diseases of swine have been described. Some of these infections 
are zoonotic and besides affecting humans and animals, environmental contamination is of concern. 
Furthermore, antimicrobial resistance threatens the effective prevention and treatment of an ever-
increasing range of infections caused by bacteria, parasites, viruses and fungi, posing a serious threat to 
global public health. Pig production and pork consumption can have a direct impact on human health 
and a holistic approach under what is known as the “One Health” approach is needed to maximize the 
benefits of the sector and minimize potential threats to health and wellbeing of humans, animals and the 
environment. This requires not only the close collaboration between different sectors such as physicians, 
veterinarians and environmental scientists but also the involvement of a range of other disciplines including 
(risk) communication, social sciences, public policy, cultural-anthropology as well as making use of new 
technologies. The application of One Health is more and more being  applied in addressing food safety and 
complex health threats and could play an increasing role also in the pork production chain, contributing to 
improved food security in an ever globalizing world. 
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Molecular serotyping and virulence potential of Listeria monocytogenes isolated 
from bovine, swine and human in the province of Quebec.
Fravalo P*1., Cherifi T1., Neira K1., Letellier A1. Fairbrother J-H2., Bekal S3.

Listeria monocytogenes (L mono) cause rare but critical diseases, particularly for at risk population that 
include pregnant women. Food-borne origin of listeriosis is clearly recognised only since 1984. Since then, a 
great number of grouped cases occurred and milk or meat products, particularly pork meat, were implicated. 
Management of this zoonotic pathogen considers all strains as at equal risk. Recently a new perspective 
for characterisation of strain virulence was allowed since unaltered sequence of InlA was recognised as 
a key for strain virulence. Such complete InlA were reported as infrequent in so called environmental 
strains. Analyses of inlA sequences in strains involved in clinical cases will contribute to establish a risk 
based surveillance of L mono in food production. The aim of the project was, based on serovar and InlA 
sequencing characterisations of the strains, to compare L mono involved in animal from human cases, 
and clinical strains from environmental ones. In Quebec in 2013/2014 the surveillance of L mono clinical 
isolates provided a total of 20 strains from animal origin, and 16 PFGE-type isolated from human cases. The 
strain collection was completed by 32 L mono strains from holding pens of 3 main pork slaughter facilities 
in Quebec in 2011/2014.  A PCR multiplex PCR protocol for serogrouping was used, and we propose a 
complement to easily reach the serovar identification (flaA PCR and agglutination against limited number of 
serum). inlA gene sequencing allows analysing the presence of SNP that conduct to truncated or modified 
InlA (PMSC-SNP). Serovar analyses show that proportions of IVB IIB vs. IIA serogroups differ according to 
the origin of the strain (Fisher p<0.05). Detection of low proportion of PMSC-SNP in inlA gene from clinical 
origin will be discussed in perspective of industrial management of the L mono risk.

1 Research Chair in Meat Safety, Veterinary Medicine Faculty, University of Montreal, Saint Hyacinthe Qc, Canada;
2 CDEVQ Ministry of Agriculture, Fisheries and Food, Saint Hyacinthe, Qc Canada;
3 Provincial public health laboratory (LSPQ), Quebec, Qc Canada

Philippe FRAVALO CRSV Faculté de médecine vétérinaire - Université de Montréal 3190 rue Sicotte - Pavillon de Santé Publique 
Vétérinaire J2S 7C6 Saint Hyacinthe Qc Canada.
e-mail : philippe.fravalo@montreal.ca
Fax : 1 450 778 8128
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MRSA transmission between pigs and veterinarians. A model of occupational risk.
De Faveri, E. (1), Fossati, P. (2), Castellani, I. (2), Sala, V. (1)*

Abstract 

The populations of MRSA are classified in relation to their origin, differentiating S. aureus Healthcare-
Acquired (HA), Community-Acquired (CA) and Livestock-Acquired (LA ). For LA-MRSA livestock animals have 
an important epidemiological role. This has raised the suspicion that the intensive husbandry may be, for the 
frequency and intensity of use of antibacterial treatments, an elective field of clonal selection of antibiotic 
resistance. The presence of LA- MRSA in pig production is sure in many countries and the pig is considered 
a reservoir for transmission to humans and other animals. In fact, farmers and production workers have 
a higher rate of colonization than the rest of the population. This work reports the presence of MRSA in 
veterinarians employed in pig production (35.67% of nasal carriers). The fingerprinting comparison of man 
isolates with pig isolates indicated that many of the them belong to the same genomic patterns.

Introduction 

The first resistant clones of Staphylococcus aureus were reported shortly after the introduction of 
methicillin into clinical practice, but until 1980 their relevance was low (Brumfitt & Hamilton-Miller, 1989). 
Only later, Methicillin-Resistant Staphylococcus Aureus (MRSA) were included among the principal agents of 
nosocomial infections in the world. Today, in the United States and Europe, up to 30-50% of Staphylococcus 
aureus responsible for hospital infections are methicillin-resistant (EARSS, 2008; NNIS, 2002) while in the 
Netherlands and Scandinavia resistance rates are below 3%, due to prevention and properly managed control 
plans. The populations of MRSA are now classified on the basis of origin and / or increased circulation, thus 
distinguishing Healthcare-Acquired (HA-MRSA), Community-Acquired (CA-MRSA) and Livestock-Acquired 
(LA-MRSA). For the latter, the food-producing animals have an epidemiologically decisive role, and this 
has led to the hypothesis that intensive animal husbandry may be, because of the frequency of use of 
antibacterial drugs, an elective field of clonal selection of antibiotic-resistance.

Materials and methods 

157 veterinarians, working in different roles in pig production were included in the study. The sample 
included farm practitioners, operators and laboratorians in Veterinary Public Health, professionals working 
in pig industry and Commercial Companies and farm technicians. All samples were taken, prior informed 
consent, by unilateral nasal swab.

The sampling procedures were performed in compliance with Article 13 of the Italian Decree No. 
106/2006, June 30 “Code on the protection of personal data”. Each person has provided informed consent to 
the sampling procedure and personal details treatment. The project was previously approved by the Ethics 
Committee of the University of Milan. Nasal sampling was performed using disposable sterile swab with 
transport media (Ames W/OCH – Oxoid, Italy) Sample was aseptically performed in a non-traumatic way, 
avoiding any possibly contaminant contact. Swabs were immediately refrigerated (4-8°C) and transferred to 
the laboratory for analysis.

The swine strains came from the MRSA collection of the Swine Pathology Laboratory of the Veterinary 
Science and Public Health Department and were isolated from swine nasal swabs sampled in northern Italy 
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pig-farms. The MRSA selective bacteriology was performed by the same laboratory, while the biomolecular 
phase was achieved near the of Microbiology, Virology and Bio-emergency Diagnostics Laboratory of the  
“Luigi Sacco” University Hospital in Milan. The steps of the process are summarized below.

Bacteriology of nasal swabs

• Direct inoculation of MSA2 Gelose Chapman 2 Agar (Biomerieux, France) and of selective Oxacillin-
Salt Screen Agar (Biolife Italiana). Both media were incubated at 37°C for 18-24 hours.

• Reading and interpretation. On MSA2 coagulase-positive staphylococci (S. aureus) produce colonies 
with yellow halo, while coagulase-negative colonies are white and without color change. On 
Oxacillin Screen Agar, the strains able to grow can be considered oxacillin-resistant (the resistance is 
comprehensive of methicillin and nafcillin). The evaluation of growth on the two media allows the 
identification of methicillin-resistant S. aureus (MRSA). 

• After revitalization passage on 5% bovine blood agar, the isolates were frozen at -20°C in Nutrient 
Broth (Oxoid Italy) with 15% glycerol for one week and subsequently replicated on Tryptic Soy Agar 
(Biomerieux, France) before biomolecular survey.

Molecular biology

The methicillin-resistant strains of Staphylococcus aureus were analyzed by rep-PCR (DiversiLab System 
- Biomerieux, France) near the Laboratory of Microbiology, Virology and Bioemergency Diagnostics of the 
University Hospital Centre “Luigi Sacco” in Milan (Italy). Through this technique, similar isolates can be 
classified in different genotypic patterns. Its application involves three subsequent steps: extraction of 
bacterial DNA (via Ultraclean® Microbial DNA Isolation kit - Biomerieux, France), rep-PCR amplification 
and detection of DNA fingerprinting by electropherogram. Through a dedicated software (DiversiLab - 
Biomerieux, France) is therefore possible to compare the fingerprints and classify them in patterns. 42 
isolates from man and 32 from pig were processed.

Results and Discussion

Bacteriology

The available results are organized in Table 1. They concern the isolations from nasal swabs of veterinarians 
and technicians professionally involved in the pig industry. MRSA was widely isolated from nasal mucosa of 
the employed in pig farming professionals, regardless of age and years of occupation. However, there is a 
correspondence between the times spent in close contact with pigs, because the veterinary practitioners 
are the core of positivity.

n. of swabs Negative S. aureus pos. MRSA pos.

Veterinarians n. 157 74 27 56

% 100 47.13 17.20 35,67

Table 1. Isolation of MRSA from Swine Veterinarians in Italy

Molecular biology

The results obtained by DiversiLab are organized in Table 2. 42 isolates from man and 32 from pig were 
processed by rep-PCR. The applied system allows assessing the level of similarity of the genomic design of 

isolates, expressing different patterns within which strains are genomically similar. Our analysis located the 
isolates from man and pig in 8 patterns and the strains were distributed as shown in Table 2 and figure 1.

Pattern N. isolates Origin

1 2 vet

2 2 vet

3 2 vet

4 3 2 vet 1 swine

5 19 5 vet, 14 swine

6 42 29 vet, 13 swine

7 2 swine

8 2 swine

74 42 vet 32 swine

Table 2. Breakdown of isolates among the genomic patterns.

Figure 1. Identification patterns. Graphical representation.

The pattern 5 and 6 were the most important, comprising 19 and 42 isolates respectively. Both showed 
genomic similarities among isolates of the two species. Those of porcine origin prevailed in pattern 5, while 
those of human origin were prevalent in pattern 6. Even pattern 4 comprised both species, but with only 
three isolations. All other isolations included isolates coming from only one species.

Conclusions

The presence and circulation of MRSA in human communities and in intensive livestock farming are 
proven and in many cases considered as unavoidable. The prevalence of silent localization is particularly 
high and related to occupational exposure in pig farming.

In fact, of 157 veterinarians and farm operators, 56 (35.67% of the sample) were oro-nasal carriers of 
MRSA. This percentage of positivity is greater than that reported in other exposed human categories and 
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this is a worrying indication.

In addition, 36 isolates from humans (on 42 tested) were placed in the patterns 4, 5 and 6, together 
with isolates from pigs, while in the remaining 5 patterns, 10 strain of exclusive human or swine origin were 
found.

These results indicate the inter-specificity of MRSA clones. This feature enhances the diffusion and 
pathogenic capacity of any microorganism and methicillin-resistant S. aureus is particularly skilled in the 
expression of this ability.

We have already observed the MRSA spread to family members of vets, proving the epidemiological 
importance of the so-called Livestock-Acquired MRSA and their ability to reach the non-occupationally 
exposed population. The correlation between occupational exposure and biological risk is another aspect to 
be considered for MRSA, but also for other antibiotic-resistant bacteria. Moreover, the concept of biological 
risk must be revised, considering the progressive selection of bacterial clones in intensive pig farming.

Based on the available data, we cannot say that the risk is directly related to age or years of exposure. 
First of all, it depends by the increasing spread of the organism and from the increase of animal carriers. Our 
project finally considers the epidemiology of antibiotic-resistance path, along which the selection is made in 
the animal field and the occupational exposure can be the way of entry into the circulation between people.
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Characterization of Staphylococcus aureus colonization in swine veterinarians: an 
18-month longitudinal study
Sun, J.1; Young, M., Davies. P.*

Abstract

Research over 10 years has established the high risk of occupational exposure to MRSA in people 
working with pigs. However the nature of nasal colonization with livestock associated MRSA (LA-MRSA) and 
its health implications remain poorly understood. Multiple studies confirmed that detection rates in pigs, 
farm workers and veterinarians were higher than in people without animal exposure, but elevated risk of 
infection in these groups has not been clearly shown. We conducted a longitudinal study for 18 months to 
describe patterns of S.aureus (SA) colonization and infection in swine veterinarians. Overall, the monthly 
prevalence of SA and MRSA from nasal swabs of veterinarians was 58  to 82%, and 6 to15%, respectively. 
Predominant spa types were t034 (ST398, 50%), t002 (ST5, 25%) and t337 (ST9, 18%), a distribution similar 
to that found in a concurrent study in pigs in the USA. Despite this high level of exposure, and frequent 
occurrence of minor injuries in the cohort, no confirmed cases of infection were reported. Based on 
detection patterns, veterinarians were classified into three groups: Persistent carrier (PC, 38%), Intermittent 
carrier (IC, 61%) and Non-carrier (NC, 1%). Based on one-time quantitative testing of nasal swabs without 
enrichment, PC veterinarians carried significantly higher numbers of SA than IC. Among IC veterinarians, 
culture positivity was significantly associated with recent contact with pigs. Elevated prevalence of SA and 
MRSA in US veterinarians appears to be a consequence of exposure to pigs, however MRSA prevalence was 
much lower than seen in a similar study in Holland. Exposure did not lead to prolonged colonization in most 
subjects, and the higher numbers of SA in PC subjects suggests that unknown host factors may determine 
the likelihood of prolonged  colonization by SA of livestock origin. Although the period of follow up was 
limited, the absence of clinical infections despite regular exposure suggests that major health risks due to 
livestock associated SA are unlikely.

Introduction

Methicillin resistant Staphylococcus aureus (MRSA) was long perceived as a problem confined to the 
human medical arena, with animal reservoirs considered to be of negligible epidemiological significance. It 
is now more than a decade since the discovery of ST398 MRSA in pigs in the Netherlands undermined this 
paradigm.(Voss et al., 2005) In the interim, substantial research in many countries has consistently confirmed 
that people working in contact with live pigs (farmers, veterinarians, abattoir workers and their families) 
are at elevated risk of being culture positive for MRSA, due to exposure to livestock associated variants in 
the animal reservoir. While ST398 MRSA were initially referred to synonymously as ‘livestock associated 
MRSA’, the epidemiology of livestock associated MRSA is now known to be more complex. The predominant 
genotypes of MRSA in pigs have been found to vary geographically, with ST9 being the predominant lineage 
in Asia (Chuang and Huang, 2015). Previous studies of MRSA in pigs in North America have variably reported 
predominance of ST398 or ST5 variants, and ST9 variants have also been isolated. (Smith et al., 2009; Molla 
et al., 2012; Frana et al., 2013; Smith et al., 2013). Although isolates of the ST398 clonal complex have 
been predominant in most human studies, this likely reflects the status of the relevant swine populations. 
Individual studies have reported ST5 and ST9 isolates to be predominant in people exposed to pigs in North 
America and Asia respectively.(Neela et al., 2009; Frana et al., 2013)
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There are multiple reports of severe or fatal systemic infections in people with ST398 S.aureus which confirm 
that organisms of this lineage have the potential to be serious human pathogens.(Ekkelenkamp et al., 2006; 
Rasigade et al., 2011; Kock et al., 2013) However, there is minimal information about the incidence and severity of 
clinical infections with ST398 S.aureus in livestock workers, and most cases reported of severe and fatal infections 
with ST398 MRSA have involved elderly and medically compromised patients without known animal contact.  To 
date there is little available information about the actual clinical risk associated with livestock exposures.  A recent 
and large study (over 15,000 person-months) of rural residents in the state of Iowa found MRSA colonization was 
not elevated in individuals with current or past livestock exposure, and no cases of ST398 MRSA infection were 
identified. (Wardyn et al., 2015)  Furthermore, the nature of the phenomenon of culture positivity of humans 
with S.aureus of livestock origin is incompletely understood. This is due in part to the difficulty in distinguishing 
long term colonization from serial recontamination in people who are routinely exposed to animals, and also 
to the paucity of long-term longitudinal studies of at risk individuals. The overall objective of this study was to 
analyze long term patterns of S.aureus [both MRSA and methicillin susceptible S.aureus (MSSA)] colonization and 
infection in a cohort of swine veterinarians in the United States.  

Material and Methods

A cohort of 68 swine veterinarians was recruited for the study at a meeting of the American Association 
of Swine Veterinarians in 2012. The veterinarians were resident in 15 states of the USA, and concentrated in 
major swine producing states in the Midwest and southeastern regions. After obtaining informed consent, 
veterinarians were given instructions for self-collection of nasal swabs by video. Collection materials were 
mailed to the participants who were contacted monthly to collect and mail a nasal swab and to complete 
an on-line survey to collect information on recent pig exposure (time since last pig contact, hours worked in 
the previous week, number of farms visited in the previous week), events of physical injury focussing on skin 
wounds, and select health events ( occurrence of skin or soft tissue infections, or confirmed staphylococcal 
infections.

Culture and identification of nasal swabs was conducted as described previously, and all S.aureus isolates 
were spa typed and tested by PCR for the presence of the MecA gene.(Linhares et al., 2015)(Linhares). 
MLST typing was performed for all spa types identified, but not for all isolates, particularly for  spa types of 
previously established MLST types (e.g., t034 of the ST398 lineage).  Quantitative assessment of S.aureus 
populations using direct plating (no enrichment) was conducted on a convenience subset of 41 participants 
to evaluate the association between frequency of positivity and bacterial load.

Results

Two veterinarians withdrew from the study due to migration and change of work circumstances, leaving 
a cohort of 66 swine veterinarians who completed the study. Compliance with swab submission and survey 
completion was over 98%. Overall, the monthly prevalence of SA and MRSA from nasal swabs of veterinarians 
varied from 58  to 82%, and from  6 to15%, respectively. Predominant spa types were t034 (ST398, 50%), 
t002 (ST5, 25%) and t337 (ST9, 18%). Minor injuries were frequently reported throughout the study, but no 
serious injuries were reported. There were no confirmed cases of S.aureus or MRSA infection reported by 
participants, apart from one positive culture from a case of mild eczema. The frequency of culture positivity 
of individual veterinarians during the study varied from 0% (1 veterinarian)  to 100% of sampling events.  
The likelihood of culture positivity did not vary with time from sample collection to processing, but did 
decrease significantly with the interval between sampling and most recent pig contact.

Based on detection patterns, veterinarians were classified into three groups: Persistent carriers who were 
culture postive on 17 or 18 occasions (PC, 38%) ; Intermittent carriers (IC, 61%) and Non-carriers (NC, 1%). 
In approximately half of the PC subjects, the same spa type was found at all sampling events, while others 
showed changes in spa types over time. Based on one-time quantitative testing of nasal swabs without 
enrichment, PC individuals were significantly more likely to be culture positive, and harbored approximately 
2 logs more S.aureus per swab that IC individuals.

Discussion

Veterinarians are an interesting group for evaluating S.aureus epidemiology as, unlike producers, they 
are typically exposed to multiple swine herds over time, rather than a single herd. The prevalence of both 
S.aureus and MRSA positivity in the swine veterinarians was elevated compared to estimates for the US 
population, consistent with earlier studies in several countries. Notably, the prevalence of S.aureus was very 
similar to that reported in a similar longitudinal study of swine veterinarians in the Netherlands.(Verkade et 
al., 2013), but the prevalence of MRSA in that study (44%) was substantially higher than in US veterinarians. 
Similarly, a longitudinal study of Dutch swine producers reported an overall MRSA prevalence of 63%, and 
38% of producers were persistently positive. The lower prevalence of MRSA in the current study likely 
reflects much lower prevalence of MRSA in commercial swine population in this country.(Smith et al., 2013; 
Sun et al., 2015)  The predominant spa types and MLST types of S.aureus found in the veterinary group 
also correspond closely with those identified in a multistate companion study of pigs, with most isolates 
belonging to the ST398, ST5 and ST9 lineages.(Sun et al., 2015) This suggests that the majority S.aureus 
harbored by people working with pigs are likely to be of animal origin.

Our observation that persistent colonization occurs in a substantial minority of exposed individuals is 
common across the current study and the 2 Dutch studies cited above.(Verkade et al., 2013; van Cleef 
et al., 2015) The apparently transient nature colonization following most events of exposure to S.aureus 
in animal populations is consistent with observations that culture positivity occurs predominantly among 
animal workers and their immediate families, but is very uncommon in the general community, even in 
areas with a high density of pig farming. The health implications of persistent colonization with S.aureus of 
animal versus human origin remains to be determined. 
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Seroprevalence of Yersinia, Hepatitis E and Trichinella among migrant and non-
migrant populations in Berlin and Brandenburg (Germany) 
Boone, I.1; Jansen, S.2; Stephan, A.1; Hammerl, J.A.1; Moos, V.2; Allers, K.2; Schneider, T.2; Al Dahouk, S.1

Pork is a potential source of infection for Yersinia, Hepatitis E virus and Trichinella. In 2014, 2484 cases 
of yersiniosis, 671 hepatitis E cases and 1 trichinellosis case were reported in Germany. Although migrants 
represent 27% of Berlin inhabitants, data is lacking on subpopulation-specific exposure risks to zoonotic 
diseases. We aimed to estimate the seroprevalence and to identify potential risk factors for Yersinia, 
Hepatitis E and Trichinella in migrants and non-migrants in Berlin/Brandenburg.

We used a cross-sectional design to determine the seroprevalence (IgG-antibodies) of Yersinia,Trichinella 
and Hepatitis E in participants without migration background, and in subpopulations with a Turkish, Russian 
or Vietnamese background. Using a convenience sample, we included healthy participants, aged ≥ 18 
years, residents of Berlin/Brandenburg, presenting to the participating hospitals, health care centers, and 
migrant associations. Participants were interviewed with a questionnaire asking for demographics, travel 
history, alimentation, animal contacts and medical history. Multiple logistic regression was used to examine 
potential risk factors.

Between 02/2014-04/2015, 562 participants were included in the study (370 of German, 114 of Turkish, 
56 of Vietnamese and 22 of Russian origin). The seroprevalence for Yersinia was very high among Germans 
(57%) compared to Turks (30%) and Vietnamese (29%). Hepatitis E-seropositivity was highest in Vietnamese 
(34%), followed by Germans (24%), both higher than in Turks (11%). No seropositive Trichinella-samples 
were found. Yersinia-seropositivity was associated with raw pork consumption (OR 2.1, 95%CI 1.4-3.2).

In contrast to low numbers of notified cases, seropositivity of anti-Yersinia and anti-Hepatitis E-antibodies 
was high, suggesting a lot of subclinical/mild infections. Although yersiniosis is often associated with 
the consumption of raw/undercooked pork, a high seroprevalence was also detected in the Turkish 
subpopulation, known to eat pork rarely. Hence other transmission routes may play a role. To prevent 
zoonoses, specific risk factors among subpopulations including migrants should be further investigated.

1Department of Biological Safety, Federal Institute for Risk Assessment, Berlin, Germany;
2Medical Department I, Charité - University Medicine Berlin, Campus Benjamin Franklin, Berlin, Germany
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Vulnerability of the British swine industry to Classical Swine Fever
Porphyre, T.1; Correia-Gomes, C. 2;  Gamado, K 3.; Chase-Topping, M. E 1.; Hutchinson, I 2.; Auty, H. K. 2;
Boden, L. A. 4; Reeves, A. 2;  Gunn, G. J 2.; Woolhouse, M. E. J. 1

Classical swine fever (CSF) is a notifiable, highly contagious viral disease of swine which results in severe 
welfare and economic consequences (e.g. barrier to trade) in affected countries. In order to improve 
preparedness for disease incursion, it is critical to have some understanding of how vulnerable a CSF-free 
swine industry may be and, thus, evaluate how CSF would spread should it be introduced. In Great Britain 
(GB), the last epidemic of CSF occurred in 2000 and involved 16 farms located in East Anglia, a major pig 
rearing area in GB. Based on these data, we informed a spatially explicit, premises-based model used to 
explore the risk of widespread dissemination of CSF, through both local spread and animal movements, in 
the British pig industry in which realistic control and surveillance activities are implemented. We found that 
the overall probability of CSF epidemic take-off in the British industry remained consistently low throughout 
the year despite increasing the duration of the silent period, varying from 0.028 to 0.078. When 8 weeks of 
silent spread was considered, the probability of epidemic take-off was strongly spatially dependent, with 
few geographic areas showing a take-off probability greater than 0.15. Widespread outbreaks (>50 farms) 
were nevertheless possible, regardless incursions occurring in low or high risk areas. We further clarified 
what factors, whether geographical, temporal, economic or behavioral, may influence the risk of epidemic 
take-off. These results suggest that, although rare, widespread epidemics of CSF would be possible in GB at 
any time of the year and regardless of the duration of the silent period. Knowledge of spatial and temporal 
variation in the probability of epidemic take-off are key components for surveillance planning and resources 
allocation, and this work provides a valuable stepping stone in guiding policy on CSF surveillance and control 
in GB.

1Epidemiology Research Group, Centre for Immunity, Infection and Evolution, University of Edinburgh; 
2Epidemiology Research Unit, Scotland’s Rural College;
3Biomathematics & Statistics Scotland;
4School of Veterinary Medicine, Boyd Orr Centre for Population and Ecosystem Health, University of Glasgow
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Food safety challenges in small holder pig value chains in Vietnam – from an 
assessment to feasible interventions using an integrated approach
Unger, F.1; Lapar, L. 1; Van Hung, P. 2; Dang-Xuan, S. 3; Hong Ngan, P. 2; Rich, K. M. 4; Nguyen, H. 1; Grace, D. 1

Pork represents more than 70% of meat consumption in Vietnam and pig production is growing fast. 
Its production delivers substantial benefits to the smallholders who supply 80% of the market. Yet, most 
smallholder pig farms lack technologies and disease control measures, which threaten food safety and 
environment conditions. While Vietnamese consumers have a strong preference for fresh, un-chilled 
pork sold at outlets supplied by smallholders there are increasingly concerns about pig diseases and food 
safety. However, “Farm to fork” approaches along various actors and/or including various disciplines are 
still lacking. Here we present the concept, selected results and the design of feasible interventions from 
an ongoing study involving two provinces of Vietnam (Nghe An and Hung Yen) that aims for improved 
food safety in smallholder pig value chains. Key components include an assessment phase followed by 
interventions. Addressing the need for an One Health approach expertises include economics, animal/
public health and environmental experts. Involved actors and groups range from input suppliers, via 
producers, slaughterhouses/markets to consumers. Data collection comprises of quantitative (e.g. biological 
samples, questionnaires) and qualitative (e.g. FGD, Participatory Epidemiology) tools supported by a risk 
assessment. Various constraints have been identified in the key nodes along the value chain, e.g. on-farm 
and slaughterhouse hygiene being determined by presence of biological hazards. Currently the intervention 
phase is designed which targets the identification of “best bets”. Their selection is supported by a rigorous 
validation process, which includes cost-benefit analysis, system dynamics modelling, and stakeholder/
targeted group consultations. The framework will be presented, furthermore initial results of the risk 
assessment including the high pathogen loads e.g. for Salmonella in slaughterhouses (carcass swab, 39%) 
or markets (pork cuts, 45%) and low levels of awareness about health risks in practices of pig production 
and pork processing. Finally examples for specific interventions are provided and discussed.

1ILRI;
2Vietnam National University of Agriculture;
3Center for Public Health and Ecosystem Research; 
4Lab 863
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Of (flying) pigs and (black) swans: strengths and limitations of a risk-based food 
safety system for handling potential emerging pork risks
Hoelzer, K.1; Eskin, S. 1

‘Black swans’ are a widely used metaphor for surprising, extreme events, generally with devastating 
consequences, that lie far outside the realm of anticipated possibility. Because they are inherently challenging 
to predict using traditional probability theory, black swans pose formidable challenges to risk analysis and 
risk management, regardless of whether the event is truly unknown to the scientific community (‘unknown 
unknowns’) or whether it is merely not known or adequately considered by the relevant parties.

Risk-based food safety systems are designed primarily to handle current, known food safety risks, even 
though they also possess some inherent capacity to address the inevitable emergence of new threats. Some 
emerging risks, though not known precisely beforehand, may be fairly well predictable, based on historic 
data and our current scientific knowledge – such as the emergence of novel strains of known pathogens 
with new virulence or antimicrobial-resistance genes. Others, however, are true ‘black swans’.

The goals of this study were to: 1) better understand the public health risks posed by the emergence of 
microbial risks, including black swans; 2) evaluate the ability of the current U.S. regulatory system to address 
such emerging risks, and 3) identify systemic factors that promote resilience and the ability to address 
unanticipated emerging threats. We analyzed microbial food safety hazards that have emerged over the past 
fifty years, and the regulatory and scientific responses to these emergence events. Common characteristics 
are identified and systemic factors that promote resilience and rapid response are highlighted. The potential 
utility and limitations of risk-based approaches for identifying and preparing for potential emerging threats, 
including black swans, are highlighted through selected scoping studies. Specific recommendations are 
made that help prioritize key research needs, improve emerging disease preparedness, and allow for the 
more rapid detection and control of emerging microbial risks.

1The Pew Charitable Trusts
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Assessment of Salmonella spp, Typhimurium or Derby potential risk factors in 
Danish breeding pig holdings using multilevel approach
Pereira-Fernandes1,C.*, Alban2, L., Teixeira1, L.,Niza-Ribeiro1, J.

Abstract

Pork and products thereof are known important sources of Salmonella to humans with particular concern to 
S. Typhimurium and S. Derby. The purpose of this work is to present potential risk factors for Salmonella Derby 
or S. Typhimurium in feces in Danish breeding pig herds, using data from the EU baseline survey on prevalence 
of Salmonella in breeding pigs, 2008. Multi-level multivariable analysis including 2930 pens (12 variables) within 
293 holdings (7 variables) was carried in SPSS version 22 using GLMM. Three outcomes were assessed, based on 
Salmonella positivity or negativity of the pens’ fecal pools: one binomial (Salmonella positive or negative pool); 
two multinomial outcomes, one with S. Typhimurium positive or S. non-Typhimurium positive or Salmonella 
negative pools and the other with S. Derby positive or S. non-Derby positive or Salmonella negative pools. 
Potential risk factors (p<0.05) for Salmonella positivity were: total number of breeding pigs, boar replacement 
policy and type of feed; S. Typhimurium-dependent potential risk factors were boar replacement policy and type 
of feed; S. Derby-dependent potential risk factors were boar replacement policy, type of feed and source of feed. 
The results from our analysis for Salmonella spp are in line with the conclusions from the EFSA report at the 
EU-level. Differences are that fewer associations were found in Danish data, with the variable boar replacement 
policy being retained in all three final models. A similar association was found in Portugal, which was source of 
semen. Results from Denmark and Portugal retained potential similar associations but full comparability was not 
possible due to some differences in the statistical methodology. Serotype-specific risk factor investigation revealed 
different risk associations for S. Typhimurium in Portugal and Denmark. Serotype-specific risk associations for S. 
Typhimurium and S. Derby in Denmark showed some differences which will be discussed.

Introduction

Salmonella is the second most reported cause of foodborne disease in European Union (EFSA and ECDC, 
2014). Incidence shows a decreasing tendency which has been attributed to successful control applied in 
poultry production sector (Wagenaar et al., 2013). Pork is considered the second most important source 
of Salmonella after table eggs and is closely related to S. Typhimurium infection (EFSA and ECDC, 2014). 
Regulation (EC) No 2160/2003 offers the legal framework for all Member States (MS) to formulate their own 
control plans, both at harvest and primary production. To achieve harmonized information on prevalence of 
Salmonella in pigs and potential risk factors, two baseline surveys were accomplished at EU level, after the 
Commission Decision 2008/55/EC, and the information collected should be used to set targets for reduction 
of Salmonella in MS (EFSA, 2009, 2011).

There is no “silver bullet” solution to reduce Salmonella in pre-harvest (Forshell and Wierup, 2006) and 
is assumed there is space for further improvement at harvest level (De Busser et al., 2013). Some authors 
highlight the need of researching the infectious pattern of most important Salmonella serotypes, suggesting 
the possibility that considerable differences may compromise the success of the control plans in action 
(Correia-Gomes et al., 2012; Forshell and Wierup, 2006; Pires et al., 2014; Wagenaar et al., 2013). Analysis 
of Portuguese data of European 2008 survey raised the possibility that Salmonella Typhimurium infection is 
likely to be associated with animal-related factors while other Salmonella serotypes may be associated with 
environment-connected factors (Correia-Gomes et al., 2012).
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Denmark and Portugal are considered as medium or high prevalence countries of Salmonella in swine 
production (EFSA, 2006). In Denmark, pork is the most important food source for salmonellosis (DTU-Food, 
2014). The purpose of this study is to search for potential risk factors for Salmonella infection, Salmonella 
Typhimurium and Derby in Danish data of European 2008 survey and compare the findings with the 
Portuguese results from Correia-Gomes et al. (2012; 2013).

Material and Methods

-Study design, sampling and sample testing

Data used was supplied by Danish Veterinary and Food Administration (DVA). The design and 
implementation of the study are published in EFSA (2007) and Commission Decision 2008/55/EC. The target 
population includes 80% of the breeding pig population of Denmark. Holdings were randomly selected 
from two different sampling frames: one for breeding and other for production holdings. Sampling was 
carried during the 12 months of 2008. When sampling inside an holding, a random selection of pens 
was followed, to achieve representativeness of all breeding production stages. The sample included 293 
holdings, of which 95 were breeding holdings and 198 were production holdings. Samples consisted of 
freshly voided feces representing the whole holding, pooling material from at least 10 animals from the 
pen. A questionnaire composed mostly by closed answers was performed to collect mandatory information 
on potential risk factors for Salmonella infection, both at holding and pen level. Collection of samples on 
holdings was performed by official veterinarians previously instructed by DVA, in order to minimize bias. 
Laboratory analysis of samples was accomplished on National Reference Laboratory, after recommendations 
of the Community Reference Laboratory, following the ISO 6579:2002/Amd 1:2007. Serotyping was made 
according to Kaufmann-White scheme. 

-Explanatory and outcome variables

Explanatory variables were at holding level: month of sampling, holding type, type of breeding holding, 
type of production holding, total number of breeding pigs, gilt replacement policy, boar replacement policy; 
at pen level: number of pigs per pen, outdoor access of pigs in pen, individual housing in pen, age of pigs 
sampled, sex of pigs sampled, productive stage of pigs, type of floor in pen, sanitary gap between new 
breeders in pen, type of feed given to pigs in pen, source of feed given to pigs in pen, potentially Salmonella 
reducing substances systematically added to feed or water of pigs in pen, use of antibiotics in feed water or 
by injections during the last 4 months in pigs in pen. Some variables were recoded to avoid data sparsity, or 
to obtain results comparable to referred analysis. 

Three outcomes were assessed, based on Salmonella positivity or negativity of the pens’ fecal pools: 
one binomial (Salmonella positive or negative pool); two multinomial outcomes, one with S. Typhimurium 
positive or S. non-Typhimurium positive or Salmonella negative pools and the other with S. Derby positive or 
S. non-Derby positive or Salmonella negative pools. For the analysis of these variables, Salmonella positive 
samples without serotype were excluded. 

-Statistical Analysis 

Given the multilevel structure of the data, with the pen level nested in holding level, multilevel logistic 
regression models (GLMM) were used and models were fitted separately for each of the three outcome 
variables. The holding was considered as a random effect. In the first step of the analysis, multilevel 
univariable models were performed to identify candidates for multilevel multivariable models, considering 
a significance level of 0.20. Considering all significant variables retained in the univariable analysis, 

multivariable logistic regression model were performed for each outcome. The final multivariable models 
were obtained using a stepwise selection process. Two-way interactions with biological meaning were 
investigated. Confounding was assessed evaluating changes in OR’s magnitudes. The significance level was 
set at 0.05. All analyses were performed using IBM SPSS version 22.

Results

There were 390 Salmonella spp. positive pens (13.3%) in 121 (41.3%) holdings. Four Salmonella positive 
samples had no serotype. In each positive pool only one Salmonella serotype was found. Seventeen distinct 
serotypes were isolated and the top three are S. Derby (4.9%), S. Typhimurium (2.8%) and S. Infantis (2.1%). 
In final model assessing risk associations for Salmonella spp (Table 1) variables “total number of breeding 
pigs”, “boar replacement policy” and “feed” were retained. In final model assessing risk associations for 
Salmonella Typhimurium (Table 2) retained variables were “boar replacement policy” (p=0.084, maintained 
due to confounding effects) and “feed”. For S. Derby, final model (Table 3) retained “boar replacement 
policy”, “feed” and “source of feed”. The estimative of the variance of holding level random effect are 
present in respective tables. No significant associations were found between variables selected to enter 
adjusted models. All the final adjusted models showed an Akaike Information Criterion (AIC) slightly lower 
than the saturate model: for Salmonella spp outcome, saturate model AIC was 15,736.509 and final model 
AIC was 15,716.005; for Salmonella Typhimurium outcome, saturate model AIC was 30,167.415 and final 
model AIC was 29,734.849; for Salmonella Derby outcome, saturate model AIC was 30,070.282 and final 
model AIC was 29,909.526.

Table 1: Final model for Salmonella spp. 

OR 95% CI p

Total number of breeding pigs (p= 0.041 )
   <100 0.151 0.033 – 0.687 0.014

   100-399 0.355 0.146 – 0.864 0.022

   400-999 0.508 0.215 – 1.202 0.123

   >999 1.0 - -

Boar replacement policy (p= 0.009 )
   No boarsonfarm 1.0 - -

   >90% homebred 0.374 0.201 – 0.697 0.002

   10-90% purchased 0.467 0.139 – 1.569 0.218

   >90% purchased 0.343 0.166 – 0.706 0.004

Feed (p= 0.001 )
   Cobbs/rolls/nuts/pellets 1.0 - -

   Others 0.235 0.086 – 0.647 0.005

   Meal/mash 0.574 0.335 – 0.983 0.043

   Porridge/liquid 0.326 0.176 – 0.603 <0.001

Random Effects σ2 (95% CI) SE p

(holding level) 2.704 (2.107 – 3.471) 0.344 <0.001

Variables
Salmonella spp
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Discussion

The risk variables retained for Salmonella spp in this study are consistent with EFSA global model, 
although being fewer. They are also compatible with the Portuguese risk variables highlighted in previous 
studies (Correia-Gomes et al., 2013). “Boar replacement policy” was retained in our three models. Although 
in the EFSA model this variable was lost due to interaction with type of holding, it showed a similar effect 
to the one in our models. In Denmark, generically, there seems to be a protective effect against infection 
when more than 90% of boars are homebred or purchased versus the absence of boars. Attention should 
be paid to the fact that S. Typhimurium seems to be a serotype independent of this factor in our models. 
In Portugal the risk increases for holdings purchasing more than 90% of boars comparing to those with 
no boars or homebreeding more than 90%, and also increases for holdings which purchase semen from 
other herds instead of doing it from an insemination center or from homebred boars. From the model for 
S. Typhimurium it can be seen this serotype doesn´t retain much effect, in contrast to what happens in 
Portuguese models. Some possible explanations are: could be that the control measures in place in Denmark 
for more than 20 years, in the long term, could have had a pronounced impact on that serotype (Alban et 
al., 2012) whereas in Portugal, that doesn’t have an official control plan for Salmonella, opportunities for 
Typhimurium to express are different; additionally the composition and relative proportion of serotypes in 
the group of other serotypes of both models (Danish and Portuguese) is markedly distinct and influencing 
the risk factors associated; finally, the statistical methodology used is also different (MCMC was used in 
Portuguese analysis). S. Derby is the most frequent serotype found in Denmark. In the model for this 
serotype the factor “source of feed” deserves particular attention because this factor was retained only for 
this model and is only significant for this serotype. The direction of the effect is also interesting because the 
odds of infection for holdings with home mill are 3 times higher than for commercial compound or mixture, 
usually the risk is found in the other way (Kranker et al., 2001; EFSA, 2011; Correia-Gomes et al., 2013). 
Reasons for this behavior need to be clarified. Another important issue is that the random effect estimated 
variance associated do Derby is the highest of all, meaning that holdings play a role on this problem. The 
random effect in the three adjusted models is statistically significant (p<0.05), suggesting that holdings play 
a relevant role on the outcomes. Interestingly, S. Typhimurium showed the lowest random effect estimated 
variance. It is possible that may be holding factors influencing the infection which were not unveiled in 
this survey. Some important week points for validity of this study are the sample size and the information 
questionnaire, designed to estimate prevalence at country level, not to highlight risk factors (EFSA, 2007); 
some important associations may have been lost due to reduced power of the sample.

Conclusion

The analysis shows serotype specific risk factors associated with Salmonella infection in pig holdings. These 
may play a role in future control. In Denmark, Salmonella Derby appears to have a different risk profile from 
that of Salmonella Typhimurium. Holdings play an important role in the risk of infection. Further studies with 
different design like incidence or case-control studies should be conducted to gain a better understand the risk 
factors and risk profiles associated with particular Salmonella serotypes in pig production.
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Table 2: Final model for S. Typhimurium

OR 95% CI p OR 95% CI p

Boar replacement policy (p=0.084)

   No boarsonfarm 1.0 - - 1.0 - -

   >90% homebred 0.656 0.279 – 1.543 0.334 0.385 0.191 – 0.775 0.008

   10-90% purchased 0.797 0.158 – 4.005 0.782 0.422 0.105 – 1.697 0.224

   >90% purchased 0.496 0.179 – 1.375 0.178 0.325 0.143 – 0.736 0.007

Feed (p= 0.014 )

   Cobbs/rolls/nuts/pellets 1.0 - - 1.0 - -

   Others 0.332 0.078 – 1.419 0.137 0.291 0.091 – 0.931 0.037

   Meal/mash 0.474 0.214 – 1.051 0.066 0.561 0.309 – 1.019 0.058

   Porridge/liquid 0.392 0.163 – 0.947 0.037 0.372 0.185 – 0.747 0.005

Random Effects σ2 (95% CI) SE p σ2 (95% CI) SE p

(holding level) 2.493 (1.783 – 3.485) 0.426 <0.001 3.250 (2.532 – 4.170) 0.413 <0.001

Variables

Salmonella Typhimurium

Typhimurium Other serotypes

Table 3: Final model for S. Derby

OR 95% CI p OR 95% CI p

Boar replacement policy (p= 0.029 )
   No boarsonfarm 1.0 - - - - -

   >90% homebred 0.355 0.143 – 0.882 0.026 0.447 0.231 – 0.867 0.017

   10-90% purchased 0.707 0.136 – 3.688 0.681 0.299 0.070 – 1.275 0.103

   >90% purchased 0.344 0.199 – 0.991 0.048 0.381 0.176 – 0.825 0.014

Feed (p= 0.032 )
   Cobbs/rolls/nuts/pellets 1.0 - - 1.0 - -

   Others 0.128 0.020 – 0.835 0.032 0.427 0.143 – 1.272 0.126

   Meal/mash 0.263 0.084 – 0.825 0.022 0.879 0.421 – 1.838 0.732

   Porridge/liquid 0.238 0.073 – 0.774 0.017 0.478 0.223 – 1.024 0.058

Source of feed (p= 0.031 )
   Home mill mixed 1.0 - - 1.0 - -

   Commercial compound or mixture 0.331 0.116 – 0.945 0.039 1.734 0.879 – 3.421 0.112

Random Effects σ2 (95% CI) SE p σ2 (95% CI) SE p

(holding level) 3.852 (2.911 – 5.096) 0.550 <0.001 2.598 (1.984 – 3.402) 0.357 <0.001

Variables

Salmonella Derby

Derby Other serotypes



Safepork 2015 Conference  

181Risk Assessment and risk communication of foodborne pathogens

Assessment of the risk of Hepatitis E virus occurrence in pork carcasses at 
slaughter in the UK. 
Tirado, E.*1, Zagmutt, F.*2, Guitian, J.*3, Mateus, A.*3.

Abstract

Hepatitis E virus (HEV) is a RNA virus of the genus Hepevirus. HEV genotype 3 is zoonotic and pigs are the 
main reservoir. This genotype has been identified in the United Kingdom, in sporadic locally-acquired cases 
without recent history of foreign travel to endemic countries. The number of HEV-confirmed human cases 
in the UK has increased significantly, from 124 cases in 2003 to 661 in 2013. Non-travel cases now account 
for the majority (69%) of cases observed annually in the UK.

Our aim was to assess the risk of HEV occurrence in pork carcases at slaughter in the UK. We performed 
a quantitative exposure assessment using Monte Carlo simulation to estimate the number of carcasses 
contaminated with HEV produced in a high throughput porcine abattoir during one year.

The input data used were: a) true prevalence in British pigs, b) probability of viral shedding in bile and 
faeces c) number of pig carcases with bile and/or faecal contamination detected during post-mortem 
inspection. The following assumptions were made when data were unavailable: a) sensitivity and specificity 
of the RP-PCR diagnostic test; b) meat from viraemic pigs was considered HEV-positive; c) visual faecal and 
bile contamination only considered since microscopic contamination would not be detected through visual 
inspection.

We estimated through our model that 175,152 (2.4%) of carcases produced in high throughput abattoirs 
would be infected with HEV in one year period. The number of viraemic pigs slaughtered at the abattoir was 
the largest driver of the uncertainty in carcass contamination. Variations in this parameter would change 
the output from 62,982 carcasses up to 306,320. Mitigation strategies at farm level should be explored, as 
it appears that control at this level would likely result in a higher reduction in HEV contamination in pork 
meat.

Introduction 

Hepatitis E virus (HEV) is a RNA virus of the genus Hepevirus. In developed countries, HEV genotype 3 
caused sporadic cases of Hepatitis E locally-acquired reported in individuals living in non-endemic areas, 
without history of recent travel. In the United Kingdom, the number of confirmed cases of HEV infection 
has increased significantly, from 124 cases in 2003 to 661 in 2013. Non-travel cases accounted for the 69% 
of HEV cases in 2013 (Public Health England, 2013).

The aim of the current study was to assess the presence of HEV in pork carcasses and identify potential 
sources for carcass contamination during slaughter. Sources of HEV assessed were viraemic pigs and faecal 
or bile contamination. In order to estimate the number of HEV-contaminated pig carcasses produced 
annually in a given UK abattoir, we performed a Quantitative Risk Assessment (QRA). 

Materials and methods

A Quantitative Risk Assessment (QRA) following the Codex Alimentarius Commission requirements (Codex, 
2009)  was carried out to estimate how many pig carcasses produced, in a year, in a high throughput porcine 
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abattoir in the UK would be contaminated with Hepatitis E Virus using @Risk (ver. 6.3 Palisade Corporation) to 
develop a Monte Carlo simulation model. High throughput abattoirs were selected as these produce more than 
100,000 heads per year, corresponding to 80% of the pork produced in the UK. This QRA is focused in intensive 
pig farming systems, as over 80% of the pork produced in UK is raised in this manner (BPEX and AHVLA).

Hazard identification

Hepatitis E virus (HEV) is a positive sense, non-enveloped single-stranded RNA virus with a genome of 
7.2 kb and can be grouped into at least four genotypes (Emerson S.U., 2003). At least two genotypes of 
swine HEV, genotypes 3 and 4, have been identified and characterized in pigs. Swine strains have often been 
related to human liver disease cases (Lu L, 2006). HEV investigations worldwide have been performed but 
there is still a lack of information on the infection dynamics in pig populations. It has been demonstrated 
that HEV, in most cases, causes only subclinical infections in pigs (Emerson SU, 2011). The recent study 
carried out by Public Health England (PHE) showed that 92.8% of the British finisher pigs, at slaughterhouse 
level, were HEV antibody-positive (Tedder, 2014).

Exposure assessment.

A pathway was assessed to identify which steps of the slaughter process would need to be included in 
the model. The pathways considered were: a) Viraemic animals, b) Contamination from infected faeces, and 
c) Contamination from infected bile.

3.2.1: Data source and parameters estimation:

A) Probability of a finisher pig being viraemic (Pv):

PHE performed a survey on the 14 largest throughput abattoirs in the UK, which process 80% of pigs 
slaughtered in the UK. Six hundred twenty-nine pigs were tested for HEV using Real-Time PCR test (RT-PCR) 
and 36 pigs were found viraemic at slaughterhouse level. It was assumed that viraemic pigs would have 
HEV in their meat and blood, suggesting a potential role of blood contamination based on previous studies 
(Bouwknegt, 2009). An event tree was built to calculate the true prevalence considering the sensitivity (Se) and 
specificity (Sp) of RT-PCR test for RNA HEV. Se (98%) and Sp (96%) were assumed as data were not available. 
Bayesian Inference in a binomial process was used to estimate the prevalence of viraemic pigs (Pv), with a 
uniformed prior (1) and a probability mass function as a likelihood:

Then, posterior (prevalence) was calculated.

B) Probability of shedding HEV in faeces (Pfi):

For the purpose of our model, it was assumed that all viraemic pigs at slaughter shed the virus in the 
faeces (Bouwknegt, 2009), (Kanai, 2010). The estimation of the probability of any given finisher pig shedding 
virus in faeces was based in two published articles for the purpose of our QRA: 5 (11%) and 5 (12.5%) pigs 
were RNA positive in faeces out of 45 and 40 finisher pigs tested, respectively (McCreary, 2008) and (Berto, 
2012). A Bayesian stochastic mathematical model was used to calculate the probability of a finisher pig is 
excreting the virus using McCreary’s data as a prior and Berto’s data as the likelihood.

 C) Probability of having HEV in bile (Pbi):

HEV multiplies in the liver and in consequence, presence of HEV in bile is very likely. Although in the UK, 
studies of HEV detention in bile have not been carried out, some data found in published articles in other 
countries (Italy and Spain) (Table 1).

Table 1. RT-PCR results for HEV in porcine bile.

Country
Number of 
Pigs

Number of pigs with 
RNA in bile

Author

Spain 26 20
N. de Deus et al. 
(2007)

Italy 137 41
F. Martelli et al. 
(2011)

Spain 80 5
M. Casas et 
al.(2011)

Italy 26 10
Di Bartolo et 
al.(2010)

A simplified conjugate prior was used, where α and β are coming from the prior information and lead to 
another posterior beta distribution:

D & E) Probability of faecal contamination in carcasses (Pfc) & Probability of bile contamination in 
carcasses (Pbc):

At the abattoirs, the evisceration point is the most critical control point for faecal and bile contamination 
in carcasses as this is very likely to occur through ruptured guts or the ruptured gall bladder during manual 
evisceration. Records of contamination at post mortem inspection (PMI) were used to calculate how many 
carcasses could have any faecal and bile contamination. It is assumed that if there is visual contamination 
there is also microscopic contamination by bacteria or viral particles. To calculate the probability of a 
carcass being either faecal or bile contaminated, a weighted beta distribution was used. The distribution 
was weighted by the number of animals killed per day. To avoid bias, the records were chosen from different 
abattoirs with high throughput (i.e., larger than 100,000 heads per year), five days a week, in particular the 
second week of every month, during first six months of the year. 

F) Probability of any given carcass having any contamination of HEV

The event trees were built to estimate: 

Probability of any carcasses having the HEV in the meat. (A)=

Probability of any given carcass being contaminated with HEV from infected faecal contamination. (B)=

Probability of any given carcass being contaminated with HEV infected bile. (C) =

 D.  The probability addition rule was used to estimate the final probability where:

G) How many carcasses produced, in a high throughput abattoir from the UK, in a year period, will 
be contaminated with Hepatitis E Virus?

The estimation of the number of carcasses produced that will have any HEV contamination of in a given 
year, in a high throughput abattoir from the UK was calculated using the formula:
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Where α was the number of pigs slaughtered in 2012 (n= 7,209,342), in high throughput abattoirs (87.7% 
of the annual porcine production in the UK) (AHDB/BPEX, 2012).  P is the probability of any given carcass 
having any contamination of HEV.

Results

The probability of a pig being viraemic (Pv) followed a beta distribution with a mean of 2.02% (95% CI: 
0.54% - 3.75%). The probability of shedding HEV in faeces (Pfi), with a 95% confidence varied between 6.38% 
and 17.49% being the mean 11.53%. The probability of shedding HEV in bile (Pbi) is 28.41% (23.98-33.75). 
Probability of faecal (Pfc) and bile (Pbc) contamination was 0.99% and 1.04% respectively. The probability of 
a pig shedding virus in faeces and having virus in bile is much higher than the probability of a carcass being 
viraemic. It was estimated through our model that, 26.39% (22.7-29.6) of non-viraemic HEV infected pigs 
would shed virus in bile and that 9.51% (5.4-15.2) of non-viremic infected HEV pigs would excrete HEV in 
faeces. Therefore, taking into account the probability of faecal or bile contamination in carcasses, the overall 
probability of any given pig carcass having any contamination of HEV from viraemic animals, faecal and/or 
bile contamination is 2.4% (0.9%-4.3%). Most of the carcasses with HEV appeared to come from viraemic 
pigs; although the probability of having virus in faeces or in bile is much higher than the probability of being 
viraemic, the probability of faecal/ bile contamination is not as high and in consequence the probability of 
being viraemic contributed the most to the carcass contamination with HEV. The results show that in a year 
175,152 (66,015-315,793) carcasses will have HEV out of the 7.2 million of carcasses produced.

Figure 1. Final result: Number of carcasses with HEV

The Sensitivity Analysis showed that the number of viraemic pigs slaughtered at the abattoir was the 
largest driver of the uncertainty in carcass contamination. Variations in this parameter would change the 
output from 62,982 carcasses to 306,320. 

Discussion 

Our results show that 175,152 pig carcasses will be infected with HEV, corresponding to 2.4% of the 
carcasses produced in high throughput pig abattoirs, in the UK, in a year period. The knowledge of the 

number of carcasses that would cause illness in humans by a dose-response assessment would be desired. 
Our results showed that the major contribution for HEV-contaminated carcasses derived from viraemic pigs. 
Our model showed that non-viraemic pigs can have the virus in bile and faeces, thus HEV may also be in the 
meat of asymptomatic, infected animals. More studies seroprevalence studies virus in meat in viraemic and 
non viraemic pigs using serological and RT-RNA tests would be recommended to guide mitigation strategies 
at farm level. Other studies in weaner pig have shown that seropositive pigs can have detectable levels of 
HEV in liver, bile, faeces (Bouwknegt, 2009). The prevalence of seropositive pigs in the last study in the UK 
was 92.8% (Tedder, 2014), hence further studies are needed to determine how seropositive finisher pigs 
at the moment of slaughter behave shedding the virus. Berto et al. (20129 carried out a study of HEV in 
different points of the food chain and showed that six of 63 (9.5%) sausages were HEV positive (Berto, 2012). 
This corroborates that HEV can be present in the final product and pose a risk for the consumer; particularly, 
undercooked sausages could be one of the reasons of the recent significant increase of non-travel cases in 
the UK. This zoonosis usually only cause asymptomatic or mild symptoms in infected individuals, remaining 
the disease largely underreported. However, HEV can be fatal to immuno-depressed people and pregnant 
women. 

Official certification of HEV free farm status could also be used to guarantee safe pork products. With 
certification of disease-free farms, a better knowledge of the farm prevalence would be gained in the UK. 
Furthermore, “all in all out” replacement procedures, the use of HEV-negative animals for breeding, cleansing 
and disinfection, good biosecurity practices of visitors, amongst other measures might reduce the prevalence 
of the virus in the farm. Sending animals for slaughtering after they are recovered from the viraemia might 
also decrease the number of contaminated carcasses. At food industry level, control of foodborne viruses 
is challenging. Cross-contamination could be avoided by preventing faecal and bile contamination avoiding 
rupture of guts or the gall bladder, cleaning and disinfection of surfaces and equipment during slaughter. 
The identification of HEV-positive batches before going to the abattoir and implementing measures to 
slaughter these the last in the day may also minimise the risk of cross-contamination. For consumers, public 
recommendation of good hygiene and cooking practices in the kitchen can also decrease the risk of HEV 
infection.

Lack of data was an issue and assumptions had to be made; for example Se and Sp of RT-PCR, although 
it was taken in consideration that the test had a very high sensitivity (Kanai, 2010). It was also assumed 
that viraemic pigs possess the virus in meat due to contamination from the blood (Bouwknegt, 2009). 
We considered only visual contamination; microscopic presence without visual contamination was not 
considered for the purpose of this study which could have led to underestimation of number of HEV-
contaminated carcasses.

Taking into account the number of pigs produced in the UK in a high throughput abattoir, we concluded 
that 175,152 (66,015-315,793) pig carcasses produced, in a year, in a high throughput abattoir from the UK, 
will be HEV-positive with viraemic pigs being the main source of contamination. Further work is needed to 
assess and quantify the HEV contamination risk throughout the whole food chain.
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CONTROL STRATEGIES TO MITIGATE FOODBORN PATHOGENS

01. Bactericidal efficiency of UV-active TiO2 thin films on adhesion and viability of 
food-borne bacteria
Barthomeuf, M.(1) *, Raymond, P.(1), Castel, X.(2), Le Gendre, L.(2), Denis, M.(3), Pissavin, C.(1)

Abstract

Biofilms, containing pathogenic bacteria, represent a recurrent economic and safety problem in food 
industries, due to their high resistance to cleaning and sanitizing procedures. The development of photoactive 
surfaces with bactericidal property could facilitate the elimination of such microbial biofilms. One solution 
may be to deposit a photocatalyst top-layer (TiO2) on conventional materials used in food plants. Our aim is to 
study the photocatalytic activity of such layers on the adhesion and viability of different bacteria present on 
food plants, especially in pork meat factory: Listeria monocytogenes, Yersinia enterocolitica and Pseudomonas 
fragi. Glass substrates were coated with TiO2 thin films by radio-frequency magnetron sputtering under 
various deposition conditions (deposition temperature T, oxygen partial pressure PO2). The characterization 
of the TiO2 thin layers was performed using spectrophotometry, scanning electron microscopy and X-ray 
diffraction analysis. And photocatalytic activity under UVA illumination (365 nm) has been checked for all 
samples. Bactericidal activity has been demonstrated on the bacteria tested by enumeration of the adherent 
cells and in situ fluorescent labeling after three hours of contact with the thin film and a subsequent UVA 
illumination. Adherent bacteria with damaged bacterial cell wall were observed using a scanning electron 
microscopy; this can be associated with presence of oxidative stress due to the photocatalytic activity of the 
TiO2 thin layer. The selected TiO2 coating presents a photocatalytic activity leading to an oxidative stress. This 
activity provides bactericidal properties against different strains from the meat industry. This thin layer could 
be optimized by modifying anionic composition (band-gap reduction) during coating in order to be active 
under solar light so it could be used to fight against biofilms.

Introduction

Biofilms, containing pathogenic bacteria, represent a recurrent economic and safety problem in food industries, 
due to their high resistance to cleaning and sanitizing procedures. Microbial transfer from equipment surfaces to 
processed foods seems to be responsible of 60% of foodborne infections (Bridier et al., 2015)one of which is the 
food industry. A solid substrate, water and some nutrients are sufficient to allow the construction of a microbial 
fortress, a so-called biofilm. Survival strategies developed by these surface-associated ecosystems are beginning to 
be deciphered in the context of rudimentary laboratory biofilms. Gelatinous organic matrices consisting of complex 
mixtures of self-produced biopolymers ensure the cohesion of these biological structures and contribute to their 
resistance and persistence. Moreover, far from being just simple three-dimensional assemblies of identical cells, 
biofilms are composed of heterogeneous sub-populations with distinctive behaviours that contribute to their global 
ecological success. In the clinical field, biofilm-associated infections (BAI. Some bacteria, as L. monocytogenes, 
have the ability to persist in various food producing environments. Strains can persist from months to several years 
in pig slaughterhouses and processing facilities (Skovager et al., 2013). 

The development of photoactive surfaces with bactericidal property could facilitate the elimination of microbial 
biofilms present in food facilities. One expected solution would be to deposit a photocatalyst top-layer (TiO2) on 
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surface and materials used in food plants. After a photo-activation, such TiO2 thin films could generate an oxidative 
stress leading to the change of the surface properties and subsequent bactericidal properties (Chorianopoulos et 
al., 2011). The objective of this study was to evaluate the bactericidal effect of TiO2 thin films on different bacteria 
found in food plants such as L. monocytogenes, Y. enterocolitica and P. fragi.

Material and Methods

TiO2 thin films deposition and characterization: Glass substrates were coated during one hour with TiO2 thin 
films by radio-frequency magnetron sputtering under various deposition conditions (deposition temperature 
(T), oxygen partial pressure (PO2)). The band gap of the TiO2 thin layers was measured using spectrophotometry. 
The surface morphology was observed by scanning electron microscopy. Then, the X-ray diffraction analysis was 
performed in order to characterize the crystalline phase of the TiO2 thin film. Photocatalytic activity under UVA 
illumination (365 nm) has been checked for all samples by a discoloration test of methylene blue.

Antibacterial properties: A reference strain and an environmental strain from slaughterhouse were chosen 
for each species. The bactericidal effect of the photocatalytic TiO2 thin films was assessed after three hours 
of contact with the bacteria and a subsequent UVA illumination (365 nm, 60 min). Alive adherent cells were 
enumerated on agar plates after 48h at 37°C for L monocytogenes and Y. enterocolitica, 25°C for P. fragi. This 
was completed by in situ observations using epifluorescence microscopy after labeling with specific live-dead 
labeling kit (Filmtracer™ LIVE/DEAD® Biofilm Viability Kit, Life Technologies). Moreover the cells were observed 
by scanning electron microscopy in order to study the damages induced by the photocatalyst.

Results

TiO2 thin film deposition and characterization

Seven TiO2 thin layers with different deposition parameters were obtained (Table 1). The temperature 
range was from 360 to 480°C and theO2 flow varied from 3 to 12%. Thin layers, from 50 to 80 nm of thickness, 
were obtained. Except for the TiO2 83 sample, the layer was composed of anatase and rutile crystalline form. 
The surface observed by scanning electron microscopy appeared to be smooth except for the TiO2 83 sample. 
Only the TiO2 thin films obtained at 440°C were photoactive under UVA radiations. The most photoactive thin 
film was the sample TiO2 87 with a discoloration rate of almost 23 % of the methylene blue after UV activation 
of the thin film. According to the characteristics highlighted, the TiO2 87 thin film was selected to perform 
adhesion and viability tests with the different strains.

Table 1: Deposition parameters and thin films characterization

Sample ID Deposition parameters Crystalline phase Film thickness (nm) Photocatalytic activity 
under UVA radiations

T (°C) O2/Ar Vol %

TiO2 77 360 6 Anatase / (Rutile) 79 Non significant

TiO2 80 400 6 Anatase / (Rutile) 81 Non significant

TiO2 81 440 6 Anatase / (Rutile) 50 Significant(-11%)

TiO2 83 480 6 Rutile 69 Non significant

TiO2 84 460 6 Anatase / (Rutile) 70 Non significant

TiO2 85 440 12 Anatase / (Rutile) 68 Significant (-8%)

TiO2 87 440 3 Anatase / (Rutile) 76 Significant(-22,9%)

Antibacterial properties

Without any UVA illumination, the cultivable adherent cells were as numerous on the glass substrate like 
on the TiO2 thin film.(Figure 1). In consequence, the thin film did not provide any anti-adhesive property to 
the support. After UVA illumination, the layer acquired a more hydrophilic property that was highlighted by 
the spreading of the drop of the methylene blue solution during photocatalytic tests. However, any significant 
antifouling property was noticed whatever the strain tested.

The UV susceptibility of the different strains was studied by using the glass substrate exposed or not to 
UV radiations. For the pathogenic bacteria of L. monocytogenes and Y. enterocolitica, there was no significant 
bactericidal effect of UV illumination. Moreover no significant difference of UV sensitivity was observed 
between the reference strains and the environmental ones. However there was a significant difference of 
the number of cultivable cells for the reference strain of P. fragi. Indeed, a 4 log decrease subsequent to UVA 
illumination was observed for this strain whereas the environmental strain was less sensitive.

  
a) L. monocytogenes b) Y. enterocolitica c) P. fragi

Figure 1: Influence of photocatalytic treatment on cell viability of six different strains, determined by counting on agar plates. a) 
L. monocytogenes, b) Y. enterocolitica, c) P. fragi, (1) Reference strain, (2) Environmental strain. UVA- : No illumination, UVA+ : 
Illumination under UVA (365 nm, 60 min). Data reported are the mean values of three replicates +/- standard deviation.

For all strains, except the reference strain of P. fragi, the photoactivated TiO2 87 thin film allowed at least a 
decrease of 1.5 log of the adherent cells. This was due to the action of the produced reactive oxygen species 
(ROS).

This bactericidal effect was confirmed by in situ fluorescent labelling. Adherent bacteria on the photoactive 
TiO2 87 thin film were dead on the contrary to the bacteria on the thin film with no UVA illumination. It was 
possible to confirm that the loss of the cultivability was due to a loss of viability. 

The cells adhering on Ti02 87 thin film and on glass substrate were observed with scanning electron 
microscopy after the UVA illumination step. The cellular damages due to the ROS produced by the 
photoactiovated TiO2 thin film could be observed (Figure 2). Cells appeared black after UVA illumination on 
the TiO2 87 thin film because the bacterial cytoplasmic content was released. Whatever the strain tested, 
similar damages were observed. 
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a) b)

Figure 2: Observations of P. fragi environmental strain (ECP 146) on TiO287 using scanning electron microscopy. a) without UVA 
illumination. b) after UVA illumination.

Discussion

The use of TiO2 has been shown to have a bactericidal effect on different planktonic bacteria such as 
Escherichia coli, Listeria monocytogenes, Salmonella Cholerasuis or Pseudomonas aeruginosa. (Gupta 
et al., 2013; Wang et al., 2015). Such properties were also observed on adherent cells (Carré et al., 2014; 
Chorianopoulos et al., 2011). This leads to many applications including medical devices that are far described 
in the literature.

Titanium is known to be activated upon exposure to ultraviolet light that generates electron/hole pairs. 
Then, some reactive oxygen species (ROS) are produced. One target is the outer membrane of bacteria (Bazaka 
et al., 2012). Observation of cells emptied of their cytoplasmic content suggested that the outer membrane 
was damaged. This is due to the ROS produced by the TiO287 thin layer.

In this study, the more important photocatalytic effect has been obtained on the environmental strain 
of P. fragi with a 2.5 log decrease. Pseudomonas species are the main flora responsible for spoilage in fresh 
meat products. These are dominant in poultry, pork, beef and lamb meat (Lebert et al., 1998)”container-
title”:”International Journal of Food Microbiology”,”page”:”53-60”,”volume”:”39”,”issue”:”1–2”,”source”:”Sc
ienceDirect”,”abstract”:”A total of 59 strains of Pseudomonas, isolated from meat products, were grown in 
micro-titer plates in a meat medium over a range of pH (5.8–7.0. Moreover, P. fragi is known to be a primary 
colonizer of surfaces in food plants. Zottola and Sasahara, (1994) showed that Listeria was trapped within 
the matrix developed by P. fragi when L. monocytogenes and P. fragi were grown together. Fighting against P. 
fragi could be a way to limit the presence of L. monocytogenes on plant surface.

Conclusion

On the contrary to other methods used to obtain TiO2 surfaces, the magnetron deposition method led to 
TiO2 thin films that are not considered to be a nanocoating. The TiO2 thin film used in this study were therefore 
non-toxic and could be used on open surfaces in food plants. The TiO2 87 displays a bactericidal activity but 
only under UVA radiations. This is a restriction to expect an application in meat plants. In consequence, the 
TiO2 87 has to be improved in order to be activated by visible light. Addition of silver or copper can further 
enhance the antibacterial efficiency of the photocatalytic coating, even under visible light and lower exposure 
time (Wang et al., 2015).
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02. Seasonal ability of biofilm formation of Listeria monocytogenes strains isolated 
from slaughterhouses in Quebec
Tamazight, C.1; Kersti, N.2; Sylvain, F.2; Charles, S.3; Sylvain, Q.1, 4; Philippe, F.1*

Abstract

Listeria monocytogenes is a pathogenic bacterium found in the environment and food. It causes 
Listeriosis, a serious disease that presents largest fatality rate among foodborne illness. The 
persistence of these bacteria in food processing plants, favoured by biofilm formation is a major 
problem both for industry and public health. The aim of the study was to compare strains isolated 
from three sectors in slaughterhouses for their ability to form biofilms. The strains were isolated 
from holding pens, slaughtering, and cutting in 4 slaughterhouses and for 3 different periods of the 
year. Biofilm formation analyses were performed for 186 strains under static conditions at 30 °C for 
48 hours and 7 °C for 15 days, frequent temperature in meat processing plants. Biomass production 
in BHI is measured in microplates after staining with crystal violet and measuring the absorbance 
at 595 nm, the data is normalized to obtain inter strain comparability in 96 well plate. Results show 
significant difference in biofilm formation between strains according to the period of sampling and 
origin of strains (slaughterhouse). Biofilm formation by strains belonging to the sampling of period 2 
(February to May 2014) were greater than in summer 2015 at 30 °C (p<0,0001) and at 7°C (p=0,019). 
Strains isolated from plants 1 and 2 produced more biomass than those collected from plant 4 at 
30°C (p=0,0015) and 7°C, biofilm formation in isolates from plants 1and 2 were greater than in strains 
from plants 3 and 4 (p<0,0001). No difference in biofilm formation ability was revealed depending on 
the place sampled in the plant (holding pens, slaughter or cutting rooms), whatever the temperature 
tested. Among strains studied here, strong differences in biofilm forming ability were identified; these 
results are the beginning of our investigation aiming to answer the question of strain persistence. 

Introduction

Listeria monocytogenes is a foodborne pathogen that causes listeriosis. Persistance of this pathogen 
in food industries is critical for food safety. Some of strains of this bacteria can persist for a long time 
in the slaughterhouses (Ortiz et al., 2010). The origine of the persistance of some strains in food 
plants is still questionned, some authors explained these recurrent presences by the ability of these 
strains to form biofilms (Ortiz et al., 2010) while other concluded that only cleaning and disinfection 
procedures, in particular in inaccessible places for cleaning, are involved (Carpentier et al., 2011). In 
our study we aimed to provide response to the persistance of some strains of Listeria monocytogenes 
by differences in biofilm formation abilities and we tried to show here if there is differences in biofilm 
formation depending on the season that the strains are isolated. Our main result show differences in 
biofilm formation ability according to the season and origin of strains (slaughterhouse).

Material and Methods

Listeria monocytogenes strains (N=186) were studied for their capacity to form biofilm at two temperatures: 30°C 
and 7°C. These strains were isolated, after sanitation procedures, from environmental sampling of 4 slaughterhouses, 
3 sectors: holding pens, slaughtering and cutting areas and at 3 different periods of the year (table 1). 
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One isolate per positive sample was retained for this study. Biofilm formation was performed in flat bottom 
96 well plates under static conditions and biomass production was measured by OD at 595nm after staining 
with cristal violet 0,1% (p/v) and destainig with ethanol 95 %. 

3-way Analysis of variance was used to determine the differences  in biofilm produced by these strains  
acoording to the period  and origin of sampling (slaughterhouse and sector). Data were Log transformed to 
normalise the distributions.

Table 1 : Number of strains isolated per period and per sectors of the 4 slaughtehouses

 
*Period of sampling : 1: from 2013 december to 2014 january, 2: From 2014 february to may, 3: From 2014 may to  2014 september

Results

The results show three different groups of strains in the two temperatures: strains with low biofilm 
production, normal production and a high biofilm production. Strains did not behave in the same way at 30 ° 
C than at 7 ° C as strains which form the 3 groups at 30 ° C are not the same at 7 ° C.

Biofilm formation abilities by strains isolated during period 2 was greater than those from period 1 and 
3 at 30 °C, (fig2, A) and the period 2 and 3 when tested at 7°C (Fig2, B). No difference was shown between 
strains from the period 1 and 3 at 7°C.

At 30°C, strains isolated from plants 1 and 2 produced more biofilm than those collected from  plant 4 and 
no difference was observed between plant 3 and the rest of the facilities (fig3, A). At 7°C, biofilm formation 
by isolates from plants 1 and 2 was higher than  in strains from plants 3 and 4.

Our results showed no significant differences in biofilm formation between strains isolated from all sectors: 
holdingpens, slaughtering and cutting areas and at wathever the two temperatures tested. 

Our results showed no significant differences in biofilm formation between strains isolated from all sectors: 
holdingpens, slaughtering and cutting areas and at wathever the two temperatures tested

 

Figure 2: Biofilm production at 30 °C (A) and 7°C (B) according to  periods. Results are presented by the mean of logarithmic ratio of 
OD strains and  OD the standart,  which was one of the 186  strains  studied. 
*** : p< 0,0001, * : p <0,019

          A                  B

Figure 3: Biofilm production at 30 °C (C) and 7°C (D) according to  slaughterhouses 
*** : p<0,0001, **p=0,0013

Discussion

The main of this study was to compare Listeria monocytogenes strains isolated from samples collected during 
three seasons and from different sectors of four slaughterhouses. This is the first study in our knowledge where 
the differences of biofilm formation of Listeria monocytogenes strains are made according to the different 
periods of sampling. Our results demonstrated differences in biofilm formation depending to the period of 
sampling and to the slaughterhouses at the two temperatures tested (7°C, 30°C). Previous studies showed 
differences in biofilm formation by Listeria monocytogenes serotypes or lineages, according to the temperatures 
(Di Bonaventura et al. 2008) and origin of strains (Harvey et al.2007). In our study and at this time, we didn’t 
have more information about characterisation of theses strains yet but we can make the following hypothesis: 
Strains isolated from period 2 are different from those isolated from period 1 and 3; this will be confirmed after 
characterisation. In the other hand sampling is performed in two seasons different: winter for periods 1 and 2, 
summer for period 3, differences observed in these periods can lead us to suppose that there is seasonal effect 
on biofilm formation but more study is necessary to affirm this hypothesis.  The same hypothesis could be done 
for differences observed in plant 1 and 2 and at the two temperatures.
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Conclusion

Our results showed a difference in biofilm production between strains depending on the period, that 
represented different seasons in the year. Biofilm formation, whatever the temperature considered, was 
greater for strains picked up in winter. Such an association need to be confirmed.

The biofilm formation ability appears different depending on the slaughterhouse considered. But the strains 
didn’t show differences in ability for biofilm formation according to the sectors tested, despite the known different 
characteristics of these steps of the production (in terms of temperatures, intensity of cleaning and disinfection…)

For further studies: Different strains with different  biofilm formation ability  will be studied for their 
differential genetic expression of genes involved in biofilm formation.
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03. Impact of the slaughter process on the pork carcasses contamination by 
Yersinia entrocolitica
Feurer, C. * (1), Desmonts, M. H. (2), Prénom, C. (1), Fassel, C. (2), Le Roux, A.(3), Hézard, B. (2), Minvielle, B. (3)

Abstract

The aim of the study was to evaluate the impact of the tongue handling practice on the contamination of 
the pork carcasses: the tongue removed with the pluck set (3 slaughterhouses) vs the intact tongue inside the 
head (3 slaughterhouses). A total of 1920 pigs from 120 different farms were sampled both on their tonsils 
and carcass surfaces over a one year period. The individual prevalence of Y. enterocolitica on tonsils and 
carcasses was unexpectedly low and estimated respectively to be 5.7% [4.7-6.9] and 0.6% [0.3-1.0] from the 
pooled samples. The presence of Y. enterocolitica on the carcasses was statistically linked to its presence on 
tonsils. It was nearly five times higher on pigs with positive tonsils, than on pigs with negative tonsils. Despite 
the experimental design, we were not able to confirm that the removal of the tongue on the slaughter line 
had a significant impact on the carcass contamination with Yersinia enterocolitica. These results confirm that 
cross contaminations occur during the slaughtering process and that good hygiene practices are necessary to 
limit the transfer of Y. enterocolitca from the tonsils, or the feces, to the carcasses.

Introduction

Yersinia enterocolitica are psychrotrophic enterobacteria responsible for enteric infections in humans, 
mainly young children’s. In 2013, yersiniosis was the third most frequently reported zoonosis in the EU. The 
confirmed human cases were 6,471 (1.92 cases per 100,000 individuals) (EFSA & ECDC, 2015). Y. enterocolitica 
is classified into six biotypes. Biotypes 1B, 2, 3, 4 and 5 are considered pathogenic to humans while biotype 
1A is believed to be non-pathogenic. In Europe, most human-pathogenic strains belong to bioserotypes 
4/O:3 and to bioserotypes 2/O:9 and 2/O:5,27 to a lesser extent (EFSA & ECDC, 2015). Pigs are considered to 
be the main reservoir of pathogenic strains. Infection is most often acquired by eating contaminated food, 
particularly raw or undercooked pig meat. Pigs do not develop clinical signs but carry Y. enterocolitica in the 
oral cavity, on the tongue and tonsils, in lymph nodes and they excrete the bacteria in their feces (Thibodeau, 
1999, Nesbakken et al., 2003). A higher prevalence is reported in tonsils, than in the other parts of the carcass 
(tongue, feces, intestinal content, lymph nodes, offal, or surface of the carcass). In France in 2010-2011, the 
individual prevalence on tonsils was estimated at 13.7% [10.1-17.3] whereas the inter-batches prevalence 
was of 74.3% [65-84] (Fondrevez, 2011; 2014). The carcasses and offal may become contaminated during 
slaughtering process, particularly by fecal contamination from gastrointestinal content during evisceration 
operations, and more generally by cross contaminations through equipment, personnel and environment of 
the slaughterhouse (Frederiksson-Ahomaa et al., 2001, Nesbakken et al., 2003). According to the literature, 
some slaughtering practices and inspection procedures may increase the frequency of contamination of 
offal and carcasses. The aim of the study was to evaluate the impact of the tongue handling practice on the 
contamination of the carcasses by Y. enterocolitica: the tongue removed with the pluck set vs the intact tongue 
inside the head. This study has also allowed us to obtain data regarding the frequency of contamination of pig 
carcasses by Y. enterocolitica in France.
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Material and Methods

Sampling was performed in six slaughterhouses. Three removed the tongue together with the pluck set on 
the slaughter line whereas three left the tongue intact inside the head until the end of the cutting process. A 
total of 1920 pigs from 120 different farms/batches (60 batches of 16 pigs per type of slaughtering practice) 
were sampled both on their tonsils and carcass surfaces over a one year period ranging from November 2012 
to October 2013. The bottom part of the carcass (sternal region, belly, and throat) and the oral cavity including 
the tonsils were swabbed. Microbiological analysis were equally shared between Ifip and Aérial laboratories. 
For each sampling type, the samples were pooled (pool of 4 pigs) and analyzed using an enrichment in ITC broth 
(Irgasan, Ticarcillin, Potassium chlorate) (48h, 25°C) and streaking on CIN (Cefsulodin, Irgasan, Novobiocin) 
agar plates (24h, 30°C). Typical colonies of Yersinia enterocolitica were confirmed by using Api 20E strips 
(Biomérieux). Pathogenic and non-pathogenic strains biotypes were determined by multiplex PCR. The PCR 
method combined the method of Thisted-Lambertz and Danielsson-Tham (2005) targeting the three virulence 
genes ail, virF and rfbC, with the method of Arnold et al., (2004), which targets the Yersinia enterocolitica 
species specific 16s rRNA gene. The link between the contamination of tonsils and the contamination of the 
carcass and the link between the detection on carcasses/tonsils and the type of slaughtering process were 
assessed using Chi-2 tests. The individual prevalence was estimated using EpiTools (Sergeant, 2014). A logistic 
regression using SAS (v9.2) was performed to analyze the contamination of the carcasses as a function of 
either (i) the contamination of tonsils, (ii) the slaughtering process, (iii) the slaughterhouse or (iv) the batch.

Results

The prevalence results on tonsils are depicted in table 1. At the inter-batches level, the overall prevalence 
was of 48% [38-57]. The overall pooled-samples prevalence was of 21% [17-25], indicating that when a batch 
is positive, two pooled samples are positive in average. Nearly all slaughterhouses showed a prevalence 
ranging from 18 to 27,5% at the pooled-samples level. The difference between the tonsils prevalence of both 
type of slaughtering processes was not significant (p=10% and P=9% respectively) at the inter-batches (40% 
vs 55%) and pooled-samples (18% vs 24%) level. The overall individual prevalence estimated from the pooled-
samples was of 5,7% [4,7-6,9].

Table 1: Prevalence results of Y. enterocolitica on tonsils according to the slaughtering process 

Batches (4 pools) Pooled samples (4 pigs) Individual

Number of positive 
samples

Prevalence
Number of positive 
samples

Prévalence
Estimated 
prevalence

Overall 57/120
48%
[38-57]

101/480
21%
[17-25]

5,7%
[4,7-6,9]

Without tongue 
withdrawal

33/60
55%
[42-68]

58/240
24%
[19-30]

6,7%
[5,1-8,5]

With tongue 
withdrawal

24/60
40%
[28-54]

43/240
18%
[13-23]

4,8%
[3,5-6,4]

The prevalence results on carcasses are depicted in table 2. The overall inter-batches and pooled samples 
prevalence were of 7,5% [3,4-13,8] and 2,3% [1,1-4,1] respectively. The carcasses contamination was not statistically 
different between slaughterhouses removing the tongue on the slaughter line vs leaving the tongue intact inside 
the head, either at the inter-batches (p=12%) and pooled-samples level (p=9%). The overall individual prevalence 
estimated from the pooled-samples was of 0,6 % [0,3-1,0]. The presence of Y. enterocolitica on the carcasses was 

statistically linked to its presence on tonsils (p=1,8%). It was nearly five times higher on pigs with positive tonsils 
(5,9%), than on pigs with negative tonsils (1,3%). The number of pigs having positive carcasses and tonsils was close 
between slaughterhouses removing the tongue on the slaughter line (7%) vs leaving the tongue intact inside the 
head (5,2%). The number of pigs having positive carcasses and negative tonsils was nearly the same regardless of 
the type of slaughtering process (1,5% vs 1,1%).

Table 2: Prevalence results of Y. enterocolitica on carcasses according to the slaughtering process

Batches (4 pools) Pooled samples (4 pigs) Individual

Number of positive 
samples

Prevalence
Number of positive 
samples

Prevalence
Estimated 
prevalence

Overall 9/120
7,5%
[3,4-13,8]

11/480
2,3%
[1,1-4,1]

0,6%
[0,3-1,0]

Without tongue 
withdrawal

4/60
6,7%
[1,8-16,2]

5/240
2,1%
[1,3-9,5]

0,5%
[0,2-1,2]

 With tongue 
withdrawal

5/60
8,3%
[2,7-18,4]

6/240
2,5%
[1,8-10,6]

0,6%
[0,2-1,4]

The statistical analysis showed that the tonsils contamination was the only factor that significantly 
influenced the carcasses contamination (p=1,2%). The tongue withdrawal did not significantly impact the 
carcasses contamination (p=60%). By PCR, we showed that 93,2% and 6,5% of strains (352) isolated in this 
study belonged to the pathogenic biotype 4/O:3 and 2/O:9 or 3/O:5,27 respectively, while 0,3% belonged to 
the non-pathogenic biotype 1A.

Discussion

The overall inter-batches tonsils prevalence was lower than the 74,3% [65-84] observed in France in 
2011 (Fondrevez et al., 2014). The pooled-samples and individual tonsils prevalence were also lower than 
expected. These results could be explained by: (i) the detection method used, (ii) the impact of the pooling on 
the sensitivity of the detection method, and (iii) an under estimation of the prevalence for slaughterhouses 
removing the tongue on the slaughter line due to the partial withdrawal of the tonsils, thus reducing the 
surface to swab. Aerial and Ifip analyses of the same samples by the same method but in two different labs 
showed a strong consistency of the results (kappa: 0,66). 

The overall estimated individual carcasses prevalence (<1%) was low as we expected. Our results were consistent 
with those of Bonardi et al. (2013) who identified a pork carcasses prevalence at slaughterhouse of 2,4%. However, 
they were much lower than the 15% prevalence observed in Belgium (Van Damme et al., 2013).

The aim of the project was to evaluate whether the withdrawal of the tongue on the slaughter line had 
an impact on the carcasses contamination. The sampling protocol was designed to highlight differences in 
prevalence higher to 4% at the pooled samples level. However, the low tonsils and carcasses prevalence 
observed did not allow us to evaluate the impact of the tongue handling practice on the contamination of the 
carcasses by Y. enterocolitica, even when taking into account the initial contamination of the tonsils. In our 
study, the tonsils contamination was the only factor that influenced significantly the carcasses contamination 
of the corresponding pig.

The prevalence of the bioserotypes identified was consistent with published data (Feurer et al., 2011, 
Bonardi et al., 2013, Laukkanen-Ninios, 2014).
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Conclusion

The carcasses contamination was not statistically different between slaughterhouses removing the tongue 
on the slaughter line compared to the ones leaving the tongue intact inside the head.

Thus, despite the experimental design, we were not able to confirm that the removal of the tongue 
on the slaughter line had a significant impact on the carcass contamination with Yersinia enterocolitica. 
However, these results confirmed that the carcasses contamination is linked to the initial contamination of 
the corresponding tonsils. Cross contaminations appeared to be low but existed and good hygiene practices 
remain necessary to limit the transfer of Y. enterocolitca from the tonsils, or the feces, to the carcasses.
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04. Biofilm formation by Salmonella enterica strains isolated from feed mills
Laviniki, V. (1), Lopes, G. V. (1), Pellegrini, D. P.(2)

Abstract

Feed supplied to pigs is considered an important vehicle for Salmonella enterica subsp. enterica 
introduction on farm. Salmonella can be able to form biofilm on several abiotic surfaces, which may contribute 
to environmental persistence. This study aimed to evaluate the biofilm formation capacity in Salmonella 
strains isolated from four Brazilian feed mills. The biofilm formation was assessed in 54 Salmonella isolates 
belonging to different serovars by phenotypic assays: i. expression of curli fimbriae and cellulose in Luria-
Bertani agar supplemented with Congo red, Coomassie brilliant blue and calcofluor; ii. adhesion on 96-well 
polystyrene microtiter plates. The results showed that all isolates presented the rdar morphotype (read, 
dry and rough colonies) on agar incubated at 28° C. From the total of isolates displaying rdar-morphotype, 
14.8% (8/54) showed to be weakly adherent on polystyrene microtiter plates, and were thus considered 
presumptively biofilm producers. These strains were originated from ingredients and equipment samples, 
and were distributed among the following serovars: Montevideo (n=2), Senftenberg (n=2), Tennessee (n=1), 
Orion (n=1), Morehead (n=1), and S. enterica O: 16 (n=1). In this sense, biofilm formation might have played 
a role in Salmonella colonization of equipment in feed mills, and should be further investigated. 

Introduction

Salmonella can be able to form complex communities attached to surfaces, and this biofilms may 
contribute to its persistence in the environment (Steenackers et al., 2012). The formation of biofilms has been 
assessed in vitro mainly by phenotypic methods, such as colony morphology and adhesion to abiotic surfaces 
(Stepanovic et al., 2000; Malcova et al., 2008). Several studies demonstrated that bacterial isolates, which 
are originated from residual contamination of food handling environments, often display positive results in 
biofilm formation phenotypic tests (Stepanovic et al., 2004; Vestby et al., 2009).   

The feed supplied to the animals is considered an important vehicle for the introduction of Salmonella in 
pig farms (Binter et al., 2011). Salmonella contamination during feed manufacturing process has been related 
to the use of contaminated ingredients or the persistence of strains in the environment (Wierup & Hãggblom, 
2010; Pellegrini et al., 2015). In this sense, biofilm formation by Salmonella strains on the equipment surface 
may play an important role in the persistence of certain strains reported in feed mills (Pellegrini et al., 2015). 
Thus, the aim of this study was to assess the biofilm formation ability of Salmonella strains isolated at various 
stages of feed processing.

Material and methods

Fifty-four Salmonella strains isolated during a cross-sectional study conducted in four feed mills were 
tested. The strains were originated from ingredient or environmental samples and belonged to sixteen 
serovars: Agona (n = 5), Anatum (n = 4), Cerro (n = 1), Infantis (n = 2), Mbandaka (n= 1), Montevideo (n = 
18), Morehead (n = 1), Newport (n = 2), Orion (n = 3), Salmonella enterica O:3,10 (n = 2), Salmonella enterica 
O:16:c:- (n = 1), Schwarzengrud (n = 1), Senftenberg (n = 6), Tennessee (n = 4), Typhimurium (n = 1) and 
Worthington (n = 2). 



211210

Safepork 2015 Posters  Epidemiology and control of hazards in pork production chain – SAFEPORK
One health approach under a concept of farm to fork

Biofilm formation was assessed by two phenotypic assays: i. morphology of colonies formed on Luria-
Bertani (LB) agar; ii. adhesion on polystyrene microtiter plates. Salmonella strains were streaked on Luria 
Bertani agar with low salt content (LB low salt; Sigma-Aldrich, St. Louis, USA) supplemented with 40 µg/mL 
of Congo Red (Sigma-Aldrich) and 20 µg/mL of Coomassie brilliant blue (Sigma-Aldrich). Cellulose production 
was determined on LB agar supplemented with 50 µM Calcofluor (Fluorescent brightener 28) (Sigma-Aldrich). 
The plates were incubated at 37°C for 24 hours or at 28°C for 96 hours. After incubation, colony morphology 
was classified as: rdar (presence of curli fimbriae and cellulose), pdar (presence of cellulose), bdar (presence of 
curli fimbriae), saw (absence of curli fimbriae and cellulose). For cellulose detection, colony fluorescence was 
evaluated under UV light at 366 nm (Römling et al., 2003). All assays were performed in duplicate and repeated 
three times in different days. The adherence test was conducted in flat bottomed 96 well polystyrene plates 
(TPP® Techno Plastic Products AG, Switzerland) containing 20 µL of bacterial suspension (approximately 5 x 
108 CFU/mL) and 230 µL of Tryptic Soy Broth without glucose (TSB; Bacto®, New Jersey, USA). After incubation 
at 37°C for 24 hours, the microplates were processed according to the protocol described by Stepanovic et al. 
(2004), and evaluated by spectrophotometry at 570 nm. The optical density cut-off (ODc) was defined as the 
mean OD of the negative control (culture medium) and the isolates were classified as follows: non-adherent 
(OD ≤ ODc); weak adherent (ODc < OD ≤ 2xODc); moderate adherent (2x ODc < OD ≤ 4 x ODc); and strong 
adherent (OD > 4xODc). Staphylococcus epidermidis ATCC 35984 and Salmonella Typhimurium ATCC14028 
were included in each plate as positive controls. All tests were performed in triplicate and repeated in three 
different days. 

Results

Among the 54 Salmonella isolates tested, all presented the rdar morphotype at 28°C and saw morphotype 
at 37°C (Figure 1). Among them, 14.8% (8/54) showed to be weak adherent on polystyrene microtitre plates, 
and were considered as presumptive biofilm producers. These isolates belonged to six serovars [Montevideo 
(n=2), Senftenberg (n=2), Tennessee (n=1), Orion (n=1), Morehead (n=1), and S. enterica sub. enterica O: 16 
(n=1)], and were originated from equipment (n=5) as well as ingredients delivered at the feed mills (n=3).

Discussion

In this study, we evaluated the phenotypic characteristics associated with biofilm formation capability 
in Salmonella isolates originated from feed mills. All isolates expressed rdar morphotype at 28°C, which is 
characterized by the production of an adhesive extracellular matrix consisting of curli fimbriae and cellulose 
(Römling et al., 2003). The curli fimbriae are considered to be expressed in response to nutrient limitation, 
while cellulose is an extracellular component produced for mechanical and chemical protection of bacterial 
cells (Jain & Chen, 2010). Both components are important for survival under challenging conditions, which 
may be encountered by bacteria in the environment. Moreover, the expression of curli fimbriae and cellulose, 
leading to rdar morphotype, was temperature dependent, indicating that both components may play a much 
more important role at room temperature. The adherence test to abiotic surfaces revealed that 14.8% (8/54) 
of these isolates were weakly adherent to polystyrene plates, and were thus considered as presumptive 
biofilm producers. These strains were originated from ingredient delivered at the feed mills or were isolated 
from dust or debris samples taken from the equipment surfaces. The results indicate that Salmonella isolates 
able to produce biofilm may be introduced in feed mills through contaminated ingredients. The formation of 
biofilm in turn is influenced by several environmental factors (temperature, surfaces, nutrients and pH), which 
regulate the expression of genes responsible for biofilm formation (Linou & Koutsoumanis, 2012, Nguyen & 
Yuk, 2013, Simm et al., 2014). In this sense, the environmental conditions found inside feed mills, such as high 

moisture and temperature, may influence the formation of biofilm by certain Salmonella isolates, allowing 
their residual colonization of surfaces. The influence of these factors in the formation of biofilms needs to be 
further investigated.       

Conclusion

Strains isolated from feed mills can be able to form biofilm. This fact might play a role in Salmonella 
residual colonization of equipment, and should be further investigated. 
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Figure 1. Morphotypes of Salmonella isolates. (A) saw morphotype after a 24-hour incubation at 37°C on Congo Red agar. (B) rdar 
morphotype after a 96-hour incubation at 28° C on Congo Red agar.

05. Effect of protective cultures and different modified atmosphere packaging on 
Listeria innocua growth and on sensory properties in sliced cured-smoked pork loin
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Abstract

This study aims to evaluate the antimicrobial effect of two protective cultures combined with different 
modified atmosphere packaging (MAP) systems on Listeria innocua growth in sliced ready-to-eat pork loin, a 
Portuguese traditional cured-smoked product (Lombo). Two protective lactic acid (LAB) cultures - Lactobacillus 
sakei ST153 and BLC35 (CHR Hansen) were tested for their ability against L. innocua 20130c growth (as a 
surrogate for L. monocytogenes) in sliced “lombo” packed in two MAP conditions, (20%CO2/80%N2 and 
40%CO2/60%N2) and stored at 5oC. The influence of MAP and protective cultures in the sensory characteristics 
of the product was also evaluated by semi-trained panel of fifteen judges. The MAP affected the growth of L. 
innocua, the Listeria population decreasing 3 log CFU/g after 120 days of storage at 5oC. In samples containing 
protective cultures a reduction of 1–2 log CFU/g in counts of L. innocua was observed after 12 hours. At the 
end of storage results indicated that L. sakei ST 153 was more efficient than BLC35 culture on inhibiting L. 
innocua growth and this inhibition was enhanced by MA (40%CO2/60%N2). Results of sensory evaluation 
showed that oiliness, hardness, succulence, and characteristic taste attributes of “lombo” decreased during 
storage whereas the bitter taste increased in both LAB applications and no significant differences between 
LAB cultures or MAP conditions were found.

Introduction

Listeria monocytogenes is one of the most important psychrotrophic foodborne pathogens related to 
anaerobically packed lightly cooked or cured-smoked meat products because of its ability to survive and 
multiply at refrigerated temperature. Slicing of such products can lead to further contamination with 
pathogens. Therefore, the prevalence of pathogens in commercial ready-to-eat fermented meats products 
requires improvements in packaging and preservation methods maintaining the freshness, quality and safety 
of foods Lactobacillus species represent the dominant LAB strains currently found in meat starter cultures 
(Chaillou et al., 2005). One of the most efficient technologies used for product preservation is Modified 
Atmosphere Packaging (MAP) combined with refrigeration. Several studies have shown that MAP of many 
types of meat products interferes with the survival and growth of L. monocytogenes (Hudson et al., 1994; 
Hugas et al., 1998). Research on antimicrobial substances, mainly bacteriocins, produced by LAB, has led 
to consideration of their use as natural preservatives in meat products (Castellano, et al., 2008; Fadda et 
al., 2010). Lactic acid bacteria naturally dominate the microflora of meat products that are stored under 
vacuum or in an environment enriched with CO2 and their use as protective cultures has been studied as an 
alternative to chemical additives for assuring food safety (Holzapfel et al., 1995).

The aims of this study were to evaluate the antimicrobial effect of two protective cultures combined 
with different MAP conditions enriched in CO2 on survival of Listeria innocua 2030c (as a surrogate for L. 
monocytogenes), and on the sensory properties of sliced ready-to-eat “lombo”, a Portuguese cured-smoked 
pork loin.
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Material and Methods

“Lombo” was produced and sliced by an industrial meat company and subsequently transferred to 
the laboratory under refrigerated conditions. Lactobacillus sakei ST153Ch was sub-cultured twice (1% v/v 
inoculum; 24 h at 37 oC) in 10 mL MRS broth and L. innocua in TSB broth. The cells were harvested under 
aseptic conditions by centrifugation (6000 x g for 10 min) at room temperature. The cell pastes obtained 
were washed twice by centrifugations, and re-suspended in sterilized water before being inoculated onto the 
product slices. BLC35 culture was used as recommended by the manufacturers (commercial mixed starter 
culture including strains of Lb. curvatus, S. xylosus and P. acidilactici; CHR Hansen). L. innocua (107 CFU/mL) 
was spread onto the slices using a sterile cotton swab, prior to the inoculation of the LAB cultures. The LAB 
cultures (109 CFU/mL) were inoculated onto the slices by immersion with a subsequent air drying stage. Slices 
were placed in trays (AERpack, B22- 50, COOPBOX Hispania SLU, Spain), covered with a high barrier covering 
film (OPEX 55 AB PA/EVOHBarrier/PE, Boulanger SAS, France) and heat sealed (Oceania Jolly 20/40, Yang 
C.R.L., Italy). Twelve batches were obtained by combining the two modified atmospheres (20%CO2/80%N2 
and 40%CO2/60%N2) with the six treatments: (1) uninoculated slices as control (C), (2) slices inoculated with 
L. innocua (C+L), (3) slices inoculated with BLC35 (BLC35), (4) slices inoculated with BCL35 plus L. innocua 
(BCL35+L), (5) slices inoculated with Lb. sakei ST153Ch (ST 153), and (6) slices inoculated with Lb. sakei 
ST153Ch plus L. innocua (ST153+L). Samples were taken from each batch at the following times of storage: 
0 and 12 h, and after 15, 30, 90 and 120 days of storage. Each trial was performed at least in duplicate. For 
sensory evaluation a sheet with nine attributes (“meat colour”, “oiliness”, “characteristic odour”, “off-odour”, 
“hardness”, “succulence”, “characteristic flavour”, “acid taste”, “bitter taste”), each one with a discrete 
13-point scale, was established and given to the panelists (semi-trained panel of 15 elements) that evaluated 
samples at days 5, 33, 94 and 124 of storage (3 to 5 days after the corresponding microbiological sampling 
times).

Results

The results of microbiological analysis are showed in Figure 1. In the presence of LAB strains (Lb. sakei 
ST153Ch and BCL35 commercial sample), the L. innocua levels decreased between 1-2 Log CFU/g at the 
beginning of storage. At the end of storage, the combination Lb. sakei ST153Ch and MAP conditions of 
40%CO2/60%N2, was the most effective on controlling L. innocua growth in sliced “lombo”.

 

 
 

Figure 1. Effect of LAB cultures (Lb. sakei ST153Ch and BCL35) and MAP (20%CO2/80%N2 and 40%CO2/60%N2) on L. innocua numbers 
in sliced lombo during 120 days of storage at 5oC

Sensory evaluation results are presented in Figure 2. The reference value of control (commercial sample) 
for each attribute, corresponding to a score of 7, is also noted in Figure 2.

Figure 2- Sensory evaluation of a) characteristic flavour, b) succulence, c) bitter taste, d) hardness and e) oiliness of sliced “lombo” 
with protective LAB strains addition (BLC35 or ST153) packed under MAP (20%CO2/80%N2 or 40%CO2/60%N2) during 124 days of 
storage at 5oC.

The sensory panel, for each strain application and MAP conditions, did not differentiate samples (p > 0.05) 
with respect to the following attributes: meat colour; characteristic odour; off-odour and acid taste (data not 
shown). The acidic taste attribute was expected to be influenced by LAB additions, however the panelists did 
not notice this compared to the control commercial samples. Results showed that, during storage, oiliness, 
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hardness, succulence, and characteristic flavour attributes decreased whereas the bitter taste increased in 
both LAB applications, this effect of LAB application being significant at the end of storage time (p < 0.05). In 
general, samples with commercial culture BLC35 addition were considered harder and less succulent than 
those with Lb. sakei ST153Ch addition, but these differences were not statistically significant. A conformity 
evaluation of the samples, using a 5- point hedonic scale that allowed perceiving potential defects that were 
not expressed in the attributes (data not shown) scored all samples above the conformity level (>3) during 
the 124 days of storage.

Discussion

The antibacterial spectrum of activity of Lb. sakei ST153Ch has been previously studied and results indicated 
their potential for use in a mixed starter culture for the fermentation of meat products (Todorov et. al., 2013). In the 
present study the best strain with respect to Listeria safety was Lb. sakei ST153Ch. Another study, using the same 
strains but added to another cured-smoked pork product, reported samples containing BLC35 being harder and 
less succulent than the ones containing Lb. sakei ST153Ch although the “conformity” attribute was not influenced 
by the type of starter culture and MAP conditions during 120 days of storage. (Jácome et al., 2014).

Conclusion

Lactobacillus sakei ST153Ch, an autochthonous strain of Portuguese cured-smoked pork products, 
combined with MAP, can be regarded as an effective tool for increasing safety in ready-to-eat sliced cured-
smoked products with respect to Listeria spp.
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06. Is competitive exclusion a valuable alternative for classical cleaning and 
disinfection of pig-growing units?
Luyckx, K.1*; Millet, S.2; Van Weyenberg, S.1; Herman, L.1; Heyndrickx, M.13; Dewulf, J.4 and De Reu, K.1

Abstract

Colonization of the environment of pig-growing units by pathogenic microrganisms is an important 
factor in development of endemic diseases in pigs and, in spreading of zoonotic diseases. These pathogens 
are mostly controlled by the use of antibiotics and disinfection during vacancy. Because, the past years an 
increasing resistance against these measures is noticed, alternative methods such as competitive exclusion 
(CE) are promoted as promising. In this study the effect of a CE protocol on the bacterial infection in pig-
growing units was compared to a classical cleaning and disinfection (C&D) protocol. Tests were performed 
during three successive production rounds using multiple identical pig-growing units. CE protocol consisted 
of cleaning (no disinfection) after loading piglets and spraying probiotic bacteria (Bacillus spp. spores) during 
vacancy and production. The cleaning product also contained Bacillus spores. Sampling was performed at 
different time-points: immediately after pig loading (manure still present); 24 hours after cleaning (CE units) 
or after disinfection (control units); after one week and five weeks of production (piglets present). At each 
time point, swab samples for analyses were taken. Enumerations of bacterial spores, Enterococcus spp., E. 
coli, fecal coliforms and MRSA and detections of E. coli, fecal coliforms and MRSA were performed. Next 
to bacterial analyses, also feed conversion and fecal consistency was monitored. This study showed that, 
although probiotic spores were administered well, the analyzed bacteria were not decreased after three 
production rounds in CE units and remained on the same level as the control units (C&D). Also, the infection 
pressure in CE units during vacancy was not as much reduced as after the disinfection-step in control units. 
Finally, no differences in feed conversion and fecal consistency were found. These results indicate that the 
used CE protocol is not a valuable alternative for classical C&D.

Introduction

Colonization of the environment of nursery units by pathogenic micro-organisms is an important factor 
in the persistence and spread of endemic diseases in pigs and zoonotic pathogens. These infections are 
generally controlled by the use of antibiotics and disinfectants. However, the past years an increasing level 
of resistance against these measures is noticed (Russell, 1998; Mateu and Martin, 2001; Soumet et al., 2012; 
Callens et al., 2013)it is important to be informed on its susceptibility to antimicrobial agents. In the current 
study, the Minimum Inhibitory Concentration (MIC. Wong et al. (2013)which has led to concern about its 
spread into the community. Disinfectants play an important role in reduction of contamination in both animal 
husbandry and food-preparation, helping control spread of organisms from foodstuffs, including raw meat. 
Plasmid-borne antiseptic resistance (AR described the presence of antiseptic (disinfectant) resistance genes in 
methicillin resistant Staphylococcus aureus sequence type 398 (MRSA ST398). Although the minimum inhibitory 
concentrations (MIC) and minimum bactericidal concentrations (MBC) of resistant strains remain lower than 
the recommended working concentrations of disinfectants, there is concern that an impairment of the used 
disinfectant (e.g. presence of organic material) resulting in exposure to lower active levels of these agents, could 
lead to selection of more resistant strains harboring these genes (Wong et al., 2013). Randall et al. (2004)”ISBN” 
: “0305-7453 (Print suggested that the use of biocides alone or combined with antibiotic treatment may also 
increase selective pressure towards antibiotic resistance of Salmonella enterica. Beier et al. (2008) showed 
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that β-hemolytic enterotoxigenic E. coli strains isolated from neonatal pigs, were resistant to chlorhexidine 
and individual quaternary ammonium compounds (QAC). Some of these isolates had also multiple antibiotic 
resistance. Because of the ongoing concern over excessive use of biocides and potential resistance development 
and cross-resistance to clinically important antibiotics, the use of bacterial biocontrol agents has been suggested 
many times as an alternative method to antagonize the growth of these pathogens. The aim of this study was 
to compare the effectiveness of a commercial competitive exclusion (CE) protocol with a classical cleaning and 
disinfection (C&D) protocol in nursery units.

Materials and methods

Management in control and CE units

This study was carried out in 6 identical nursery units at the experimental pig farm of ILVO during three 
successive production rounds. Three units were assigned to the control group (classical C&D protocol) and 
three to the treatment group (CE protocol). After six weeks, piglets were transported to fattening units and 
pens were cleaned (and disinfected) according to the test protocols. Classical C&D protocol was carried out in 
the control units after pig loading. CE protocol in treatment units consisted of the following steps: pens were 
hosed with cold water under low pressure, foamed with 1.5% PIP AHC (Probiotics In Process Animal House 
Cleaner, Chrisal, Lommel, Belgium) and rinsed with warm water. PIP AHC consists of cleaning compounds, 
Bacillus spp. spores and enzymes. In CE units, no disinfection was carried out. Besides, during vacancy and 
production, CE units were sprayed 2 – 3 times a week with pure PIP AHS (Animal Housing Stabilizer, Chrisal) 
in order to bring and retain biocontrol agents in the stable environment. The used AHC and AHS PIP products 
contained Bacillus spores of five different species in a concentration of 8.5 and 7.5 log CFU/ ml, respectively. 
Both protocols were carried out according to the manufacturers guidelines. 

Sampling scheme

Sampling was performed at different time points (i.e. sampling moments):

Immediately after pig loading, but before cleaning (manure still present) (BC)

24 hours after cleaning (CE units) (AC) or 24 hours after disinfection (control units) (AD)

After one week of production (piglets present) (W1)

After five weeks of production (piglets present) (W5)

Five locations per pen and three pens per compartment were sampled at each time point with premoistend 
sponge swab samples. A surface of 625 cm² (i.e. A4 format) was swabbed whenever possible. Since the surface 
of the drinking nipples was smaller than 625 cm², two drinking nipples per pen were sampled.

Sample processing

Swab samples were analyzed for Enterococcus spp., E. coli, fecal coliforms and MRSA enumerations. 
Besides, spore enumerations were carried out, in order to test if Bacillus spp. spores from the PIP products 
were well distributed and sufficiently present in pens. After overnight incubation of the swab samples, 
detection of MRSA and E. coli, fecal coliforms and Salmonella was carried out.

Other Analyses

Next to bacterial analyses, feed conversion ratio of every pen was calculated. In addition, faecal consistency 
was evaluated according to Pedersen and Toft (2011): a score from 1 (no diarrhea) to 4 (serious diarrhea) was 
assigned per pen. Finally, the number of treatment days per 100 risk days or TD100 was calculated per pen for 

each protocol. This was done by calculating the ratio of treatments days (the number of days that piglets were 
treated with antibiotics) and the number of days at risk (the time that pigs could be exposed to antibiotics). 
This ratio was then multiplied by 100 to determine or TD100.

Results

Spores 

At every sampling moment and at each production round, higher spore enumerations were found for CE units 
compared to control units (P< 0.01). Besides, spore-enumerations increased after every round in CE units (P< 0.01). 

Enterococcus spp.

After disinfection of the control units, lower Enterococcus spp. enumerations were observed compared to 
cleaned CE units (P< 0.01). The mean difference was 2.28 log CFU/ sampling surface. Microbial cleaning in CE 
units caused a reduction of 0.70 log CFU/ sampling surface, while in control units a reduction of 3.24 log CFU/ 
sampling surface was noticed after disinfection. During production (piglets present) and before cleaning, no 
differences in Enterococcus spp. enumerations were found between units. 

E. coli, fecal coliforms and MRSA. 

More E. coli countable samples were found for CE units after cleaning compared to control units after 
disinfection (P< 0.01). Proportion of countable samples was reduced by 9% after cleaning of CE units, while a 
reduction of 41% was obtained after disinfection of control units. During production and before cleaning, no 
differences were found in amount of countable E. coli samples between both types of units. Same observations 
were made for fecal coliforms and MRSA enumerations and detections results.

Performance results. 

No significant differences in mean feed conversion and scores of fecal consistency were found between 
piglets raised in CE and control units.

Antibiotic treatment

No significant differences in mean TD100 were found between protocols.

Discussion

Several hypotheses have been proposed to explain the mechanisms of CE cultures. One is that CE 
bacteria should compete with other bacteria for nutrients and energy, which results in preventing growth 
and proliferation of pathogenic bacteria in the environment (Cummings and Macfarlane, 1997). Another 
hypothesis is that these bacteria influence the quorum sensing communication and therefore inhibit 
expression of virulence and colonization genes of pathogens (Vilà et al., 2010). Besides CE bacteria, also 
enzymes are administered during cleaning, that would help to eliminate biofilms. In this study, no reduction 
of the analyzed bacteria after three production rounds in CE units was seen. 

E. coli (indicator for Salmonella) and MRSA analyses showed that the infection pressure was not reduced 
to the same extent as implementing a disinfection step. In addition, during production no differences were 
noticed. Also no improvement in hygiene was seen: during production no differences were found in Enterococcus 
spp. (hygiene indicator) and fecal coliforms (fecal indicator) contamination between the two types of units. 
Improvement of feed conversion efficiency by probiotic type bacteria could be obtained by a shift in intestinal 
flora, stimulating growth of nonpathogenic facultative anaerobic and Gram positive bacteria forming lactic 
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acid and hydrogen peroxide, inhibiting growth of pathogens, and enhancement of digestion and utilization of 
nutrients (Lutful Kabir, 2009). However, no differences were found between piglets raised in CE and control units 
in our study. In addition, no differences in fecal consistency was noticed. In addition, no differences in TD100 
were found. A possible explanation for not obtaining the claimed effect of reducing the microbiological infection 
pressure and improved feed conversion might be the too low administered dose of CE bacteria resulting in 
the need to revise the product compositions and application protocols. On the other hand, there is also the 
possibility that CE is not a valuable alternative for classical cleaning and disinfection.

Conclusion

Very few studies about the impact of microbial cleaning and administration during production on the 
environment in animal houses is available. Our results showed that competitive exclusion by probiotic type 
bacteria could not meet the claims provided by the manufacturer. Moreover, this study showed that a good 
cleaning and disinfection protocol during vacancy is still very important for reducing infection pressure in 
nursery units. However, more research should be carried out for a valuable alternative, because disinfectant 
resistance might be an upcoming problem.
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07. Evaluating the effectiveness of a sodium butyrate feed additive for the control of 
Salmonella carriage in finishing pigs.
Walia, K. (1, 2), Argüello, H. (1), Lynch, H. (1, 3), Leonard, F.C. (3), Duffy, G. (1), Lawlor, P.G. (4); Gardiner, G.E.*(2)

Abstract

This study aimed to investigate the effectiveness of commercially available sodium butyrate to control 
the shedding of Salmonella on two Irish pig farms with a history of high Salmonella seroprevalence. On both 
farms, pens (12-17 pigs/pen) were randomly assigned to a control (finisher feed without additives) or an acid 
treatment (the same feed supplemented with 0.03% sodium butyrate) for 24-26 days prior to slaughter. On 
Farm A, Salmonella shedding was reduced in the acid group compared to the control group at the end of the 
treatment period (30% vs. 57% probability of detecting Salmonella in faeces, respectively; p<0.05).  However 
no effect of treatment was observed on Farm B, which could perhaps be explained by a concomitant infection 
by Lawsonia intracellularis. No significant differences in Salmonella recovery rates were observed from caecal 
digesta or ileocaecal/mesenteric lymph nodes collected at slaughter in either of the trials. Furthermore, feed 
intake, weight gain and feed conversion efficiency did not differ significantly between control and treatment 
groups on either farm.

Introduction

Ireland has a high prevalence of Salmonella contamination on pork carcasses (20%) (EFSA, 2008) and this is 
likely related to a high level of Salmonella carriage in some pig herds within the country (Burns et al., 2013). This 
highlighted a need to find measures to control Salmonella shedding in pigs at primary production, especially 
in finishing pigs, as they are a significant source of Salmonella in the abattoir. Dietary supplementation with 
organic acids has shown promise in controlling Salmonella in pigs (Friendship et al., 2006). After a critical 
review of the literature, sodium butyrate was selected for further evaluation.  Sodium butyrate acts via down-
regulation of the expression of hilA (an invasion gene) in Salmonella, thereby suppressing its ability to invade 
porcine intestinal epithelial cells, which in-turn decreases faecal shedding of the bacterium in pigs (Boyen et al., 
2008). This study investigated the ability of dietary supplementation with sodium butyrate during the last 
month of growth pre-slaughter to reduce faecal shedding and intestinal carriage of Salmonella in finisher pigs.

Material and Methods

(a)  Farms

Farm A had a historically high Salmonella seroprevalence (according to the Irish National Pig Salmonella 
Control Programme) i.e. > 60%; however, prior to commencement of the trial, the seroprevalence declined to 
0%.  Thus, artificial contamination of pens using a Salmonella strain recovered from sows on the farm during 
the same time period was performed in advance of the feeding study.  This strain was a monophasic variant of 
S. Typhimurium (4,5,12;i:-), and its antimicrobial resistance pattern was determined to be ASSuT.  Farm B, on 
which pigs had been shown to carry S. Typhimurium, also had a historically high Salmonella seroprevalence 
(i.e. > 50%).

(b)  Animal Housing and Diets

Farm A had 14 pens with a total of 168 pigs (72 males and 96 females, with 12 same gender pigs/pen), 
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while Farm B had 12 pens with a total of 177 pigs (86 males and 91 females, with 12-17 same gender pigs/
pen).  Approximately 4-weeks before the target slaughter date, pigs on both farms were randomly assigned to 
one of two dietary groups: a standard finisher feed with no feed additive (control) or the same finisher feed 
with 0.3% sodium butyrate (Adimix®, Nutriad, Kasterlee, Belgium; acid). The sodium butyrate additive used 
was coated to ensure delivery to the lower intestinal tract. 

(c)  Sample Collection

On both farms, pigs were weighed before diets were administered (day 0) and before pigs were sent to 
slaughter (day 26 for Farm A and day 24 for Farm B).  Feed intake for each pen was recorded on a weekly basis.  
Faecal samples (25 g) were collected from each pig on days 1, 12 and 24/26; and swabs were taken from 
the trucks used to transport pigs to the abattoir (before loading) and from two holding pens at the abattoir.  
On day 28, all 168 pigs from Farm A were sent to slaughter; whereas for Farm B, 88/177 pigs were sent to 
slaughter on day 26 and the remaining 89 pigs were sent to slaughter on day 32.  Following slaughter, caecal 
digesta (≥ 25 g), and ileocaecal lymph nodes (ILN) together with mesenteric lymph nodes (MLN) (≥ 10 g) were 
collected from 88 animals (45 control and 43 acid) from each farm for Salmonella detection.  The ILN and MLN 
were pooled prior to analysis.  Carcass quality data were also collected from each animal post-slaughter.  All 
samples were collected aseptically and kept cool on ice until analysis (within 24 hours).

(d)  Sample Analysis

Salmonella Detection and Serotyping: The presence/absence of Salmonella was determined in all samples 
using standard enrichment procedures (ISO 6579:2007; Amendment 1: Annex D).  Serotyping of all presumptive 
Salmonella isolates was performed using a real-time PCR assay for identification and differentiation of 
Salmonella enterica serovar Typhimurium and monophasic serovar 4,[5],12:i:- as described by Prendergast et 
al. (2013).  Any isolates not identified as Salmonella Typhimurium or its monophasic variant, were serotyped 
according to the White-Kauffmann-Le Minor scheme using commercial antisera.

Statistics: All statistical analysis was performed using the Proc Glimmix procedure of SAS (SAS Inc, Cary, N. 
Carolina).

Results

On Farm A, after 26 days, administration of sodium butyrate resulted in a decline in Salmonella shedding 
as compared to the control group (30% vs. 57% probability of detecting Salmonella in faeces, respectively; 
p<0.01; Figure 1a).  When comparing the effect of treatment between days 12 and 26, supplementation 
with sodium butyrate was again more effective in reducing Salmonella shedding (66% vs. 30% probability of 
detecting Salmonella in faeces, respectively p<0.001) than no supplementation (50% vs. 57%, respectively, 
p=0.80, Figure 1a). No effect of acid treatment on Salmonella shedding was observed for Farm B (Figure 1b). 
Truck swabs for both farms were Salmonella-negative; while the 2 lairage pens swabbed (for Farm B) were 
Salmonella-positive.  

No significant treatment differences in Salmonella recovery rates were observed in the caeca or ILN/ MLN 
collected at the slaughterhouse for either farm (Figure 1c).  The Salmonella serovars recovered from the 
faecal samples were S. 4,5,12:i:- (Farm A) and S. Typhimurium 1,4,[5],12:i:1,2 (Farm B).  The caecal and ILN/
MLN isolates were serotyped as S. 4,[5],12:i:- (Farm A and B) and S. Typhimurium 1,4,[5],12:i:1,2 (Farm B) and 

the lairage isolates as S. 4,[5],12:i:-.

In terms of production parameters, no significant differences were observed in feed intake, weight gain or 
feed conversion efficiency (FCE) between control and acid-treated groups for both farms.  For Farm B, female 
pigs on the acid treatment had a significantly higher kill-out yield than male pigs on the acid treatment (79.4% 
vs. 77.1%, respectively; p=0.02).  There was also a tendency for females to have a higher kill-out yield than 
males (79.0% vs. 78.0%; p=0.06). Muscle depth of pigs in the control and acid-treated groups were 51.8 mm 
and 50.1 mm, respectively (p=0.06). 

Discussion

This study evaluated the effectiveness of a commercially available sodium butyrate in reducing Salmonella 
shedding and intestinal carriage in finisher pigs and also investigated its ability to improve growth performance. 
Dietary supplementation with sodium butyrate was successful in decreasing Salmonella shedding over a 26-day 
period on a highly contaminated farm with no secondary infection.  This result is in line with previous research 
that showed reductions in Salmonella shedding in weaner pigs deliberately infected with Salmonella after 12 
days of dietary supplementation with sodium butyrate (Boyen et al., 2008). However, this is the first on-farm 
trial that has used sodium butyrate as a control measure to reduce the shedding of Salmonella in finishing pigs. 
A co-infection by Lawsonia intracellularis on Farm B may explain the absence of a sodium butyrate effect on that 
farm.  In addition, for Farm B, the caecal and ILN/MLN isolates were identified as both S. Typhimurium and its 
monophasic variant.  The latter serotype was not recovered from the pig faeces at farm level but was recovered 
from the two lairage pens sampled at the abattoir, prior to loading the pigs. This suggests that the pigs from 
Farm B may have also acquired a new infection in the lairage.   

Despite the absence of statistically significant effects on growth, pigs fed the acid treatment on Farm 
A showed a 7% increase in growth rate and an 8% improvement in FCE over the 26-day feeding period 
compared with pigs on the control diet. Similarly, for Farm B, pigs on the acid treatment showed a 2.6% 
increase in growth rate and a 4% improvement in FCE over the 24-day feeding period compared with those 
on the control diet.  

Conclusion

Overall, dietary supplementation with sodium butyrate for a relatively short period of time (<30 days) 
prior to slaughter can be considered an effective control measure to reduce faecal shedding of Salmonella 
in finishing pigs. However, it did not reduce intestinal carriage at slaughter and did not significantly improve 
growth performance in pigs.
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Table 1.  Salmonella prevalence in faeces collected from individual finisher pigs fed either a control diet or a diet supplemented with 
sodium butyrate during sampling days 0, 12, 24/26 for Farms A and B

Farm A Farm B

Day 0 Day 12 Day 26 Day 0 Day 12 Day 24

 Control Acid Control Acid Control Acid Control Acid Control Acid Control Acid

No. Pigs with Positive Faeces 15 35 43 53 47 28 17 5 27 20 28 20

No. Pigs with Negative Faeces 65 44 40 28 34 50 66 83 55 67 58 68

No. Pigs with No Faeces 5 5 2 3 4 6 4 2 5 3 1 2

Total Pigs 85 84 85 84 85 84 87 90 87 90 87 90

Salmonella Prevalence 17.65 41.67 50.59 63.10 55.29 33.33 19.54 5.56 31.03 22.22 32.18 22.22

     

*p<0.001 (acid group on day 12 versus day 26)
†p=0.018 (control group versus acid group on day 26)

Figure 1.  The probability of detecting Salmonella in faeces (a, b), caeca and ILN/MLN (c) from finisher pigs in control versus acid 
treatment groups for Farms A and B

DIAGNOSIS AND DETECTION OF SWINE ZOONOTIC DISEASES AND PORK 
HAZARDS

08. In the slaughterhouse, how can the first carcasses be more contaminated with 
Enterobacteriaceae and E. coli than the last ones?
Costa, R. D.(1), Silva, V.(1), Leite, A.(1), Vieira-Pinto, M.(1,2)*

Abstract

Pork carcasses’ direct or indirect contamination by Enterobacteriaceae and E. coli (hygiene criterions), 
mainly by bacteria present in intestinal or skin faecal material, can occur at different stages of the slaughter 
line. In this study it was determined the level of Enterobacteriaceae and E. coli contamination on the skin of 
100 pigs and in the corresponding carcasses. It also was analysed, for each pig, the skin visible level of faecal 
contamination (VLFC), recorded the holding time in lairage and the slaughter order (beginning or ending). In 
each animal, sponge swabs were performed on the skin and in the respective carcasses (approximate 1000 cm2). 
A total of 200 samples were microbiologically analyzed according to ISO 21528-2:2004 (Enterobacteriaceae) 
and ISO 16649-2:2001 (E. coli). 

The achieved results showed that there was no significant correlation (p-value >0,05) between VLFC in the 
skin´s pig and its level of bacteria contamination which could be due to the shower, used before stunning, 
that maybe had a different effect on the removal of VLFC and bacteria from the skin (that could still adhered 
to the skin after shower). Increasing holding time in lairage leaded to a highly significant increasing level 
of Enterobacteriaceae and E. coli (p-value <0.001), both on swines’ skin and in the respective carcasses. 
Achieved results also showed that pigs mean time in lairage was significantly higher for pigs slaughtered at 
the beginning than for those ones slaughtered at the end of the session (p<0.001), which could help to explain 
why the average level of Enterobacteriaceae and E. coli on pigs skin´s and in carcasses was significantly higher 
for pigs slaughtered at the beginning than for those slaughtered at the end.

The results allows to underline lairage logistic and showers efficiency before slaughter as important 
processes that should be efficiently controlled in order to improve hygiene level of pork carcasses.

Introduction

According to Commission Regulation 2073⁄2005 (amended by Commission Regulation (EC) No 1441/2007), 
Enterobacteriaceae count is considered a process hygiene criteria (PHC) used to evaluate faecal contamination 
(FC) of fresh meat carcasses. It sets an indicative contamination value above which corrective actions are 
required in order to maintain the hygiene of the process in compliance with food law. Criteria for the mean 
Enterobacteriaceae counts on pigs are: satisfactory, if the daily mean log is < 2,0 log cfu/cm2, acceptable, if 
the daily mean log is between 2,0 log cfu/cm2 and 3,0 log cfu/cm2 and unsatisfactory, if the daily mean log is 
> unsatisfactory, if the daily mean log is >3,0 log cfu/cm2. 

Enterobacteriaceae and E. coli are two interchangeable indicators used to specifically address the 
level of faecal contamination (Barco et al., 2014). Indicator bacteria are considered an interesting target 
for microbiological analysis in order to obtain information about the hygiene of processes and products. 
Microbiological criteria can also be used in validation and verification of HACCP procedures and other hygiene 
control measures. Also, since pathogenic bacteria are infrequently present on carcass surfaces, generic E. 
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coli and other Enterobacteriaceae are used to indicate the potential presence of enteric pathogens (Lenahan 
et al., 2009). The fecal contamination of carcasses, by means of direct or cross-contamination processes, 
mainly from bacteria present in intestinal or skin faecal material, can occur at different stages of the slaughter 
practice. According to Vivas and Buncic (2004), in cattle the main source of incoming carcass contamination 
is the skin. In pigs, the effect of the skin faecal contamination on the microbial profile of the carcasses is 
less direct/clear than in cattle due to the influence of several steps of the slaughter process (e.g. scalding, 
polishing…) (Blagojevic et al., 2011). Nevertheless some authors have already proven that contamination of 
carcasses with Salmonella sp. can be directly linked to the skin contamination with his bacteria (Davies et 
al.,1999; Rossel et al., 2009). According to our knowledge, there are no studies that analyses relationship 
between the counts of indicator organisms and visual faecal contamination on pig carcasses.

Skin faecal contamination can be related to the holding time in lairage and its level of hygiene. About this 
subject, Delhalle et al., (2008) already referred the importance of use of water during lairage cleaning and a 
high frequency of lairage disinfection in lower E. coli counts in swine carcass. 

The main objectives of present study were to evaluate the association between Enterobacteriaceae and E. 
coli (as indicators of faecal contamination) on pigs’ skin and respective carcasses and try to explain how these 
indictors may be affected by visible level of faecal contamination (VLFC) in the pig´s skin before slaughter, 
holding time in lairage and slaughter order (beginning or ending).

Material and methods

From January 2014 to April 2014, several visits (10) were made to an abattoir in the North of Portugal. In 
each visit pigs (10) were randomly selected (some at the beginning and some at the ending of the slaughter 
process) and sampled. For each animal samples were collected from the pigs’ skin (after the bleeding) and 
from the external carcass surface (before refrigeration). Surfaces (1000cm2 area) were sponge-swabbed 
starting from the hindquarter downward to the forequarter according to the protocol recommended by the 
Food Standard Agency (FSA). 

Each swab was placed in a separate sterilized recipient properly identified and transported under 
refrigeration conditions to the laboratory within 2 h.

Each swab-sample was simultaneously used for Enterobacteriaceae and E. coli count. A total of 100 pigs 
were analysed. In the laboratory, samples were analyzed according to method defined on ISO 21528-2:2004 
and ISO 16649-2:2001 respectively to count Enterobacteriaceae and E. coli.

Additionally, for each sampled pig the following information was collected:

- Lairage holding (hours): Trough the analyses of the Food Chain Information;

- Slaughter moment: beginning or end of the slaughter day;

- Visible fecal contamination level (VLFC) was evaluated after the bleeding stage: In an imaginary way, the 
external surface of a half carcass was divided in 4 areas, and each one of theses areas was subdivided in other 
4 areas that had a value of 0.25 if VLFC was seen. In that way, VLFC ranged between 0 and 4 values.

On both skins and carcasses, E. coli and Enterobacteriacae counts were calculated as CFU/cm2 and after 
converted into log CFU/cm2 and used to calculate mean values. Significance of difference between criteria 
was calculated using Student T-test.

It was performed a Pearson correlation analysis in order to verify the relationship that could be established 

between Enterobacteriaceae/E. coli level in pigs’ skin and carcasses as well as between these indicators and 
holding time in lairage.

Results 

Table 1 resumes data related to lairage holding time and VLFC 

Table 1 - Data related to lairage holding time and VLFC

Results concerning to Enterobacteriaceae and E. coli counts on the pigs´ skin and carcasses are presented 
in table 2.

Table 2 – Enterobacteriaceae and E. coli counts (log10 ufc/cm2) on the pigs´ skin and carcasses

Discussion

In this study, the average time in lairage was 27 hours, which is considered an overstated value and it 
is not in accordance with Regulation (EC) N.º 853/2004, that defines that animals must be slaughtered 
without undue delay and only when necessary, for welfare reasons, they should be allowed a rest period 
before slaughter. This result may have been influenced by the sampling day. All samples were collected on 
Monday, which means that, probably, we have found animals that arrived at the slaughterhouse during all 
the weekend period, underlining the difficulty to manage the lairage logistic during this period. Maybe to 
mitigate this excessive time of holding in lairage, it was observed that the pigs with more time in lairage were 
the ones to be firstly slaughtered. Student t test showed that the average time spent in the lairage of the pigs 
slaughtered at the beginning of the slaughter day was higher than that the ones slaughtered at the end, being 
this difference highly significant (p-value <0.001). 

In order to compare the level of visible level of faecal contamination (VLFC) in the pigs’skin at slaughter 
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with the count of hygiene indicator bacteria, E. coli and Enterobactericeae, it was created a classification scale 
(between 0 to 4) to quantify VLFC. An average level of 0,45 for VLFC was determined revealing, in general, a 
relatively clean samples. This result could be related to the use of a shower with high-pressure water that pigs 
suffered just before stunning (and before the VLFC analyse). According to our results, in this slaughterhouse, 
VLFC in pig’s skin should not be used as an indicator of the presence of these indicator bacteria since the 
statistical results didn’t´ support any significant difference in E. coli and Enterobacteriaceae count among pigs 
with different levels of VFC (p-value >0,05). As it was referred before, this could be related to the fact that the 
VLFC was analysed after the cleaning (shower) step. In this case, it seems that the shower used to clean the 
pigs before slaughter was effective in the reduction of visual dirtiness but, apparently, not effective in bacteria 
removal that could still adhered to the skin or, on the other hand, the washing procedure could had lead to 
a redistribution of bacteria over skin surface. Belluco et al. (2015) referred this situation in pig carcasses, 
mentioned that washing does not effectively reduce microbial contamination.

There are several studies published on the influence of different stages of the slaughterline on the count 
of E. coli and Enterobacteriaceae on swine carcasses. But, according to our knowledge, this is the first study 
that analyses relationship between the counts of indicator organisms and visual faecal contamination on pig 
carcasses. This gap was previously referred in a literature review done by Barco et al., 2014.

Although it was observed a highly significant (p-value < 0,001) reduction in Enterobacteriaceae and E. coli 
counts from pigs ‘skin to the carcass, indicating the efficiency of the slaughter process in the reduction of 
these indicators, it was also demonstrated a highly significant (p-value < 0,001) positive correlation between 
these two results: higher counts of Enterobacteriaceae and E. coli in pigs ‘skin are related to increases in 
counts in the respective carcass. Additionally, the achieved results showed that increasing time in lairage 
holding leads to an increasing level of Enterobacteriaceae and E. coli both in swine skin (p-value <0.001) and 
in the respective carcass (p-value <0.001), been these relationships highly significant. Since, in this study, pigs 
slaughtered at the beginning had a mean time in lairage significantly higher than those slaughtered at the 
end of the session (p<0.001), that could help to explain why the average level of Enterobacteriaceae and E. 
coli in the first carcasses was significantly higher than in those processed at the end. In a slaughterhouse, this 
should be considered an unusual result. As it was referred be Greig et al. (2005), the usual is the last carcasses 
be more contaminated that the first ones due to the crescent contamination (instruments, equipment...) 
along the slaughter process. These result highlights the importance of slaughter “clean” pigs (as it is referred 
in European Regulation 853/2004) or the use of effective cleaning measures before slaughter as well the 
reduction of holding time in lairage as important measures to improve hygienic level of carcasses. 

Conclusions

Results from this study underpin the influence of skin faecal contamination and lairage holding time on the 
level of Enterobacteriaceae and E. coli in carcasses. Both indicators leaded to the same conclusions. Since pig´s 
skin proved to be an important source of carcass contamination, further studies should be derived in order to 
better understand this subject and analyse effective hygienic practices to control it. According to our knowledge, 
this is the first study that analyses relationship between the counts of indicator organisms and visual faecal 
contamination on pig carcasses. In this study, VLFC wasn´t considered an good indicator of the presence E. coli 
and Enterobacteriaceae . Maybe in next studies we should try to classify VLFC before the cleaning step.

According to European Regulation CE) N.º 2073/2005, when the results of testing against this hygiene 
criteria are unsatisfactory, improvements in slaughter hygiene and review of process controls must be 
implemented. Our results indicate that these improvements should advantageously include corrective actions 
to increase hygiene level of the pigs’ skin before slaughter and reduce holding time in lairage.

The present study aimed to provide useful information for the implementation of good hygienic practices 
during the pig slaughter process. 
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09. Salmonella sp. in pigs’ skin, external and internal carcass surface at 
slaughterhouse
Silva, V.(1)*;Costa, D. R. (1); Themudo, P.(3); Leite, A.(1), Vieira-Pinto, M.(1,2)*

Abstract

Salmonella spp. is one of the major foodborne pathogen in Europe, being pork meat the second main 
vehicle of human infection. In this study it was analysed the occurrence of Salmonella spp. on pigs’ skin and 
in the respective carcasses surfaces (internal and external). For that, matched samples were collected in 120 
animals. In each animal, sponge swabs were performed on the skin and in the corresponding carcass surfaces 
(approximate area 1000 cm2). A total of 360 samples were microbiologically analyzed according to ISO 6579. 
Salmonella isolates (45) were serotype by Kauffmann-White scheme at the National Reference Laboratory 
for Salmonella in Portugal. The main serotype identified was the monophasic variant of S. Typhimurium: 
S. 4,[5],12:i:- (46.7%), followed by S. Rissen (42.2%) and S. Derby (11.1%). The highest value of Salmonella 
occurrence was observed in pigs’ skin (29.2%; 35/120) underlining its importance as a potential source of 
Salmonella contamination to slaughterhouse. Nevertheless, since from these 34 pigs, only 2 presented this 
bacteria in the respective carcass external surface, the achieved results minimizes its importance for the direct 
contamination of the respective carcass. Salmonella sp. occurred more in the internal carcass surface (13.3 %; 
16/120) than in the external (4.1%; 5/120) and, only in two cases, Salmonella sp. was simultaneously found 
in both carcass surfaces, equating different contamination sources. Curiously, S. 4,[5],12:i:-, a preoccupant 
serotype, was only identified in the pigs’ skin (12/34; 35.3%) and in the internal carcass surface (9/16; 56.3%). 
In these pigs, 4 presented simultaneously this serotype in both matched samples. This study suggest that 
more attention should be dedicated the skin as an important source of Salmonella contamination and to the 
internal carcass surface, which analysis is not under mandatory control defined in the Commission Regulation 
2073⁄2005.

Introduction

Salmonella spp. is pointed as one of the most important bacterial zoonotic pathogen frequently reported 
as a cause of foodborne diseases in the world (Vieira Pinto et al., 2005, EFSA, 2014). After poultry meat, 
pork and pork products are described as one of the major sources of human salmonellosis in Europe (EFSA, 
2014). Pork contamination by Salmonella spp. is a complex issue that can be influenced by many factors at 
all stages of the production chain (Arguello et al., 2013) and slaughterhouse can be an important stage for 
its mitigation (Fedorka-Cray et al., 1995; EFSA, 2010). Salmonella spp. can be present at the gastrointestinal 
tract in slaughtered pigs and also in the skin, being potential sources of carcasses’ contamination and other 
edible products, introducing Salmonella spp. in food chain (Vieira Pinto et al., 2005). In pigs, the effect of the 
skin faecal contamination on the microbial profile of the final carcasses is an understudied subject. According 
to Blagojevic et al., (2011), this effect is less direct/clear than in cattle due to the influence of several steps 
of the slaughter process (e.g. scalding, polishing…). Nevertheless some authors have already proven that 
contamination of carcasses with Salmonella sp. can be directly linked to the skin contamination (Rossel et al., 
2009). According to Commission Regulation 2073⁄2005, Salmonella is considered a process hygiene criteria 
(PHC) that must be mandatory analysed on the external side of pigs’ carcasses. Questions remain unclear 
about the importance to alternatively/complementarily control the internal surface that may give valuable 
indicative results to implement corrective actions required to maintain the hygiene of the process. The 
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objectives of this study were: a) analyse Salmonella spp. presence on pigs’ skin and determine its relationship 
with the corresponding final carcasses; b) compare Salmonella spp. contamination of the internal and external 
carcasses surfaces.

Materials and methods

From January 2014 to April 2014, several visits were made to an abattoir in the North of Portugal. For each 
animal samples were collected from the pigs’ skin (after the bleeding) and from the corresponding external 
and internal carcass surfaces (before refrigeration). Surfaces (1000cm2 area) were abrasive sponge-swabbed 
starting from the hindquarter downward to the forequarter. A total of 360 samples were collected from 
120 pigs. Each swab was placed in a separate sterilized recipient properly identified and transported under 
refrigeration conditions to the laboratory within 2 h. At the laboratory, the sponge samples were analysed 
based on ISO 6579:2002 for Salmonella detection. Serotyping of Salmonella sp. isolates was performed 
according to the Kauffmann–White scheme in the Laboratório Nacional de Investigação Veterinária (Lisbon, 
Portugal), the Portuguese Reference Laboratory for Salmonella.

The differences in the proportions of each positive sample were assessed by using the Chi2 test. Odds 
ratios (OR) and their 95% CI was calculated. Variables with a probability [p] value ≤ 0.05 were considered 
significant (IBN SPSS Statistics software version 22).

Results 

From the 120 pigs analysed, Salmonella spp. was isolated from 56 samples (Table 1). Only 45 samples were 
serotyped. 

Discussion

This study showed that the highest value of Salmonella occurrence was observed in pigs’ skin (28.3%; 
34/120). This result is similar to the one presented by Blagojevic et al. (2011) for abattoir A (28%) but inferior 
to the one presented for abattoir B (40%). For both cases, these authors considered these values relatively 
high. In our study, it was noticed a reduction in Salmonella spp. isolation from pigs’ skin to the corresponding 
carcass surfaces and statistical analysis shown that there were no significant differences (p-value >0,05). This 
result indicates that slaughter process does not appear to have been effective in the reduction of Salmonella 
spp. contamination from the skin to the final carcass. This result underlines the importance of skin as an 
important source of Salmonella contamination to the slaughterhouse and consequently to the carcasses. This 
subject was already presented by Gill (2004) that referred the importance of enteric pathogens present in 
faecal matter in animals during time of slaughter on meat contamination. Also, Rossel et al., (2009) referred 
that carcass contamination can be directly linked to the skin contamination of live pigs before stunning. But, 
concerning to direct contamination from skin to final carcass, we only hypothetically observed this situation 
in 2 possible cases (pig 21 and 23). 

Table 1 – Salmonella serotype distribution throughout positive samples.
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Nevertheless the non-identification of all serotypes isolates and the absence of its molecular genetic 
profile do not enable to guarantee the existence of this direct contamination. Also, it was seen in this study 
that external surface carcasses from pigs 37, 44 and 70 presented the same serotype isolated from the skin 
of pigs previously slaughtered, equating potential cross-contamination during that slaughter day. Once again 
that suspicious result must be confirmed by molecular genetic data. More studies should be made in order to 
provide a better understanding regarding this subject.

Interesting in this study was the fact that from the 16 positive internal carcass surfaces, 5 (31.2%) had 
the same serotype identified in the corresponding skin. In four of these cases S. 4,[5],12:i:- was the serotype 
identified. This serotype was only identified in the pigs’ skin (12/34; 35.3%) and in the internal surface 
(9/16; 56.3%) and it was the most prevalent (46%) which is in accordance with data reported by EFSA, 2014. 
The authors would like to underline that this was their first study developed in swine carcases where S. 
Typhiumurium wasn´t identified. Additionally, to these results it was possible to observe that internal surface 
of 6 carcases (105, 108, 111, 116 and 117) presented the same serotype isolated from the skin of pigs previously 
slaughtered in the same day. How can be expectable that Salmonella present in the skin can contaminate 
the internal surface of the carcass? Two answers can be possible to equate. The first one it is related with 
contamination after the splitting step when internal face becomes exposed to the skin contaminants mainly 
indirectly through the equipment, instruments (knife), hands and others. The second explanation could 
be related to the faecal contamination of internal surface during evisceration, since Salmonella present in 
intestine content can be the same as the one present in the skin. It is known that pigs before slaughter can be 
orally infected with Salmonella from faecal material present in the environment and become simultaneously 
dirty with this material contaminating the skin (Rossel et al., 2009; Arguello et al., 2013). Once again more 
studies should be derived to increase knowledge about this subject, especially because in this study it was 
observed a higher Salmonella spp. isolation rate on internal carcass surface (13.3%; 16/120) comparatively to 
the external surface (4.1%; 5/120). Also, Odds ratio calculations shows that internal surface of carcass is 3,6 
times (95% CI; 1.302 to 25.326) more likely to reveal the presence of Salmonella spp. than the external surface 
of carcass. Only in two cases, Salmonella sp. was simultaneously found in both carcass surfaces, equating 
different contamination sources. For all these reasons, should be important to try to better understand the 
complexity of the different sources of contamination that could be enrolled in the contamination of the two 
carcasses surfaces. Also, these results suggest that more attention should be dedicated to internal carcass 
surface, which analysis is not under mandatory control defined in the Commission Regulation 2073⁄2005 (and 
respective ammmends). According to this Regulation, Salmonella spp. in pig carcasses it is a process hygiene 
criterion in order to control contamination during slaughter. This criteria was recently changed by Comission 
Regulation (EU) N.º 217/2014, based on EFSA opinion which identifies Salmonella as a high risk for public 
health related to the consumption of pig meat, and recommending to strengthen the process hygiene criterion 
for Salmonella on pig carcasses: satisfactory criteria is considered if the presence of Salmonella is detected 
in a maximum of 3 in 50 samples that are derived from 10 consecutive sampling sessions. Comparing our 
results to this EU process hygiene criteria we could say that for external surface (5/120) the process hygiene 
was considered satisfactory in opposite to the internal surface (16/120). Although Salmonella in internal 
carcass surface is not considered a process hygiene criterion, this result indicates a contamination value that 
should be complementarily considered by the food business operators in order to maintain the hygiene of the 
process and to protect the health of consumers.

Conclusions

This study underlines the importance of skin as an important source of Salmonella contamination to the 
slaughterhouse and consequently to the carcasses. More studies should be developed in order to understand 
how carcass (internal and external surface) contamination with Salmonella spp. can be directly or indirectly 
linked to the skin contamination of live pigs before stunning.

Also, the results observed in this study support that more attention (level and source of contamination) 
should be dedicated to internal carcass surface that showed an higher rate of Salmonella isolation comparatively 
to the external surface giving valuable indicative results to implement additional corrective actions required 
to maintain the hygiene of the process, as it is stated in Commission Regulation 2073⁄2005. According to this 
regulation, when the results of testing against hygiene criteria (Salmonella) are unsatisfactory, improvements 
in slaughter hygiene and review of process controls must be implemented. In addition, food business operators 
shall take measures to find the cause of the unsatisfactory results in order to prevent the recurrence of the 
unacceptable microbiological contamination. Those measures may include modifications to the HACCP-based 
procedures or other food hygiene control measures in place.

Our results indicate that these improvements should advantageously include corrective actions to increase 
hygiene level at the skin swine level and in the internal surface of the carcass.
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10. Detection of Toxoplasma gondii antibodies in swine herds in Québec, Canada
Quessy, S.1; Letellier, A.1; Surprenant, C.2; Patrik Buholzer, P.3

Toxoplasmosis is a disease caused by the intracellular protozoan parasite Toxoplasma gondii. In human 
being, foodborne contamination is mostly associated to consumption and manipulation of raw or undercooked 
meat, unwashed vegetables and fruit or drinking water contaminated by oocystes. In Canada, very few recent 
prevalence studies are available to evaluate the human exposure to T. gondii by meat products. Using data 
from other countries, preliminary analysis indicated that the disease burden associated to this parasite is 
among the highest. Swine has been identified as a T. gondii reservoir in some countries. The objective of this 
study was to estimate prevalence of T. gondii in selected Québec pig herds by serology using the PrioCHECK 
Toxoplasma Ab porcine-ELISA kit. Farms were selected from an integrated swine company in Québec province 
and were issued from 3 different production pyramids associated to distinct sanitary status in order to assess 
the level of Toxoplasma antibodies. Pig blood samples from these 3 farms were collected at slaughterhouse. 
A total of 250 samples were collected from each farm. A total of 10 sera were used for the validation steps 
and 240 samples were tested to establish the status of each farm. Sera samples were frozen (-20°C) in aliquots 
until use. Samples were analysed were analyzed following the instructions in the ELISA kit package insert. 
Results demonstrated a good reproducibility intra-plate, inter-plate and between days of analysis. A very 
low prevalence of T. gondii, ranging from 0 to 0,4%, was detected in the 3 selected farms. This result was 
consistent with our expectations considering the good control of risk factors associated with the presence of 
Toxoplasma in these farms. Indeed, although associated to various disease status, these farms followed very 
strict biosecurity protocols and therefore no contact with natural vectors (cats, rodents) was possible.

1Université de Montréal;
2F. Ménard Inc;
3Thermo Fisher Scientific



239

Safepork 2015 Posters  

11. Comparison of different samples for the detection of MRSA in pigs
Tenhagen, B-A.1; Fromm, S.1

Sampling herds and animals for pathogens is vital for the control of these pathogens. It was the objective 
of this study to analyse published data on the sensitivity of different types of samples for the detection of 
methicillin resistant Staphylococcus aureus in individual animals and groups of animals in livestock species in 
the absence of a gold standard.

Literature was reviewed to collate data that allowed for comparison of sampling methods for MRSA in 
livestock. Whenever possible, data of several studies were combined to get a more accurate estimate of the 
sensitivity. If more than two methods were combined the effect of including more than two types of samples 
on the sensitivity of detection was also estimated.

On animal level, nasal swabs were compared to skin swabs that were collected close to the ear and to 
rectal swabs. On the individual animal level, nasal swabs were slightly superior to skin swabs with a relative 
sensitivity of 90.2 vs. 88.5 %. However, 21.4 % of the total positive swabs were only detected by one of the 
methods. Inclusion of further samples further enhanced the number of identified positive pigs. However, the 
benefit from additional sampling was limited as nose and skin had a combined RS of 97 % and 100 % over an 
additional sample from the perineum or from conjunctiva and rectum.

For the detection of positive pig farms, air sampling, sampling of 50 to 60 pigs in the nose or the skin can 
be considered fairly equivalent in terms of sensitivity. Likewise, boot swab samples seem to be a promising 
alternative. However, it has to be kept in mind that neither of the methods detects all positive herds, hence 
using one approach alone does not result in a satisfactory sensitivity. Therefore, a combination of the methods 
needs to be considered.

1Federal Institute for Risk Assessment
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12. Genetic diversity of Listeria monocytogenes strains isolated from pork products
Henri, C.1; Felix, B.1; Plouchard, D.1; Dao, T.T.1; Feurer, C.2; Roussel, S.1

Listeria monocytogenes (Lm) is an ubiquitous bacterium that causes a foodborne illness, the Listeriosis. 
PFGE-based studies revealed low genetic diversity among 126 strains isolated from pork products from 2000 
to 2001, in France. 78% of these strains displayed two AscI PFGE profiles “a1” and “a2”, which were pork 
specific, in comparison to clinical strains during the same period1.

The French National Reference Laboratory (NRL) has constituted a large collection of strains isolated 
from the main food production sectors, in France, over the past twenty years. It has developed a database 
centralizing epidemiological, genotypic and phenotypic data for about 2000 food strains. The food matrices 
listed within the database were divided according to the classification of EFSA2.

A close collaboration between the NRL and the French Institute for Pig and Pork Industry made possible to 
access a collection of 284 strains isolated from pigs, pork cuts and the environment plants, in France, between 
2003 and 2013. The objective of our study was to structure this population. We compared the diversity 
of these strains to the one observed for strains isolated from other food sources, using PFGE and MLST. A 
similarity limit of 80% was chosen to distinguish the PFGE groups.

The 284 strains were divided into 28 PFGE groups, 20 Sequence types (STs) and 11 clonal complexes 
(CCs). 24 % of these strains clustered within a same sub-type, corresponding to ST121. This ST includes “a1” 
and “a2” AscI profiles previously described1. The ST121 is the most frequently observed in the French NRL 
database. It included strains isolated from a large diversity of food sources.

In opposite to literature, these results revealed (1) a large genetic diversity of strains isolated from the pig 
chain and (2) the absence of genetic group specific to strains of the pork sector.

 

References
 1: Hong, E., et al. (2007). Int J Food Microbiol 114(2): 187-194.
 2: Felix, B., et al. (2014). J Microbiol Methods 104C: 1-8.

1Anses, Maisons-Alfort Laboratory for Food Safety, Maisons-Alfort, France.; 2Ifip, French Institute for Pig 
and Pork Industry, Maisons-Alfort, France.
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13. Project PathoPig – A practical approach to strengthen post mortem analyses 
and early detection of pig diseases and zoonoses
Balmer, S. (1); Graage, R. (2); Gurtner, C. (3); Nathues, H. (4); Nigsch, A. (1); Peter-Egli, J. (5); Scheer, P. (6);  
Sidler, X. (7); Sydler, T. (2);Thür, B. (8); Hadorn, D.* (1)

Abstract

Post mortem examinations are important for early detection and diagnosis of animal diseases and zoonoses. 
Over the last ten years, the number of necropsies in livestock has decreased considerably in Switzerland. To 
counteract this decline, the Federal Food Safety and Veterinary Office (FSVO) launched a project in 2014 called 
PathoPig. The aim is to evaluate the significance of pathologic-anatomical examinations for early detection of 
pig diseases and to investigate the impact of the findings on the improvement of pig health.

Pig producers can participate if at least one of the following criteria is fulfilled: high morbidity and/or high 
mortality, unusual clinical signs, recurrent problems of unknown aetiology resistant to therapy or increased 
use of antimicrobials. Accordingly, the veterinarian examines the herd, fills in a standardised anamnesis 
protocol and submits one to three pigs representing the health problem to a designated pathology laboratory. 
After post mortem examination, the veterinarian offers specific recommendations to the farmer. Three to six 
months later, the Swiss Pig Health Service (SPHS) follows up the success of the veterinary recommendations.

In 2014, 371 farms submitted pigs for PathoPig. In 84% of these cases, a conclusive diagnosis was obtained. 
In 56% of the cases, gastrointestinal problems were determined, most often (44%) caused by pathogenic 
Escherichia coli. In more than 80% of the cases, the animal health status could be improved considerably after 
the veterinary consultation.  

Increased post mortem examinations allowed more specific therapeutic treatments and management 
recommendations. Additionally, an improvement of collaboration between diagnostic laboratories, 
veterinarians and producers was achieved, thereby strengthening disease awareness and early detection of 
pig diseases and zoonoses in Switzerland.

Introduction

Post mortem examinations are an essential tool for surveillance and early detection of emerging and re-
emerging animal diseases and zoonoses (FSVO, 2010; Kimpfler et al., 2007). In this regard, one important 
objective of the Swiss Animal Health Strategy 2010+ (AHS 2010+) is to reinforce necropsies and laboratory 
diagnostics to further strengthen animal health in Switzerland and to keep the good quality feature for Swiss 
food products (FSVO, 2010).

However, over the last ten years, the number of post mortem examinations in livestock has decreased 
considerably in Switzerland (Gurtner & Posthaus, 2013). To counteract the decline of post mortem 
examinations in livestock, the FSVO launched a project in 2014 called PathoPig. The aim of this project is 
to evaluate the significance of pathologic-anatomical examinations for early detection of pig diseases and 
zoonoses (FSVO, 2014; Hadorn Schneider et al., 2014). Furthermore, the strengths and weaknesses of further 
diagnostic testing for pig diseases in Switzerland and the improvement of pig health after examinations have 
to be evaluated. A further objective of PathoPig is the improvement of collaboration between diagnostic 
laboratories, veterinarians and producers.
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Materials and Methods

Pig producers with animal health problems on farm level can participate in the project if at least one of the 
following criteria is fulfilled: high morbidity and/or high mortality, unusual clinical signs, recurrent problems 
of unknown aetiology resistant to therapy or increased use of antimicrobials. If the health problem fits one of 
these criteria, the herd-attending veterinarian examines the herd, fills in a standardised anamnesis protocol 
and submits one to three pigs representing the health problem to a designated pathology laboratory (Figure 1). 
Eight different laboratories conducting post mortem examinations in livestock are participating in the project. 
The lab costs are subsidised by the FSVO up to a predetermined amount of money, depending on the number 
of examined pigs. After the post mortem examination, the veterinarian gives specific recommendations to 
the farmer to solve the animal health problem. Three to six months later, the Swiss Pig Health Service (SPHS) 
follows up the implication success of the veterinary recommendations.

Figure 1: Process operation of the project PathoPig (SPHS = Swiss Pig Health Service, FSVO = Federal Food Safety and Veterinary 
Office).

Results

In 2014, 371 farms with animal health problems submitted pigs for PathoPig. Altogether 623 pigs were 
sent to a designated pathology laboratory for post mortem examination. In 84% of all cases, the most 
likely cause of the particular disease was diagnosed. In most cases without a final diagnosis, no additional 
examinations for determining the causal agent were conducted (mainly due to financial reasons). In other 
cases, the animals or carcasses were not representative for the animal health problem on farm level or they 
were severe autolytic.

The main criteria for sending pigs to a pathology laboratory was high morbidity and/or high mortality 
(40%). In 56% of all cases with a final diagnosis, gastrointestinal problems were determined most often (44%) 
caused by pathogenic Escherichia coli. In other cases, the animal health problem was mainly a consequence 
of septicaemic infections (15%), wasting diseases (5%) and polyserositis (5%).

In more than 80% of all cases, the animal health status could be improved considerably after the veterinary 

consultation (Figure 2). In cases where the animal health status remained unchanged or even got worse, the 
recommendations were only partially or not implemented by the farmer.

Figure 2: Animal health status after the veterinary consultation and implementation of the specific recommendations to solve the 
health problem.

Discussion

Due to the increased number of post mortem examinations, a tentative overview of the actual spectrum 
of Swiss pig diseases was achieved. Results showed that diarrhoea linked to a bacterial infection with E. coli 
is still one of the most important pig diseases in Switzerland. 

Based on the increased number of necropsies within the first year, the laboratories found few weaknesses 
concerning further testing and made adaptations to improve further diagnostics.

In 2014, the animal health problem could be solved on the majority of the participating farms and there 
seems to be a positive correlation between health status and implementation of veterinary recommendations. 
Cases where the farmers did not implement the recommendations were mainly individual cases respectively 
not representing a health problem on farm level or cases where the animal health problem was solved by 
itself.

First experiences showed that the collaboration between participating stakeholders as well as the 
discussions about farm animal diagnostics could be improved. Through a more intense exchange of pig health 
information and results, diagnostic laboratories, veterinarians and producers are more aware of the current 
animal health situation whereby surveillance and early detection of diseases are strengthened. Especially 
veterinarians are an important source of information for early detection of animal diseases since they are 
often the first point of contact when there is an animal health problem on a farm. Hence, it is crucial to 
further reinforce networking and active cooperation with all stakeholders, institutions and organisations in 
the field of animal health. 
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Conclusion

Within the scope of PathoPig, increased post mortem examinations led to aetiological diagnoses allowing 
specific therapeutic treatments and management recommendations. An additional value of the project is 
the improvement of collaboration between diagnostic laboratories, veterinarians and producers, thereby 
strengthening awareness and early detection of pig diseases.
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14. Streptococcus suis in German pig holdings – conventional and molecular 
detection
Langkabel N.*, Bräutigam L., Jaeger D., Fries R.

Abstract

Streptococcus suis (S. suis) is a zoonotic agent worldwide. Pigs are the main reservoir, mostly asymptomatic. 
Humans get the infection by contact and consumption of contaminated meat and meat products. In this study, 
samples from 38 pig carcasses fit for human consumption from 17 holdings were arbitrarily selected. From 
each carcass, seven tissue samples were taken and examined for the presence of S. suis, using conventional 
microbiology and PCR. In addition, virulence-associated factors (epf, arcA, sly, mrp) were tested with PCR. 
More isolates were PCR-positive for S. suis as compared to conventional testing, mostly in samples from the 
heart and from the mandibular lymphnodes. All isolates were epf negative, combinations of arcA, sly and 
mrp were found in some isolates. Six isolates were positive for arcA and mrp, five for arcA and sly. For three 
isolates the triple combination arcA + mrp + sly was found. These isolates originated from different pigs.

Introduction

Streptococcus (S.) suis is a gram-positive coccus with about 35 serotypes with different virulence (Lun 
et al., 2007; King et al., 2001; Staats et al., 1997). Serotypes 1 – 9 were found in more than 70% of S. suis 
isolated from diseased pigs. Serotype 2 is most prevalent in human cases worldwide, followed by serotype 
14. The distribution of serotypes varies between different regions in the world. In North America serotypes 
2 and 3 were most prevalent, and in Asia serotype 2. In contrast, in Europe, e.g. Germany, The Netherlands 
and Belgium, serotype 9 was mostly found and in Italy, France and Spain serotype 2 (Goyette-Desjardins et 
al., 2014). 

In humans, septicaemia, meningitis and endocarditis are possible clinical signs (Lun, 2007; Skrikandan and 
Slater, 2006; Staats et al., 1997). Human cases are observed in particular from South-East-Asian countries, 
mostly expressed as meningitis (Coker et al., 2011; Lun et al., 2007; Gottschalk, 2006). The main route of 
human infection is through contact with contaminated animals (skin lesions), carcasses or meat (Goyette-
Desjardins et al., 2014).

The respiratory tract of pigs is a natural habitat of S. suis. Clinical healthy pigs are a reservoir for S. suis. 
In pigs clinical signs such as meningitis may occur in case of predisposing factors like overcrowding, poor 
ventilation or coinfection with other pathogens (Staats et al., 1997).

For identification of S. suis, conventional microbiological identification, serotyping and PCR-tests are 
possible. In this study, samples were taken from 38 pig carcasses fit for human consumption and examined 
for S. suis by conventional microbiology and PCR. Serotyping was not performed. For virulence-associated 
factors, PCR was done.

Material and Methods

38 pig carcasses fit for human consumption from 17 holdings in Germany were arbitrarily selected. Each 
carcass was tested at seven sample locations (heart, kidneys, skin of the thoracic site or the belly, mandibular 
lymph nodes, tonsils, lymphonodi thoracici aortici and muscle from the diaphragm). In total, 608 samples were 
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collected and examined with conventional microbiology tests. In the end, 234 presumptive Streptococcus 
isolates were obtained. These isolates were then examined for Genus Streptococcus and Species S. suis with a 
test set (Table 1) and with PCR following Picard et al. (2004) for tuf gene (Genus level) and following Silva et al. 
(2006) for gdh gene (Species level). PCR-positive isolates were tested for genes of virulence-associated factors 
arcA (arginine deiminase), epf (extracellular factor), sly (suilysin) and mrp (muramidase-released protein) 
using PCR following Silva et al. (2006).

Table 1: Test set for conventional identification of Genus Streptococcus and Species S. suis

biochemical reaction expected result

Genus Streptococcus

Catalase negative

Oxidase negative

gas from glucose negative

Species S. suis

hemolysis alpha or beta

hippurate hydrolysis negative

esculine hydrolysis positive

arginine hydrolysis positive

mannitol fermentation negative

sorbitol fermentation negative

Results

Following Table 1, 231 isolates were Streptococcus-positive. Out of these, 77 isolates were identified as S. 
suis. Out of the 234 tested isolates, PCR identified 185 isolates as positive for Genus Streptococcus (tuf +). Out 
of these, 114 isolates were positive for S. suis-PCR (gdh +) (Table 2).

Table 2: Conventional and PCR results for Genus Streptococcus and Species S. suis

positive negative total

Conventional 
examination

Genus Streptococcus 231 (98.7 %) 3 (1.3 %) 234

Species S. suis 77 (33.3 %) 154 (66.7 %) 231

PCR Genus Streptococcus 185 (79 %) 49 (21 %) 234

Species S. suis 114 (61.6 %) 71 (38.4 %) 185

The PCR-positive isolates were tested for virulence-associated factors. In 37 out of the 38 pig carcasses 
examined virulence-associated factors were found in isolates from different tissues. Only one animal was 
negative for all virulence-associated factors. All isolates were epf-negative. 108 isolates were arcA-positive. 
Six isolates were positive for mrp and five for sly. Different combinations with arcA-positive isolates were 
found, too. Double combinations were found for arcA and mrp respectively sly, three isolates showed a triple 
combination of virulence-associated factors (arcA + mrp + sly). These isolates were from three different pigs 
from different farms (Table 3).

Mostly isolates from heart and mandibular Lnn. were positive for S. suis. Virulence-associated factors were 

found in isolates from all tissues. Most positive samples stem from heart and mandibular lymph nodes (Table 3).
Table 3: S. suis PCR-positive isolates (gdh +) and results of testing for virulence associated factors per sample location and animal (n 
= 114)

sample location isolates 
in total

gdh-
positive

epf 
positive

arcA 
positive

mrp 
positive

sly 
positive

arcA + 
mrp

arcA + 
sly

arc A + mrp 
+ sly

Heart 37 32 0 31 2 1 2 1 1

Kidney 34 18 0 16 0 0 0 0 0

Skin 37 12 0 11 0 0 0 0 0

Lnn. 
mandibulares

39 25 0 23 2 1
2 1 1

Tonsils 30 6 0 6 1 0 1 0 0

Lnn. thoracici 
aortici

23 9 0 9 1 1
1 1 1

Muscles from 
diaphragm

31 12 0 12 0 2
0 2 0

Total 231 114 0 108 6 5 6 5 3

Number of 
animals

38 37 0 37 6 5
6 5 3

Overall, the following combinations of virulence-associated factors could be found in comparison of PCR 
and conventional microbiology (Table 4). Out of these 11 isolates, only two isolates could be identified as S. 
suis by the test set. But all eleven isolates were S. suis-positive by PCR.

Table 4: Conventional microbiology vs. PCR for isolates with combination of virulence-associated factors

virulence-
associated factors

PCR-positive 
(n)

Conventional

Genus 
Streptococcus

S. suis non-S. suis

arcA + mrp 6 6 2 4

arcA + sly 5 5 0 5

arcA + mrp + sly 3 3 0 3

Discussion

One pig was negative for S. suis with both techniques applied. With PCR, more isolates were positive for 
S. suis as compared to conventional identification. Conventional microbiological testing (Table 4) could not 
detect all eleven isolates, which show combinations of virulence-associated in PCR. PCR could detect more 
isolates that are positive for S. suis. 

In other studies, tonsils were found as main reservoir of S. suis in pigs (Chanto, 2013; Padungtod et 
al., 2010; Lun et al., 2007). In the present study, heart and mandibular lymph node samples were more 
frequently positive than tonsils (Table 3). Here in all parts of a pig carcass S. suis was found. Positive isolates 
from different heart tissues (valves, septum, heart muscle) as examined in our study may indicate a recent 
bacteremia of the animal. So all parts of a pig can be a possible source of infection. Human cases have been 
reported from persons with direct contact to asymptomatic pigs or carcasses (Goyette-Desjardins et al., 2014; 
Lun et al., 2007) and nearly all pig farms worldwide can be tested positive for S. suis (Higgens and Gottschalk, 
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2006). So, a surveillance system of pig farms to identify asymptomatic pigs could help to improve food safety. 

Conclusion

Based on our isolates, and comparing PCR and conventional techniques, both were able to identify the 
Genus Streptococcus with the same accuracy. On Species level, the molecular biological tests yielded more 
members of the Species S. suis. All parts of a pig can be positive for S. suis and can represent a possible source 
of infection in humans. A surveillance system should be developed to identify asymptomatic carriers of S. suis.
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15. Seroprevalence of Salmonella sp. on sixteen small one-site pig farms in Slovenia
Plut, J.*(1); Golinar Oven, I.(1); Štukelj, M.(1)

Abstract

Salmonellosis is considered to be one of the most common food-borne illnesses in humans. Swine can 
be infected with a broad range of salmonella serotypes that can be source of infection of pork products. 
Salmonella reduction programs on pig farms can be achieved with serological monitoring. It is important to 
identify pig farms that carry a high percentage of infected animals, hence represent a bigger risk factor for 
introducing salmonella in the meat production chain. Proper measures should be introduced to reduce the 
salmonella contamination on infected farms.

Between years 2012 and 2014, 16 small one-site pig farms participated in a study of seroprevalence of 
different pathogens, including Salmonella sp. During the research, 166 sera samples were tested for presence 
of antibodies against salmonella with ELISA Swine Salmonella Antibody Test Kit (IDEXX). Samples with OD % 
equal or greater than 20 % (S/P = 0.5) were classified as positive (more stringent screening). 21 % of breeding 
animals and 5.8 % of fatteners were serologicaly positive.

Compared to previous studies, it is apparent that seroprevalence of salmonella on pig farms in Slovenia 
has not augmented (2006 OD 20 % was 21.3 %, 2007 OD 20 % was 24 % and 2008 OD 20 % was 24.8 %). 
Seroprevalence is still low in Slovenia. Aside from the level of primary production, it is important to continue 
monitoring in other stages of the food chain, such as food and animal feed.

Introduction

Salmonella infections of swine are of concern for two major reasons. The first is clinical disease in pigs 
(salmonellosis) and the second is that swine can be infected with a broad range of Salmonella serotypes 
that can potentially contaminate pork products and pose a threat to human health. Many of the more than 
2400 Salmonella serotypes have a broad host range, but several serotypes are quite adapted to a single host. 
Salmonella Choleraesuis is a type of species for the genus Salmonella which is adapted to swine (Carlson et 
al., 2012).

Salmonellosis is considered to be one of the most common food-borne illnesses in humans and represents 
a worldwide health problem. Among the top 20 Salmonella serotypes isolated from diseased human, four 
are commonly isolated from swine (Doyle et al., 2009; Foley and Lynne, 2008; Foley et al., 2008; Štukelj et al., 
2009). Although much of the contamination of pork products occurs by fecal contamination during slaughter 
within abattoirs, infected pigs leaving the farm are considered the original source of abattoir contamination 
(Botteldoorn et al., 2003; Isaacson et al., 1999).

Due to the impact that Salmonella has on public health and health-status of pig heards, it is important 
to identify pig farms that carry a high percentage of infected animals, hence represent a bigger risk factor 
for introducing Salmonella in the meat production chain. Proper measures should be introduced to reduce 
Salmonella contamination on infected farms (Štukelj et al., 2009). Salmonella reduction programs are 
becoming commonplace, with long-range goals to include the production and marketing of salmonellae-free 
pork products. Numerous dynamic programs are in place utilizing hazard analysis and critical control point 
principles (Carlson et al., 2012). These programs that have been in place for a sufficient period of time, such 
as the Danish program, have sufficiently reduced the rate of Salmonella infection in pork products (Nielsen 
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et al., 1995). The aim of this study was to evaluate the seroprevalence of Salmonella on 16 small one-site pig 
farms in Slovenia. The results of this study have confirmed that seroprevalence remained low.

Material and Methods

Sampling

Serum samples were taken from 16 different small one-site farrow-to-finish pig farms. Between years 
2012 and 2014, a total of 166 samples (85 breeding animals and 81 fatteners) were tested for antibodies 
against Salmonella sp.

Testing

Samples were tested with ELISA Swine Salmonella Antibody Test Kit (IDEXX). The results were calculated in 
OD % referring to a set of standard sera, defined according to the Danish Mix-ELISA system. Samples with “OD 
%” equal or greater than 20 % (S/P = 0.5) were classified as positive (more stringent screening).

Results

Serum samples were divided into two groups: breeding animals and fattening animals. After testing of 
serum samples, percentage of Salmonella seropositive was calculated. The prevalence of serum samples 
with Salmonella antibodies in breeding animals was 21 % and 5.8 % in fatteners making the average of 13.25 
% positive animals altogether (Table 1). 50 % of the farms had no seropositive animals. No specific control 
measures were implemented to prevent the introduction of Salmonella on a farm.

Table 1 - Presence of antibodies against Salmonella on 16 small farms.

Discussion

Since year 2004, seroprevalence of Salmonella in swine in Slovenia has been evaluated several times. In 
2004, Štukelj and Valenčak confirmed that the number of Salmonella-positive breeding animals and fatteners 
is higher on large farms than on small farms. They reported of 10 % seroprevalence of fatteners and 30 % 
seroprevalence of breeding sows from small farms. On the other hand seroprevalence was 30 % for fatteners 
and 68 % for breeding sows from large farm. In 2009, Štukelj et al. reported about prevalence of Salmonella 
in fatteners on large pig farm. Over the course of 3 years, 2006 OD 20 % was 21.3 %, 2007 OD 20 % was 24 
% and 2008 OD 20 % was 24.8 %. In a survey completed in 2012 by Štukelj et al., 25.28 % of pig holdings and 
20.68 % of fattening pigs were declared salmonella-positive (OD 20 %). Compared to previous studies it is 
apparent that seroprevalence of Salmonella on pig farms in Slovenia has not augmented. Conversely, values 
of 21 % seropositive breeding animals and 5 % seropositive fatteners (average 13.25 %) from small pig farms 
suggest slightly decreasing trend of salmonella-positive pigs. The low percentage of Salmonella positive pigs 
in this study certifies the statement of Štukelj and Valenčak from year 2004, that Salmonella prevalence is 
low on small pig farms. Merle et al. (2011) also suggested that Salmonella seroprevalence decreases over a 
period of time, especially if sound management practices are implemented. With use of good management 
practices, not only pre-harvest Salmonella reduction is achieved, the overall health of swine operation is also 
improved (Carlson et al., 2012).

For evaluation results of salmonella-positive pig herds, different schemes are used to categorize the herds 
in several groups, under various circumstances of sampling. Danish Salmonella scheme categorized pig farms 
in four levels, from 0 to 3. Once a month all herds were assigned to official Salmonella level (0, 1, 2 or 3) 
according to the results from the preceding 3 months. Level 0 herds were considered salmonella-free. Level 
1 included herds with low acceptable prevalence of Salmonella, level 2 included herds with a moderate still 
acceptable prevalence, and level 3 included herds with a high unacceptable prevalence (Alban et al., 2002). 
German Salmonella surveillance and control program in slaughter pigs classified herds in 3 categories: I (0–20 
%), II (20–40 %) and III (> 40 %) by their percentage of yearly positive samples (Merle et al., 2011). Although 
some inconsistency regarding sample sizes and frequency of evaluating the results, the average value of 13.25 
% of seropositive animals from whole test pool could be placed into level 1 according to Danish scheme and 
category I according to German scheme respectively. Although Slovenia does not have a national control 
program for Salmonella, some studies of seroprevalence on pig farms have been carried out in the past. 
Results suggested that the seroprevalence was low (Štukelj and Valenčak, 2004; Štukelj et al., 2009; Štukelj 
et al. 2012). The results presented in this study confirm that seroprevalence of Salmonella is still low in 
Slovenia. With implementation of a national control program similar to ones in Denmark or Germany, it 
would be possible to eradicate Salmonella from pig operations in Slovenia. After 2004 a significant decrease 
in pig meat production in Slovenia was noticed; also the number of animals and number of large farms has 
been decreasing for several years (Statistical office of the Republic of Slovenia, data from 1.1.2010). Most 
pig farms in Slovenia are small-sized and one-site production farms. There are currently 3909 farms with 1 
to 20 breeding pigs, 206 farms with 21 to 50 breeding pigs, 31 farms with 51 to 100 breeding pigs, 12 farms 
with 101 to 200 breeding pigs, 2 farms with 501 to 1000 breeding pigs and only 2 farms with more than 
1000 breeding pigs (base VOLOS, Ministry for agriculture, forestry and food, UVHVVR, data from 1.2.2013). 
Progress in monitoring and controlling various diseases, not only salmonellosis would be an efficient tool for 
reversing a current decreasing trend in Slovenian pig meat production.
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Conclusion

The seroprevalence of Salmonella on small pig farms in Slovenia is low. The implementation of a national 
control program could be a long term solution for eradication of disease. 
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16. Toxoplasma gondii: serological study in pigs slaughtered in Portugal
Caiado, A.1, Müller, A.1,2, Gomes-Neves, E.1,2*

Abstract

Toxoplasma gondii has a worldwide distribution and usually is not detected macroscopically by traditional 
meat inspection methods. The aim of this study was to assess the seroprevalence of Toxoplasma gondii in 
slaughter swine using a modified direct agglutination method (MAT) (Toxo-Screen DA, Biomérieux® SA). No 
positive results were obtained in sera from 337 animals from 12 intensive production farms tested in duplicate 
at the dilutions of 1:20 and 1:40. The estimated seroprevalence was 0%. The 95% confidence intervals ranged 
from 0 to 21.8% within batches, and 0 to 1.1% of all animals. In 10 of the 12 farms, Toxoplasma seroprevalence 
was below 7% (>99% confidence level). In the remaining two farms, the sampling fraction was too small to 
distinguish a population with prevalence of 7% from a disease-free population. Our findings suggest that 
Toxoplasma seroprevalence in intensive pig farms is likely to be below 7%. However, selection of farms was 
not random, so further studies are required to allow making inferences for all intensive pig farms in the centre 
and north of Portugal.

Introduction

Toxoplasma gondii has a worldwide distribution and usually is not detected macroscopically by traditional 
meat inspection methods. Like other countries, Portugal does not have measures to control this parasite at 
various stages of the food chain neither the prevalence in swine is clearly known. Detection of Toxoplasma in 
meat samples intended for human consumption is crucial for the knowledge of the risk level to this source of 
infection for humans (Gamble, 1997; EFSA, 2011a, b). The aim of this study was to assess the seroprevalence 
of Toxoplasma gondii in slaughter pigs coming from intensive pig farms.

Material and Methods

In May of 2014 and in January of 2015 blood samples were collected from 330 finishing pigs and 7 
breeding sows from 12 intensive production farms in 3 different slaughterhouses, located in the north and 
center regions of Portugal. Blood samples were centrifuged at 3000 rpm during 20 minutes and serum was 
recovered and stored at -20ºC until testing. All animals presented for slaughter were approved in the ante 
mortem exam and did not have clinical signs compatible with toxoplasmosis.

The serological testing was carried out in the Laboratory of Molecular Pathology of the Biomedical Institute 
Abel Salazar of the University of Porto. All sera were tested in duplicate using a modified direct agglutination 
method (MAT) (Toxo-Screen DA, Biomérieux® SA) at the dilution of 1:20 and 1:40. Sera were considered 
positive if agglutination was observed according to the instructions of the kit. 

The 95% confidence interval (95% CI) of the proportion of positive sera was estimated according to the 
Clopper-Pearson procedure using SPSS v20.0. The population freedom from disease using imperfect tests and 
allowing for small populations was analysed with the EpiTools calculator “FreeCalc” (http://epitools.ausvet.
com.au/). The input values for population size were the number of submitted pigs from a particular farm. The 
sensitivity and specificity of MAT at a serum dilution of 1:20 were considered 83.4% and 90.2%, respectively. 
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A design prevalence of 7% was used based on a recent serosurvey of intensive and extensive pigs at slaughter 
in Portugal (Esteves et al., 2014). 

Results

All 337 samples tested negative (table). The estimated seroprevalence was 0% and the 95% confidence 
intervals (Clopper-Pearson) of the different batches ranged between 0 and 21.8% and for all farms together 
between 0 and 1.1%. These negative results were analysed incorporating sensitivity and specificity of the 
MAT test (83.4% and 90.2%, respectively) to demonstrate population freedom from disease. In 10 of the 12 
farms, we are very confident (>99% confidence level) that Toxoplasma seroprevalence is below 7%. In the 
remaining two farms, the sampling fraction was too small to distinguish a population with prevalence of 7% 
from a disease-free population.

Table:  Seroprevalence of T. gondii by abattoir and farm

Farm Abattoir Sample size
(n)

Batches of pigs 
submitted (n) 
(“population”)

Seroprevalence
(Clopper-Pearson 95% 
confidence interval)

Confidence level for 
population freedom 
at a seroprevalence 
of 7%

A 1 15 130 0 (0-0.218) Unlikely *)

B 1 29 155 0 (0-0.119) 99.23 %

C 2 30 101 0 (0-0.116) 99.38 %

D 2 35 119 0 (0-0.100) 99.72 %

E 2 30 103 0 (0-0.116) 99.36 %

F 2 18 76 0 (0-0.185) Unlikely *)

G 3 30 48 0 (0-0.116)  99.49 %
H 3 30 90 0 (0-0.116) 99.36 %

I 3 30 40 0 (0-0.116) 99.75 % 
J 3 30 90 0 (0-0.116) 99.36 %

K 3 30 120 0 (0-0.116) 99.3 %

L 3 30 110 0 (0-0.116) 99.43 %

TOTAL 337 1182 0 (0-0.011) 100%

*) The sample size was too small to distinguish a population with prevalence of 7% from a disease-free population.

Discussion

We observed 100% negative results for toxoplasma antibodies using the MAT in 337 pig sera at slaughter. 
Our results differed from recent studies carried on in Portugal which found seroprevalence ranging between 
5.2% and 15.6% (Esteves et al., 2014; Lopes et al., 2013; Sousa et al., 2006; Valadas et al., 2006).

This difference may be explained by the fact that we analysed samples only from intensive pig production 
whereas others included free range pigs.

The negative serological results presented here were obtained using an “imperfect test”. Sensitivity and 
specificity (83.4% and 90.2%, respectively) were taken into account in the freedom of disease testing. We 
estimated that 10 of the 12 farms were “free” of toxoplasmosis at an expected prevalence of 7% with > 
99% confidence. The question arises if 7% or which other level of seroprevalence of slaughter pigs would be 
acceptable for public health protection in Portugal.

Previous studies used the MAT in pig sera at 1:20 or 1:40 dilution, hampering the direct comparison of 
results (Coelho et al., 2014; Garcia et al., 2006, Sousa et al., 2006). Here we obtained 100% agreement of 

the results with both serum dilutions, but are aware that sample size is insufficient to allow generalizations 
regarding the “ideal” serum dilution to be used. An international harmonization of diagnostic test methodology 
for risk assessment of toxoplasma in pig sera would be desirable for the implementation of surveillance and 
monitoring programs in live animals as part of the FCI reaching the abattoir and thus enabling the correct 
implementation of risk-based meat inspection.

Conclusions

We found no serological evidence of Toxoplasma gondii in 337 slaughter pigs coming from 12 intensive 
pig farms. We obtained negative test results at both serum dilutions, 1:20 and 1:40. Our findings suggest that 
Toxoplasma seroprevalence in intensive pig farms is likely to be below 7%. However, selection of farms was 
not random, so further studies are required to allow making inferences for intensive pig farms in Portugal.
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17. Detection of hepatitis e virus (HEV) antibiodies in swine herds in Québec, 
Canada
Letellier, A.1; Quessy, S.1; Surprenant, C.2; Buholzer, P.3

Hepatitis E virus (HEV) has a zoonotic potential and pork products have been identified as possible human 
infection sources. Swine HEV infection in pigs have now been reported in pigs in many countries and generally 
occurs at about 2-3 months of age. Data from USA indicated that about 80-100% of pigs in commercial farms 
are infected. The objective of this study was to estimate prevalence of HEV in selected Canadian herds by 
serology using the PrioCHECK HEV Ab porcine-ELISA kit. Farms were selected from an integrated swine 
company in Québec province and came from 3 different production pyramids associated to distinct sanitary 
status in order to assess the level of HEV antibodies. Pig blood samples from these 3 farms were collected 
at slaughterhouse. A total of 250 samples were collected from each farm. A total of 10 sera were used for 
the validation steps and 240 samples were tested to establish the status of each farm. Blood samples were 
collected and centrifuged to collect sera. Sera samples were frozen (-20°C) in aliquots until use. Samples were 
analysed were analyzed following the instructions in the ELISA kit package insert. Results demonstrated a 
very good reproducibility intra-plate, inter-plate and between days of analysis. It was also shown that the test 
had a good discriminant power between farms with distinct sanitary status. Results showed 3 HEV antibodies 
contamination levels: one farm with a high level (farm B- 98,8%), one with a medium level (farm A- 48,8%) 
and a negative one (farm C-0%). Further investigations are needed to identify which step in the production is 
associated to HEV contamination and to propose intervention measures at farm level to reduce the incidence 
of HEV in highly contaminated farms.

1Université de Montréal;
2F. Ménard Inc; 
3Thermo Fisher Scientific
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18. The usability of the food chain information for visual meat inspection of pigs
Felin, E.*1, Jukola, E. 2, Raulo, S. 3, Fredriksson-Ahomaa, M.1

Introduction

For efficient meat inspection, it is important beforehand to identify those batches presenting a high 
potential risk for meat condemnation. The food chain information (FCI) provided by the pig producer, covers 
important information on the health status of the animals to be slaughtered, and therefore is essential for 
risk-based meat inspection.     

Materials and Methods

Eighty-five slaughter batches including 8954 fattening pigs were randomly selected at a slaughterhouse 
receiving animals from across Finland. For each slaughter batch, the mortality rate, the FCI and the meat 
inspection results were obtained. Linear regression was used in order to reveal predictive factors that may 
indicate high condemnation rates in forthcoming slaughter batches.

Results

For a selected batch, the partial condemnation rate for all the pigs sent for slaughter from the same 
holding the previous year revealed as the best predictor for the partial condemnation rate at meat inspection 
of the batch (regression coefficient 0.9). The same analogy was found for the organ condemnation rate, for 
abscesses, bitten tails, pleuritis, liver condemnations and findings related to Mycobacterium avium –complex.  

According to the producers’ declarations by the FCI forms, the batches were divided into two groups: 
batches with nothing to declare on (n=22) and batches with something to declare on (n=63). Unlike expected, 
there were no clear differences between these two groups, and for example: the group of batches with 
“nothing to declare” did not have significantly less condemnations at meat inspection.

Conclusions

Analyzing only the FCI regarding the slaughter batches intended to visual meat inspection is not sufficient 
to predict whether the batch will present a high condemnation risk or not. Instead, the most important 
predicting factor for high condemnation risk could be derived from the historical information on meat 
inspection of the pigs sent for slaughter from the same holding the previous year.

* P.O. Box 66, 00014 University of Helsinki, Finland 
corresponding author: elina.felin@helsinki.fi; fax: +358 13 2674474 
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19. Zinc content in liver and kidney of piglets slaughtered in Portugal
Assis, G.*(1); Cruz, C.(1)

Abstract

The aim of this work was the evaluation of zinc content in piglet’s liver and kidney, which was performed after 
detection of high concentration of this element in several pig’s feeding stuff in the analysis carried out under 
the official control, in Portugal. Determinations were executed by flame atomic absorption spectrophotometry 
(FAAS) after mineralization. Analytical quality control was carried out using control standards. A total of 46 
piglets’ offals samples (23 livers and 23 kidneys) from the Aveiro’s district slaughterhouses were analyzed. As 
expected zinc was detected in all samples analyzed and concentrations were higher in liver than in kidney. 
The highest values found were 720.73 mg/kg in liver and 472.86 mg/kg in kidney (values considerably higher 
than usually reported in investigations carried out by different authors).

Introduction

Zinc is one of the essential elements in diet required by all animals and plays an important role in several 
body’s processes and biochemical functions, both as structural component of proteins and as enzyme 
cofactors. Zinc is present in many enzyme systems that are concerned with the metabolism of feed constituents. 
Different sources of zinc are used as supplementation of the diet in order to cover the physiological animal 
requirements. However, excess zinc is toxic and its ingestion in high quantities can be harmful for both animal 
and human health, after consumption. Too much zinc will interact competitively with the metabolism of 
other minerals in the body, particularly iron, calcium and copper. Zinc chelates are used as growth promoters 
and diarrhea preventive in weaning pigs (1). Gary L. Cromwell experiments showed that pigs fed the high 
zinc diet consumed more feed, gained at a faster rate and were more efficient in converting feed to gain 
than the controls. Zinc requirements in dietary are different according to class of animal. Levels of range are 
based on age, sex, stage of production and other ration components. A level of 2000 mg/kg Zn produces 
depression, arthritis, intramuscular haemorrhage, gastritis and enteritis (Straw et al., 2006). Pigs fed 268 mg/
kg Zn (Straw et al., 2006), developed arthritis, bone and cartilage deformities and internal haemorrhages. 
However, one important aspect is the form and bioavailability of zinc source, because it influences the toxic 
doses of zinc intake. It was demonstrated that different zinc salts will lead a different response to the animal 
health. Feeding 3000 mg/kg Zn as zinc oxide for 14 days has shown increased weight gains and postweaning 
scours without adverse signs.

In this study, determinations of zinc were performed in pig’s liver and kidney samples. The samples were 
collected in the central region of the country, where the tradition of eating piglet and its offals is stronger. 
Metals tend to accumulate in animal’s livers and kidneys, which are the most commonly eaten offals. This 
kind of food normally contains higher concentrations of this metal than other meat products. Taking that 
into account, this study pretends to determine whether the zinc concentrations in these offals present a 
risk for human health when consumed. In order to evaluate possible relationship with other elements, 
determinations of copper, iron and manganese were also performed.
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Material and Methods

A total of 46 piglets’ offals samples (23 livers and 23 kidneys), from the Aveiro’s district slaughterhouses, 
were analyzed. Determinations were executed by flame atomic absorption

Instituto Nacional de Investigação Agrária e Veterinária, I.P. - UEISTSA

 

spectrophotometry (FAAS) after mineralization, according to an internal procedure based on EN ISO 6869 
and EN 14082. The samples were dried ashed at 450 oC under a gradual increase in temperature. The ash was 
dissolved in hydrochloric acid and diluted to the desired volume, then aspirated into the air-acetylene flame 
of the atomic absorption spectrometer. The metal contents of the samples were derived from the calibration 
curve, which was made up of 5 standards and prepared by diluting a standard solution with hydrochloric acid. 
Different standards were used to assure analytical quality control.

Results

Results obtained in liver and kidney samples of zinc, copper, manganese and iron, for each animal, are 
presented in table 1.

Table 1: Concentration of zinc, copper, manganese and iron in piglet’s liver and kidney (mg/kg).

Figure 1 shows the relationship between zinc values in liver and kidney of each animal. Statistic description 
is shown in table 2.

Figure 1. Zinc determinations in piglets’ liver and kidney.

Table 2 : Statistic description (Zn). no Samples

Determinations of copper, iron and manganese were also performed in order to evaluate its relationship 
and eventual interaction with zinc high values. Correlations among them were presented in tables 3 and 4.

      

As expected, zinc was present in all samples analyzed. However some samples showed concentration 
values above the usually described for these matrices by other authors. According to K. L. Gabrielson et al. 
(1996), a control group of piglets revealed zinc levels of 40-90 mg/kg in liver. Considering the maximum value 
(90 mg/kg) as reference, in our study we found 43% above this level. For kidney, zinc values described in 
literature usually ranged around 30 mg/kg. Taking that value as reference, there are 17% of cases above this 
value. It is worth referring that the highest value found for liver (720.73 mg/kg) and the highest value found 
for kidney (472.86 mg/kg) are from the same animal.
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Concerning liver, the mean value obtained (161.3 mg/kg) is much higher than median value (73.2 mg/
kg). The last one is closer to the median of results for liver in 6 months pigs observed by M. Lopez-Alonso 
et al. (2007) which was 78.5 mg/kg. Kidney’s mean value (47.6 mg/kg) was also much greater than median 
value (19.1 mg/kg) and greater than the one of M. Lopez-Alonso et al. obtained (28.9 mg/kg). However, 
comparisons of data from different studies must be done carefully because we must take into account that 
zinc and other metals concentration in issues depend on some factors such as age, sex and nutritional habits 
(data not available in our study). The big difference between these

two statistical measures (mean and median) leads to conclusion that there is a great dispersion of the results 
(leading to a great standard deviation); although the majority of values are close to the generally described 
in literature for this matrices there are some of them excessively raised, comparing to the concentrations 
considered adequate for piglets

Zinc concentrations in the samples analyzed in this study were given in fresh weight. For liver, concentrations 
ranged from 30.3 mg/kg to 720.7 mg/kg and for kidney it ranged from 16.2 mg/kg to 472.9 mg/kg. All 
concentrations were significantly higher in liver than in kidney.

In what concerns zinc, the coefficient correlation found between liver and kidney was quite high (almost 
0.8). Between liver and kidney, manganese presents a moderate correlation (almost 0.6) and there were weak 
correlations concerning copper and iron (table 3). There were no significant correlations among all elements 
studied except between zinc and iron that presents a moderate correlation of 0.54 (table 4).

Conclusion

Zinc concentrations obtained were higher in liver than in kidney and there was a good correlation between 
them. Although we found several zinc values considerably higher than usually reported in investigations 
carried out by different authors, there were no significant correlations among all elements studied except a 
moderate correlation between zinc and iron. The values found for other elements than zinc seem similar to 
those usually reported.

In conclusion, the results obtained demonstrate the exposure of piglets (and indirectly of humans) 
to excess concentrations of zinc. They suggest that it is really important to continue the offal ́s control of 
piglets slaughtered as well as the feeding stuffs. In some regions of the country this kind of food is specially 
appreciated and the concentration values obtained shows that it could be dangerous for human health. In 
2014 EFSA launched a call (3) to collect data on the official feed control on zinc monitoring. A critical review 
of the zinc concentration of feed materials and the calculated background zin concentration of complete feed 
supports the possibility of a considerable reduction of the currently authorised maximum concentration for 
total zinc in feed.
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20. Economic impact of hepatic rejections caused by Ascaris suum in swine during 
post mortem inspection at slaughterhouse
Mateus, T.L.1,2,3,4*, Cruzeiro, A.L.F.1, Rocha, H.1,4, Vieira-Pinto, M.M.4,5

 

Abstract

Ascaris suum is a zoonotic parasite. The worldwide importance of Ascaris suum in swine production is 
known, not only because of its impact on swine health but also on slaughterhouse condemnations. To the 
knowledge of the authors, there are no studies in Portugal about Ascaris suum impact at slaughterhouse 
level. For that reason, the aim of this study was to estimate the economic impact of hepatic rejections during 
post mortem inspection caused by this parasite. For this purpose, the slaughter of swine (piglets and finishing 
pigs) from 32 farms (centre/south of Portugal) was attended. The average weight of the livers was estimated 
through the average of the livers’ weights from five random farms: 0.3548 kg (piglets) and 1.218 kg (finishing 
pigs). Taking into consideration that the price per kg of liver was 2.23 euros (piglets) and 2.02 euros (finishing 
pigs), price per liver was estimated: 0.79 euros (piglets) and 2.46 euros (finishing pigs). During the slaughter 
of 14812 piglets and 6094 finishing pigs were rejected, respectively, 5507 and 1951 livers, 44.1% and 60.3% 
of these, by parasitic hepatitis caused by migrations of Ascaris suum larvae. From the 32 farms, only pigs 
from three didn´t present lesions, ranging the percentage of rejections/farms between 1.0% and 100.0%. 
Regarding the economic impact related exclusively to hepatic rejections by Ascaris suum, the total billing has 
been estimated in 7.362,15 euros in piglets (with a loss of 20.7%, 1.921,04 euros), and 10.193,27 euros in 
finishing pigs (with a loss of 28.4%, 2.898,30 euros). This parasite has multisystemic consequences that were 
not evaluated in this study, so the economic impact should be higher and not neglected. The results found in 
this study underline the economic impact of Ascaris suum at slaughterhouse level and points to the utility of 
data collection at slaughterhouse and meat inspection on disease management.

Introduction

Helminthic infections are frequent in domestic swine worldwide (Roepstorff et al., 2011), as well as its 
negative influence on health status and body weight gain of the animals (Knecht et al., 2012). These infections 
can cause fertility problems, as well as failures in vaccine protection against other infectious agents, and 
deterioration in the meat quality (Urquhart et al., 1996). Some parasites of swine, such as Ascaris suum, are 
zoonotic, thus constituting the infection not only a hazard to animals but also to humans (Zajac and Conboy, 
2012). The worldwide importance of Ascaris suum in swine production is known, not only because of its 
impact on swine health but also on slaughterhouse condemnations, especially of livers and lungs (Foreyt, 
2001). Pulmonary infection with Ascaris may also predispose to opportunistic infections namely by bacteria 
(Zajac and Conboy, 2012).

To the knowledge of the authors, there are no studies in Portugal about Ascaris suum impact at 
slaughterhouse level. For that reason, the aim of this study was to estimate the economic impact of hepatic 
rejections during post mortem inspection caused by this parasite.
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Material and Methods

The slaughter of swine (piglets and finishing pigs) from 32 farms in the centre and south of Portugal was 
attended. The number of swine slaughtered as well as the causes of hepatic rejections were registered, with 
especial emphasis on parasitic hepatitis caused by migrations of Ascaris suum (Figure 1).

Figure 1 – Parasitic hepatitis compatible with migrations of Ascaris suum (Original)

The average weight of the livers was estimated through the average of the livers’ weights from five random 
farms: 0.3548 kg (piglets) and 1.218 kg (finishing pigs). Taking into consideration that the price per kg of liver 
was 2.23 euros (piglets) and 2.02 euros (finishing pigs), price per liver was estimated: 0.79 euros (piglets) and 
2.46 euros (finishing pigs). The economic impact of hepatic rejections caused by Ascaris suum in swine during 
post mortem inspection at slaughterhouse was then calculated.

Results

During the slaughter of 14812 piglets and 6094 finishing pigs were rejected, respectively, 5507 and 1951 
livers, and 2423 (44.1%) and 1178 (60.3%) of these by parasitic hepatitis caused by migrations of Ascaris suum 
larvae (Figures 2 and 3).

Figure 2 – Number of piglets slaughtered, total number of livers rejected and number of livers rejected by parasitic hepatitis caused 
by migrations of Ascaris suum larvae

Figure 3 – Number of finishing pigs slaughtered, total number of livers rejected and number of livers rejected by parasitic hepatitis 
caused by migrations of Ascaris suum larvae

From the 32 farms, only pigs from three didn´t present lesions, ranging the percentage of rejections/
farms between 1.0% and 100.0%. Regarding the economic impact related exclusively to hepatic rejections by 
Ascaris suum, the total billing has been estimated in 7.362,15 euros in piglets (with a loss of 20.7%, 1.921,04 
euros), and 10.193,27 euros in finishing pigs (with a loss of 28.4%, 2.898,30 euros).

Discussion

Ascaris suum has a truly global distribution, with infected pigs found in most production systems (Nejsum 
et al., 2012) and milk spots are healing lesions occurring when Ascaris suum larvae migrate through the 
liver (Sanchez-Vazquez et al., 2010). The aim of this study was to estimate the economic impact of hepatic 
rejections during post mortem inspection caused by Ascaris suum, and our results estimated that 27% of the 
total billing with swine livers was lost only with the rejections caused by this parasite. The economic impact is 
therefore not negligible. The results of our study also predict a poor effectiveness of deworming conducted, 
consistently with Knecht et al. (2011). Plus, those husbandry practices facilitating optimal levels of hygiene 
posed lower risk of milk spots in slaughtered pigs (Sanchez-Vazquez et al., 2010). As only three in 32 (9.4%) 
of the farms did not present lesions, it is suggested that in farms where access to pig manure is common, 
or pig manure is used as fertilizer, simple public health measures (as handwashing) should be encouraged 
(Nejsum et al., 2012). This parasite has multisystemic consequences that were not evaluated in this study, so 
the economic impact should be higher. Indeed, previous studies reported that parasitic infections may affect 
the meatiness causing meat quality decrease or lowering meat content in carcass (Knecht et al., 2011). In a 
study performed in Poland, finishing pigs with subclinical infections with Ascaris suum, their daily body mass 
gains were on average 80 g lower (Knecht et al., 2012). 

The results found in this study underline the economic impact of Ascaris suum at slaughterhouse level and 
points to the utility of data collection at slaughterhouse and meat inspection on disease management and in 
a public health point of view. 

Conclusion

The economic impact of Ascaris suum at slaughterhouse level is not negligible. Swine farmers should be 
aware of the need of deworming and the economic advantages of it.
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21. Relationship between pig carcass tail lesions and lung lesions
Van Staaveren N.*,(1); Vale, A.(2); Manzanilla, E.G.(1); Hanlon, A.(2) and Boyle, L.A.(1)

Abstract

Tail biting is common on farms that are more prone to disease. Tail lesions can be associated with poor 
health either directly by providing a route of entry for pathogens or indirectly as conditions which trigger tail 
biting may also affect pig health. The aim of this study was to investigate the relationship between carcass tail 
lesion and lung lesion severity scores in Irish slaughter pigs. Factory visits occurred over 5 days (Jan – March 
2015) and tail lesion score (0 – 4) according to severity, sex, and kill number was recorded for every pig after 
scalding and dehairing. The lungs from each carcass were scored for lesions using an adapted version of the 
BPEX pig health scheme. Presence of pleuropneumonia (APP), abscesses and pyaemia was recorded. The 
severity of enzootic pneumonia (EP-like lesions) was recorded on a scale of 0 – 50 and grouped into none/
mild (score 0 – 10), moderate (score 11 – 20) and severe (score 21 – 50). Severity of pleurisy was scored on 
a 0 – 2 scale with a separate variable for lungs that were attached to the chest wall (score 2). These lungs 
could not be assessed for other lung lesions and therefore a separate database was created for assessing 
the pleurisy lesions (n = 5,628) while the final database contained animals (n = 4,491) with records for tail 
lesions, EP-like lesion scores and pleurisy (level 0 + 1). Associations between tail lesions and sex and the 
different lung lesion outcomes were analysed using generalized linear mixed models (PROC GLIMMIX) with 
random effect for batch. EP-like lesions and pleurisy were the most common lesions, though large variation 
existed between batches. Pigs with severe tail lesions tended to have more severe pleurisy where the lungs 
remained attached to the chest wall than pigs with moderate tail lesions. No other associations between 
tail lesion scores and lung lesions were found. Although tail lesions on the carcass may not be an accurate 
predictor of lung health, tail lesions are important welfare indicators and respiratory disease is among the 
most significant infectious conditions affecting pigs. Thus, recording of tail and lung lesions at meat inspection 
provides valuable information regarding the on-farm health welfare of pigs. 

Introduction

Surveillance tools assessing animal health and welfare are essential to assist the pig industry in monitoring 
and correcting problems associated with disease and poor welfare. Tail biting is an abnormal behaviour 
performed by pigs which reflects and causes poor welfare. Tail biting may also reflect poor health which could 
explain why it is more common on farms that are prone to disease (Moinard et al., 2003; van den Berg et al., 
2005). There are two possible explanations for this link. Respiratory diseases (e.g. pleurisy/pneumonia) and 
other diseases have risk factors in common with tail biting which could explain why tail biting is thought to be 
more common on farms that are prone to disease (Moinard et al., 2003). For example, a higher prevalence 
of gastric lesions was observed in pigs coming from farms that showed signs of tail biting (van den Berg et al., 
2005). Secondly, the damage resulting from tail biting provides a route of entry for pathogens which can then 
be haematogenously disseminated to different organs including the lungs leading to abscessation (Heinonen 
et al., 2010; Schrøder-Petersen and Simonsen, 2001). Elbers et al., (1992) found moderate correlations 
between inflammation of the tail and pneumonia, lung abscesses and severe pleurisy. Pigs with moderate tail 
lesions had higher odds of having abscesses or lung lesions (pleuritis and embolic pneumonia) and this risk 
increased with more severe tail lesions (Marques et al., 2012). In contrast, Kritas and Morrison (2007) found 
no association between enzootic pneumonia and tail lesions but did find a relationship between severity 
of tail lesions and the occurrence of abscesses and pleuritic lesions in the lungs. Although tail damage is 
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recorded during meat inspection, it is often only the presence of severe tail damage that is noted (EFSA, 
2007). A limited number of studies have examined the occurrence of tail lesions of differing severity but in 
many studies pathological lesions were scored as binary, i.e. presence or absence, or only recorded when the 
lesions was the cause of condemnation (Harley et al., 2014; Sanchez-Vazquez et al., 2011; Valros et al., 2004). 
The extent of the relationship between tail lesions and mild pathological lesions has not been established. 
To the authors’ knowledge, the only other study which examined the severity of both tail lesions and other 
pathological lesions was conducted by Munsterhjelm et al., (2013), when investigating characteristics of tail 
biters and victims. Victim pigs had higher tail lesion scores both on a macroscopic and histological level and 
a higher severity score for respiratory organ inflammation (Munsterhjelm et al., 2013). The aim of this study 
was to investigate the relationship between carcass tail lesion and lung lesion severity scores in Irish slaughter 
pigs. It was hypothesised that there would be a relationship between lung health scores and carcass tail lesion 
scores reflecting the association between pig health and welfare on farm. 

Material and Methods

The study was designed as an observational study conducted in an Irish pig factory with a line speed 
of 6 pigs per minute. Factory visits were conducted between January and March of 2015 assessing a total 
number of 6,244 pigs. After scalding and dehairing, one observer scored carcasses for tail lesions as per 
Kritas and Morrison (2007) according to severity (0: no evidence of tail biting; 1: healed/mild lesions; 2: 
evidence of chewing or puncture wounds, but no evidence of swelling; 3: evidence of chewing or puncture 
wounds with swelling and signs of possible infection; 4: evidence of chewing or puncture wounds with severe 
swelling/infection or open, gaping wound where tail used to be) and recorded the sex, kill number and farm 
identification. On the viscera line the lungs were removed from the carcass and numbered to correspond to 
the carcass. Lung lesions were scored using an adapted version of the BPHS (BPEX; Ellerbroek et al., 2012; 
Sanchez-Vazquez et al., 2011). Enzootic pneumonia-like lesions (EP-like lesions) were scored on a 0 – 50 scale 
according to the number of lung lobes and the percentage of each lobe affected (accessory lobe was excluded 
due to time constraints). Mild and severe pleurisy were recorded and a separate recording was made for 
severe pleurisy when the lungs were attached to the chest wall and therefore not removed from the carcass. 
Finally the presence of pleuropneumonia (APP), abscesses and pyaemia was recorded.

All statistical procedures were conducted using SAS V9.3 (SAS Inst. Inc., Cary, NC). Data from batches 
smaller than 30 pigs were omitted from analysis (Stark, 2000). Tail lesion scores were collapsed into none/
mild (score ≤1), moderate (score 2) and severe lesions (score ≥3).The prevalence of the different tail lesion 
and lung lesion outcomes was calculated using descriptive statistics for each batch. Due to the low prevalence 
of APP and pyaemia these were excluded from further analyses. EP-like lesions were grouped into categories 
none/mild (score 0 – 10), moderate (score 11 – 20), and severe (score 21 – 50) (adapted from BPEX, 2007) 
and binary scores were created for each category. Pleurisy scores were separated into binary scores for mild 
and severe pleurisy and lungs that remained attached to the chest wall. Lungs with severe pleurisy or those 
that remained in the carcass could not be assessed for the other lung lesions. Therefore, a separate database 
was created for assessing the pleurisy lesions while the final database contained animals with records for 
tail lesions, EP-like lesion scores and pleurisy (level 0 + 1). Associations between tail lesions and sex and the 
different lung lesion outcomes were analysed using generalized linear mixed models (PROC GLIMMIX) with 
random effect for batch within herd.

Results

A final study population of 4,491 pigs was obtained after removal of small batches and missing data. 
Moderate tail lesions were found in 7.5% of the pigs and 2.3% of the pigs had severe tail lesions. EP-like 
lesions (58.16%) and pleurisy (42.6%) were the most frequently occurring lung lesions but however there was 
large variation between batches. Tail lesion score was not associated with EP category, pleurisy or abscesses 
(Table 1). However, tail lesion score tended to be associated with lungs that remained in the carcass due to 
severe pleurisy (P = 0.1). Pigs with severe tail lesions tended to have the lungs attached to the chest wall more 
often than pigs with moderate tail lesions (OR = 4.1; 95% CI 1.10 – 15.3; P < 0.05).

Table 1. The percentage of pigs (n = 4,491) affected by lung lesions in each tail lesion category

Tail lesions

None/
mild

Moderate Severe P-value

EP-like lesions

None/mild EP 86.69 85.76 86.41 ns
Moderate EP 8.59 9.20 7.77 ns
Severe EP 4.71 5.04 5.83 ns
Pleurisy*

Mild pleurisy 22.73 20.63 16.30 ns
Severe pleurisy 20.27 18.20 23.70 ns
Lungs in chest 2.62 1.21 5.19 0.1
Abscess** 0.72 1.19 1.94 ns
APP*** 0.22 0 0 -
Pyaemia 0.02 0 0 -

* Dataset including all levels for pleurisy (i.e. 0 - 2) contained 5,628 pigs ** 4,483 pigs scored (missing n = 8) *** 4,487 pigs scored 
(missing n = 4)

Discussion

Both EP-like lesions and pleurisy were commonly observed during the study, however no association with 
tail lesion scores was found. Similarly, Kritas and Morrison (2007) found no significant association between 
severity of tail lesions and the percentage of lungs affected by EP-like lesions and suggested that this could 
be explained by the fact that Mycoplasma hyopneumoniae does not spread to the lungs haematogenously 
(Kritas and Morrison, 2007). Previous case-control studies found a higher odds of pleurisy in tail bitten pigs 
compared to unbitten pigs (Kritas and Morrison, 2007; Marques et al., 2012). We found a tendency for pigs 
with more severe tail lesions to have higher odds of being affected with severe pleurisy, where lungs were 
attached to the chest wall, compared to pigs with moderate tail lesions. The reasons for the absence of 
differences in pleurisy between pigs with none/mild tail lesions and those with severe tail lesions are unclear 
and require further investigation.

The main practical limitation of the study was the line speed (6 pigs/min), placing a time constraint on the 
assessment of lung lesions in each pig. Nielsen et al. (2015) found a moderate correlations between lung lesions 
recorded at routine meat inspection and lung lesions recorded at systematic health monitoring. Differences in 
observer sensitivity and the differing objectives of public health versus animal health monitoring may explain 
why the results of our study are different from those of Teixeira et al. (in preparation) who found significant 
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associations between tail lesion scores and lung condemnations due to pleurisy and (pleuro)pneumonia. Our 
results suggest that severity of tail biting is not necessarily a predicator of respiratory disease at slaugher, 
which may reflect the complex aetiology of tail biting behaviour and the multifactorial nature of respiratory 
disease.

Conclusion

This study is the first to report the prevalence of lung lesions in Irish slaugher pigs. The prevalence of 
enzootic pneumonia and pleurisy are high giving cause for concern. Data on tail an respiratory lesions suggest 
that measures to imrpove animal health, animal welfare and reduce economic losses are required on some 
farms. Our results suggest that poor welfare as measured by tail lesions is not necessarily associated with poor 
lung health in pigs, except in the case of severe pleurisy whereby the lungs stay attached to the chest wall. 
Although tail lesions on the carcass may not be an accurate predictor of lung health, tail lesions are important 
welfare indicators and respiratory disease is among the most significant infectious conditions affecting pigs. 
Thus, recording of tail and lung lesions at meat isnpection provides valuable information regarding the on-
farm health and welfare of pigs.
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22. New EU Regulations on pork labelling and their potential for improving a 
holistic food policy approach
Fossati P.*, (2), Castellani I.(1), De Faveri E.(1),  Ruffo G.C.(2),  Sala V.(1)

Abstract

The choice of food inevitably interferes on the nutritional and organic balance through the quality and 
the amount of certain nutrients. In addition, food contributes to the maintenance of cultural identities 
because food choices identify their fundamental aspects and has far-reaching implications on the availability 
of resources, with an inevitable impact on the fate of future generations. From this background comes 
the concept of “ethical food” that involves the understanding and awareness of food origin from a holistic 
point of view and therefore provides a useful tool to make responsible food choices. In the case of food of 
animal origin, this choice aims to ensure a farming animal welfare, the guarantee of human health and the 
environmental protection. In Europe, one of the tools to achieve this goal is the food labelling, whereby the 
information is clear, understandable and transparent, in accordance with specific Community rules.

The Regulation (EU) No 1169/2011 set out the principles, the requirements and the responsibilities, to 
provide an accurate and understandable information about food. On April 1 2015 the Commission Regulation 
(EU) No 1337/2013 entered into force, laying down additional rules for the labelling of pork, with the goal to 
increase transparency by providing precise information on the origin of swine products. It will be compulsory 
for food business operators who will indicate, on the label of the marketed meat, the place of animals’ rearing 
and slaughtering. In case of meat from animals born, raised and slaughtered in the same country, the place 
of birth will instead appear on a voluntary basis. A full and transparent information is the first step of the 
´´right to know´´ way, assumed as an awareness passage to consumers able to make free but responsible 
choices. This option is essential for a full guarantee food policy inside the protection of free trade and can be 
considered a transition from a single rules legislation (food legislation) to a regulation systematic approach 
(food law).

Introduction

Food choices unavoidably affect the diet because of the intake and balance of essential nutrients. Foods 
contribute to the cultural identities too. For the production of the meat-food economic and natural resources 
(water, animal feed, agricultural land) are required.

This economical correlations are evident in national and international food systems, but also in households 
and for individuals. Interference between the people purchasing power and the market are reciprocal, but 
also the market proposals and consumer demands are related.

Production and sale of pork meat have been affected worldwide by these factors, particularly in recent 
years. In Europe, the pig system suffered from the application of the new rules on animal welfare, which 
reduced the number of raised animals.

On the other hand, the respect of animal welfare is now a prerequisite of scientific and practical importance 
for healthy and productive animals. These statements are the basis of ethics in food-producing animals and 
contribute to the concept of ethical food. Talking about food ethics means identifying responsibilities and 
ensures an operational way. To this end, a valid food policy is required.
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In Europe, one of the tools used for this purpose is the food labeling, which must provide, even for the pork, 
clear, understandable and transparent information, according to specific Community rules. The information 
found on the label becomes an expression of the European community acquis, which guarantees all the 
stakeholders: workers, consumers and even food-producing animals.

Materials and Methods

The instruments of European food policy ensuring the transparency of the pork market, the regulations 
concerning the labelling and the rules of its application were analyzed, considering that the guarantees of 
food safety and animal welfare depend on this.

EU Regulation 1169/2011 set out the principles, requirements and responsibilities governing the 
information for a free movement of safe and wholesome food. In this paper we have evaluated its contents, 
especially analyzing the criteria used for the labeling of pork and related products and also considered the 
information recipients. 

EU regulation 1337/2013 established the implementation rules of EU regulation 1169/2011 and added 
other details for the labelling of pork meat. In particular, it increased the transparency by stating the country 
of origin or provenance place. It also stated the compulsory label indication of the place of rearing and 
slaughtering of pigs, according to defined criteria (see box). The place of birth may be reported on a voluntary 
basis if the meat is coming from animals born, raised and slaughtered in the same country.

The provisions for recognition of the meat and animal origin were also sought in the two regulations. 
Guarantees for animal welfare and any swine specific indication have also been considered. The influence of 
the information on the various stakeholders was finally assessed, also to ensure consistency with the concept 
of ethical food.

BOX

Article 5 indicates that place where the animal was raised should be reported (Member State or country 
outside the EU). For swine, the indications depend on the age: 

If the age is greater than 6 months, the country in which the last breeding period of the pig (at least 4 
months) was held must be indicated. 

If it is less than 6 months but with 80 kg live weight or more, the country in which the breeding after 30 kg 
of live weight was held must be specified.

If it is less than 6 months and with a live weight less than 80 kg the entire rearing period must be specified.

If the period of breeding has not been reached in any country “raised in several Member States” or “bred 
in various countries outside the EU” or “bred in various EU countries and non-EU” must be specified.

Results and Discussion

The indication of the country of origin is an information to which the consumer is more connected. The 
regulations have made it mandatory not only for beef meat but also for pork meat.

In Europe, an information tool is food labeling that provides clear, understandable and transparent 
evidences, in compliance with Community rules.

In EU Regulation 1169/2011 the “country of origin” of a food product is one in which it has been wholly 
obtained. For meat, it is the country where the animal was born, reared and slaughtered.

In case of two or more countries, it is the one where the products have undergone their last, more 
extensive elaboration. However, in this way consumers are not informed about the real origin of the meat.

The consumer wants precise information about the geographical area where the animal was reared 
(Report of the European Commission, 20 May 2015). However, if the breeding place was the same where it 
spent the most part of its life, the term “origin” should not be used.

The ability to understand where a food of animal origin was produced has ethical relevance, as well as 
knowledge of how the animal was raised and if animal welfare was considered. This information helps to 
build a network of transparent information throughout the supply chain, but special laws are necessary.

The two considered regulations do not contain complete information. Therefore, working for full and 
transparent information is essential. If an unambiguous indication of the livestock place was expected, 
consumers’ needs would be met and unnecessary complexity of the label would be avoided.

The improvement should be assured by a rule with suitable content, in a language understood by all and 
useful to all stakeholders. In this way, the labelling become informative and ethic.

Conclusions

Business performance of the pig system has suffered in recent years of market trends and consumer 
demand, and this has made difficult to apply a strategically effective food policy.

Regulation 1169/2011 defined the principles, requirements and responsibilities for consumers’ 
information about foods to and the executive regulation 1337/2013 established additional rules for the pork 
labeling. Precise indications about food origin must be provided and access to information must be more 
comprehensive and transparent. This is the first step in the “right to know” that allows consumers to make 
free and responsible choices.

If the choice is the final stage of a thoughtful and informed decision-making process, the consumer can 
also contribute to determine the food policy.

This allows the establishment of a legal system that is not based on the precepts (legislation), but organized 
on the critical awareness of operators and consumers, ensuring an ethical path of production to consumption 
(food law).

In this “information supply chain” the legislative function of the European Union has a key role. A labeling 
accessible to consumers can disseminate information on the health, organoleptic and also ethical aspects. The 
EU can thus have a function of formation of more professional food business operators and more conscious 
consumers.
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23. The Herd Health and Welfare Index as a benchmarking tool for antimicrobial 
resistance
Wadepohl, K.*1, Blaha, T.1, Meemken, D.2

Abstract

The occurrence of antimicrobial resistant microorganisms in livestock, especially ESBL-producing Escherichia 
coli (E.coli), is an increasing challenge (WHO, 2001). The aim of this project is to analyse the relationship 
between herd health and animal welfare on the one hand, evaluated by means of a self-developed Herd Health 
and Welfare Index (HHWI), and on the other the frequency of the antimicrobial resistant microorganisms. The 
developed HHWI described in this paper includes animal- oriented and management-based parameters that 
can be easily assessed at farm level, resulting in an easy-to-use benchmarking tool.

Within the FP7-EU research project EFFORT, the health and welfare quality of 180 pig herds in nine 
participating European countries are evaluated by using the parameters of the HHWI and the occurrence of 
ESBL-producing E. coli in the study herds by analysing faecal samples.

Introduction

Antimicrobial resistance has been recognized as an important global health risk to humans over the last 
few decades (WHO, 2001, Kolár et al., 2001). As one of the typical commensals in the gut flora, Escherichia 
coli represents a potential reservoir of resistance genes for pathogenic bacteria. Their level of resistance 
is considered to be a good indicator for selection pressure by antibiotic use and for resistance problems 
(Murray, 1992).

The occurrence of resistant E. coli in animals, usually do not result in clinical infections, which makes it 
difficult to detect them without sophisticated laboratory tests. Continuous screening for ESBL- producing 
bacteria in animal populations is a possible, but a time-consuming and therefore expensive solution. The 
possibility to indirectly assess the risk of the occurrence of antimicrobial resistance by evaluating the herd 
health and welfare status would save time and resources and support a quick and easy method to risk-
oriented in-depth testing for antimicrobial resistance.

The research project EFFORT (Ecology from Farm to Fork of microbial drug Resistance and Transmission) 
funded by the FP7 programme of the European Commission for Research and Innovation, was set up to 
achieve the goal to gain knowledge about the epidemiology and ecology of antimicrobial resistance in 
animals, the food chain and the environment.

The project consortium of 20 European research institutes will analyse the mechanisms of the emergence 
and spread of ESBL-producing E. coli strains, intending to monitor the transmission of antimicrobial resistance 
along the food chain.

The main objective of our contribution to EFFORT is to develop a method to benchmark the risk for the 
occurrence of ESBL-producing E. coli in fattening pig herds by assessing the herd health status and the animal 
welfare quality by using data on animal- and management-based parameters collected at farm level.
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Material and Methods

Different animal health and welfare scores have been developed in the past with regard to different 
target groups. Most of them have been developed for the purpose of scientific research and not for routine 
application. Due to the fact that the assessment of slaughter check findings are not

standardized within Europe at the moment, the recently developed Herd Health Score (Dickhaus  
et al., 2009) could not be used within this project in its original composition. Other scores like the one of the 
Welfare Quality Project® (FP6) or the one of the Bristol Welfare Assurance Programme (BWAP) are too time-
consuming to be implemented completely in the project.

The Herd Health and Welfare Index, which was developed for EFFORT, is based on a modified Herd Health 
Score combined with a selection of on-farm health parameters used in the Welfare Quality Project® (FP6).

The original Herd Health Score (HHS) by Dickhaus et al., (2009) is composed of semi-quantitative indirect 
herd health parameters including a) the mortality rate, b) the Animal Treatment Index (ATI), which calculates 
the average frequency of antibiotic treatments per fattening group, c) the duration of the fattening period, 
and d) the frequency of slaughter check findings.

The assessment of the Welfare Quality® protocol is divided in four dimensions: good feeding, good housing, 
good health and appropriate behaviour. Each dimension is evaluated in total using twelve parameters: a) 
absence of prolonged hunger b) absence of prolonged thirst c) comfort around resting d) thermal comfort e) 
ease of movement f) absence of injuries g) absence of disease h) absence of pain induced by management 
procedures i) expression of social behaviours k) expression of other behaviours l) good human- animal 
relationship m) positive emotional state. These parameters focus on animal-based instead of management-
based parameters. The scoring of the 12 animal-based indicators takes between 6-8 hours per herd, depending 
on the size of the herd.

Shortening the protocol of the Welfare Quality® project and substituting the slaughter check findings of 
the Herd Health Score at the same time, resulting in eight animal-oriented HHWI parameters, rated in three 
respectively two scores: a) Mortality, b) Antibiotic use measured by the ATI c) Lameness, d) Bursa alterations 
(e.g. bursitis), e) Runted pigs, f) Tail/Ear/Flank biting, g) Manure on body, and h) duration of fattening period.

Mortality rate: “low”, “medium” and “high” (classification according to the resulting variation after the 
data collection has been completed)

Animal Treatment Index (ATI): “low”, “medium” and “high” (classification according to the resulting 
variation after the data collection has been completed)

Lameness of the animals will be scored by observing, how many pigs are putting less (score 2) or no weight 
(score 3) on at least one leg and the percentage of pigs without any signs of lameness (score 1: no appreciable 
disease (n.a.d.)).

Bursa alterations (e.g. bursitis) can be observed as a swelling of the bursae, especially noticeable at the 
carpal and tarsal joint, taking into account the size and quantity of the swollen bursae. (score 1: without any 
alterations, score 2: several small swollen bursae, score 3: ≥1 large swollen bursae)

Runted pigs are smaller and lighter than their peers, have little or no fat cover on hips, ribs and backbones 
and most of the times have prolonged hair (score 2). (score 1: n.a.d.).

Tail, ear and flank biting: will be scored score 2. (score 1: n.a.d.)

Manure on body will be scored by estimating the percentage of animals within the groups, score 1: up

to 20%, score 2: 20-50% and score 3: more than 50% of their body covered with manure. Duration of the 

fattening: scored in three levels (classification according to the resulting variation after

the data collection has been completed)

These parameters will be linked to HHWI points to create a benchmarking tool, ranking the participating 
farms according to their number of index points. The number of index points will be correlated with the 
frequency of ESBL-producing E. coli, detected within the random faecal samples.

Sampling

The sampling of pig herds took place from October 2014 and will presumably be finished by October 2015, 
carried out over the period of one year to avoid seasonal influences. Overall 180 pig herds in nine European 
countries will be evaluated. The farm visits will be conducted by local scientific

 

researchers of the EFFORT project. Before the evaluation period started in autumn 2014, the person 
responsible for sampling were trained during a project seminar using written guidelines with descriptive 
pictures for harmonizing the animal welfare assessments throughout the EFFORT project. In Germany the 
pig fattening farms were randomly selected throughout the country, taking into account the project farm 
specifications, e.g. non-mixed farms (hobby animals excluded) with at least 150 sows and 600 fatteners, all-in 
all-out production at compartment level and no contact between the selected herds e.g. through trade.

In order to receive all necessary management information, the farmer was interviewed during the farm 
visit, followed by an overall assessment of the herd health status and welfare quality as well as on the daily 
working routine. During the farm visits 25 fresh faecal samples per herd from fattening pigs close to slaughter 
(7-10 days) were taken. The isolated E.coli strains will be tested by MIC test in order to calculate the frequency 
of ESBL-producing E.coli per herd.

Results

The assessment of the herd health status and animal welfare quality was already performed in 15 pig 
fattening herds in Germany by using the Herd Health and Welfare Index.

The results of the assessment in the 15 pig herds show a considerable variation in all parameters. As 
shown in Tab. 1 the ferquency of the parameter “Manure on body” shows the broadest range, while the 
narrowest range is shown by the parameter of “Runted pigs”. The average rate of runted pigs was calculated 
with 1%, ranging from 0 to 3% followed by the range of mortality, being also fairly narrow with a range 
between 0 and 5%. The values of the two other health parameters, “Animal Treatment Index” (ATI) and 
“Duration of fattening period”, range from 0 to 21 days and from 84 to 150 days, respectively. The frequency 
of animals with moderate lameness (score 2) ranges between 0 and 13%, and the severe lameness (score 3) 
ranges between 0 to 3%. The evaluation of bursa alterations shows a range for moderate bursitis (score 2) of 
0 to 29% and a range of 0 to 1% for severe bursitis (score 3). The frequency of animals with signs of tail, ear 
and flank biting ranges between 0 to 34%.
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Tab. 1: Frequency variations of the eight HHWI parameters in 15 German pig farms

Discussion and Conclusion

The preliminary results observed in the participating German pig herds show a wide frequency variation 
of the eight HHWI parameters, which proves their usability for assessing the herd health status and animal 
welfare quality as precondition to identify assumed associations between herd health/animal welfare with 
the frequency of the occurrence of ESBL-producing E. coli.

The analysis of the impact of the herd health status and welfare quality on antimicrobial resistance will be 
the next step of the EFFORT project.
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24. Is meat inspection suitable for the surveillance of animal health (AH) in the pig 
sector?
Correia-Gomes C. *(1), Smith, R.P.(2), Eze, J.I.(1), Gunn, G.J.(1), Williamson, S.(3), Tongue, S.C.(1)

Abstract

In England & Wales, ante and post-mortem (PM) data for lesions observed during meat inspection at the 
abattoir are recorded in the Food Standards Agency (FSA) Collection and Communication of Inspection Results 
(CCIR) system. FSA data are reported to livestock producers but are not used systematically to monitor trends 
of specific conditions, nor to detect changes in disease syndromes. An advantage of using FSA data for AH 
surveillance purposes is the high population coverage; a disadvantage is the lack of accuracy. The voluntary 
BPEX Pig Health Scheme, BPHS, provides more accurate reports from standardised abattoir assessments of 
12 PM lesions that reflect disease and welfare conditions of economic significance. FSA data were compared 
with BPHS data, for respiratory and tail bite lesions, from the same period (June 2008 - May 2012). There 
were approximately 900,000 BPHS pigs (from 2,543 premises) and 19 million pigs (31,578 premises) in CCIR. 
Generalised linear mixed models were used to examine the data to detect significant differences in trends 
and seasonality. Additionally, specific batches were compared in three abattoirs during four trials in 2013. 
Agreement between the two datasets, in the four trials, was evaluated using the correlation coefficient and 
the Kappa value, while significance was assessed using McNemar and paired t-test. National temporal trend 
analysis showed an increase in respiratory disease in both datasets but seasonality and prevalence differed. 
For tail bite lesions, the temporal trend and seasonal patterns were completely different. In the four trials, 
332 batches of pigs were compared. The correlation of respiratory disease was low between the datasets as 
was the identification of positive batches for conditions such as tail bite. These results lead to the conclusion 
that, although routine meat inspection data has potential for AH surveillance purposes, it needs significant 
improvement to replace the BPHS.

Introduction

Surveillance can be defined as the systematic (continuous or repeated) measurement, collection, collation, 
analysis, interpretation, and timely dissemination of animal-health and welfare data from defined populations 
(Hoinville et al, 2013). Through early detection and informed response, surveillance reduces the impact 
of livestock disease on animal production and welfare and on public health. For endemic disease control, 
surveillance systems are important as they allow prevalence to be monitored over time and interventions to 
take place when the prevalence of the concerned disease/conditions is higher than expected. When resources 
are limited, cost effective methods of surveillance are important. This paper compares two monitoring 
systems; the BPEX Pig Health Scheme (BPHS) and the FSA Collection and Communication of Inspection 
Results (CCIR). Since 2005, BPHS in England and Wales assesses the presence of 12 different macroscopic 
conditions detected in the pluck, offal and on the skin of slaughtered pigs. Many of these conditions have been 
associated with a reduction in performance and consequent increases in production costs. Ante mortem and 
post mortem meat inspection (MI) are performed on all slaughtered pigs by meat hygiene inspectors (MHI) 
and official veterinarians. Data about the conditions /lesions observed are recorded in the FSA system, which 
provides information to the farmer and the farmer’s veterinarian, allowing actions to be taken on farm to 
improve animal health and welfare that should result in improvements in food safety. The advantages of using 
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FSA data for surveillance purposes are obvious; wider coverage, using an existing data collection system, 
which collects data about many conditions that could be used to help identify potential emerging animal 
health threats. However, some of the weaknesses identified for the use of this system in surveillance are: the 
accuracy of official routine meat inspection (which was considered imperfect for animal health conditions), 
the unknown level of standardisation and the poor data quality (e.g. there may be a multiple occurrence of a 
single condition to a single animal, difficulty of identifying holding place for the animals) (Watson et al, 2011).

The aims of this study were to a) compare the prevalence patterns (temporal and seasonal) in the different 
data sources for two selected outcomes (respiratory conditions and tail bite) and b) examine in more detail 
the agreement between BPHS and FSA data at batch level. Our results have shown that the temporal trends 
for respiratory disease were similar between the systems but seasonal trends and prevalence differed. For 
tail bite lesions, the temporal trend and seasonal patterns were completely different. At batch level the 
correlation of respiratory disease was low between the datasets as was the identification of positive batches 
for conditions such as tail bite.

Material and Methods

Data sources:

In the period of study, traditional inspection was carried out as detailed under the legislation (Regulation 
(EC) 854/2004). The inspection outcomes are recorded as a statutory requirement and these records 
constitute the FSA post/ante-mortem CCIR data source (referred to here as the ‘FSA data’). For each batch 
of pigs slaughtered, information is recorded at the abattoir by MHI, either via a “touch screen”, or a paper 
system, depending on the system implemented in each abattoir. The information recorded includes: the type 
and number of conditions observed (present/absent), the number of pigs in the batch and the type of pigs, 
This information is then transferred to the plant records and is printable for each batch (identified by the 
individual slap mark). Data are collected from FSA records and transferred (double entry) by plant personnel 
to a Microsoft Office Excel Worksheet. BPHS data is used to monitor the incidence of endemic syndromic 
conditions. Each farm enrolled into the scheme has quarterly assessments where data are recorded at the 
slaughterhouse from inspections of 50 slaughtered pigs per batch (selecting alternate pigs for assessment). 
The detailed operation of BPHS has been described previously (Sanchez-Vazquez et al., 2011).

Time period of the study (national level and batch trials):

Data sets for a 48 month period from June 2008 to May 2012 were acquired. However, the FSA dataset only 
started at August 2009 as the new electronic format of data were only collected from then on. Respiratory 
cases were defined for the national analysis as all the lesions recorded that affect lungs (e.g. pneumonia, 
pleurisy). Three abattoirs took part in the field trials during 2013 for batch comparison. Four trials were carried 
out. Data were recorded at animal level by the BPHS assessors and at batch level by the MHI, in accordance 
with their normal practices. For the batch analysis pneumonia was analysed separately from pleurisy.

Statistical analysis:

Generalised linear mixed models (GLMM) were used to detect significant differences in temporal trends 
in each dataset. Farm of origin of the pigs was the random effect (national analysis). Agreement between 
the two datasets, in the four trials, was evaluated using the correlation coefficient (pneumonia and pleurisy) 

and the Kappa value (tail bite: batches were categorised as positive or negative, due to the low prevalence). 
Significance was assessed using McNemar and paired t-test (batch analysis). All analyses were performed 
with R version 2.12.1 from R Foundation for Statistical Computing. http://www.r_project.org.

Results

National analysis:

There were approximate 900,000 BPHS pigs (from 2,543 premises) and 19 million pigs (31,578 premises) 
in FSA during the study period.

Respiratory conditions

The BPHS data suggested a possible increasing yearly trend with the prevalence of cases rising from 32.2% 
in 2009 to 40.0% in 2012. The FSA data also suggested an increasing yearly trend (14.8% in 2009 to 16.8% in 
2012). In the GLMM, the BPHS model showed significant increased odds ratio (OR) of a pig having respiratory 
conditions over time (Figure 1a) and that the months July and March had the lowest OR (Figure 1b). The FSA 
model showed that the odds increased over time and that 2010 and 2012 were significantly higher than 2009 
(Figure 1a). The results for month showed that there were two peaks, with high OR in the spring months and 
in November/December (Figure 1b).

Figure1: Respiratory disease odds ratio (OR) for year trend (1a – left plot) and seasonal trend (1b – right plot, x-axes range from 1 
(January) to 12 (December)) for the two data sets.

Tail biting

The analysis of the BPHS data suggests a generally decreasing trend of tail biting prevalence from 0.44% 
in 2008 to 0.35% in 2012. The FSA data analysis produced contrary results suggesting a generally increasing 
trend from 2009 to 2012 (0.14% to 0.18%). In the multivariable models (Figure 2a and 2b), results from the 
BPHS data indicate that OR declined over the years. The odds of tail biting were about 11% higher in July and 
about 32% lower in December compared to January. Temporal patterns differ for FSA. OR increased over the 

http://www.r_project.org
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time and OR were higher in May than January by 21% and lower in September and August by about 34% 
compared to January.  

Figure2: Tail biting odds ratio (OR) for year trend (2a – left plot) and seasonal trend (2b – right plot, x-axes range from 1 (January) to 
12 (December)) for the two data sets.

Batch analysis:

FSA and BPHS data were obtained, at batch level, from a total of 53,479 and 18,748 pigs respectively 
from 332 batches during the trials. The overall results of the batch comparison show a statistical significant 
low correlation between schemes for pleurisy (0.47) and a moderate correlation for pneumonia (0.65). The 
agreement between schemes was low for tail bite (Kappa <0.04). 

Discussion

Similar trends (for respiratory disease) were observed between data sets. The major difference between 
data sources at national level was the prevalence values, which were higher for BPHS in comparison to 
FSA. The same finding was observed in another study that compared routine meat inspection findings with 
systematic health monitoring in pigs in Denmark (Nielsen et al, 2015). This seems to suggest that there are 
differences in recording sensitivities between BPHS and FSA system (i.e. BPHS assessors detect more cases 
of respiratory lesions than FSA MHI). This has implications for the use of these data. In addition, the batch 
analysis demonstrates that FSA data at batch level need to be improved to provide reliable information on 
which producers can base their decisions. The lack of agreement between the two systems and the higher 
prevalence of lesions recorded in the BPHS system may suggest that for the animal health purpose the BPHS 
system performs better, probably because BPHS assessors are focused on specific animal health-related 
lesions while FSA ante and post mortem inspection primarily aims to protect public health and meat quality.

Conclusion

Routine meat inspection data has potential for animal health surveillance purposes but it needs significant 
improvement, if it is to replace the BPHS.
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Epidemiology of infection / control and mitigation option of foodborne 
pathogens and zoonotic diseases in the pork production chain.

25. Serological and molecular investigation for brucellosis in swine in selected 
districts of Uganda 
Erume, J.1; Kristina, R.2; Dione, M. M.2; Ejobi, F.1; Mboowa, G.3; Kungu, J.2; Akol, Joyce.2; Pezo, D.2; El-Adawy, H.4; Melzer, F.4; 
Elschner, M.4; Neubauer, H.4; Grace, D.5

Brucellosis is a notifiable zoonotic disease affecting livestock, humans and wildlife in Uganda. Human 
brucellosis cases are frequently reported and the increasing incidence is suggestive of increasing disease in 
the livestock population. Pigs are among the livestock species that can be infected with human pathogenic 
Brucella suis biovars 1 and 3 and can be a significant source of brucellosis for humans. Uganda has a rapidly 
growing pig population and the pork consumption per capita is the highest in East Africa. The objective of 
this work was to determine the seroprevalence of brucellosis in Ugandan pigs. A cross-sectional study was 
conducted in farms in 3 of the major pig-keeping districts in Uganda (Masaka (n=381), Mukono (n=398) and 
Kamuli (n=414)). In addition, pigs originating from these districts were sampled in the major pig abattoir in 
Kampala (n=472). In total, 1,665 serum samples were investigated by serological and molecular tests. Only 3 
putative brucellosis positive samples were detected serologically using indirect ELISA. These sera were found 
negative for Brucella antibodies by CFT, however, 2 of them had antibodies against Yersinia enterocolitica 
as determined by SAT. Presence of antibodies against Yersiniae was confirmed by Y. enterocolitica antibody 
specific ELISA. The 2 ELISA positive samples were brucellosis negative using real time PCR. We tested an 
additional 142 sera from the 1,665 samples with real time PCR. All tested negative. Based on our findings, pigs 
in the main pig-keeping districts in Uganda appear to be free from brucellosis and thus the risk of acquiring 
brucellosis from them or their products seems to be very low. However, pigs may harbor the zoonotic Y. 
enterocolitica. This is the first study to investigate the occurrence of brucellosis in pigs in Uganda and the first 
study to report Y. enterocolitica antibodies in swine in Uganda.

1College of Veterinary Medicine, Animal Resources and Biosecurity, Makerere University, P. O. Box 7062, Kampala, Uganda; 
2International Livestock Research Institute (ILRI), C/O Bioversity International, P. O. Box 24384 Kampala, Uganda;
3Mycobacteriology Laboratory, College of Health Sciences, Makerere University, P. O. Box 7072, Kampala, Uganda;
4Insititute for Bacterial Infections and Zoonoses, Federal Research Institute for Animal Health, Friedrich Loeffler Institute, Naumburger 
Str. 96a, 07743 Jena, Germany;
 5International Livestock Research Institute, P. O. Box 30709, Nairobi, Kenya
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26. Salmonella on Belgian breeding and rearing farms.
Brossé C.1, Meroc E.2 , Vandersmissen T.1, Vanderstede Y.2

 

On 49 breeding and 9 rearing farms bacteriological examination for Salmonella was performed monthly 
during 6 months. On each sampling round 2 pair of hand swabs and overshoes were taken in the farrowing-, 
insemination- and gestation units. In the fattening unit only 2 pairs of hand swabs were taken. In the rearing 
farms, samples were taken spread over the different compartments. In the last sampling round, only overshoes 
were taken. The association between serology and bacteriology was studied in the fattening unit. Therefore 
serological results of blood samples from the Belgian Salmonella Action Plan were taken into consideration. 
On each herd a questionnaire about biosecurity (Biocheck) was completed and the standard use of antibiotics 
and acids was registered.

An overall proportion of positive samples of 15.34%, a herd prevalence of 73.47% and a medium within 
herd prevelance of 29% was found. The 3 most frequently isolated serotypes were S. Derby, S. Typhimurium 
including monophasic variants and S. Livingstone. 62% of the herds had a changing status over the different 
consecutive sampling rounds. The probability to have 2 or 3 consecutive positive statuses was 0.31 and 0.24.

Statistically more positive samples were found using overshoes compared to hand swabs. No difference 
was found between pooled and non-pooled overshoes. The correlations between the results of the 4 sampling 
units are small to moderate.

There was no relationship between the standard use of acids and antibiotics or the results of the biocheck 
and the Salmonella status. In conclusion, these results indicate a high prevalence of Salmonella on 
the Belgian breeding and rearing farms. The most optimal way to determine the Salmonella status 
is by taking 12 pools of 2 pairs of overshoes spread over the different units. At least 3 consecutive 
sampling results are needed.

1Animal Health Care Flanders (DGZ), Deinse Horsweg 1; 9031 Drongen; Belgium 
2 Veterinary and agrochemical research centre (CODA-CERVA), Groeseleberg 99; 1180 Brussel; Belgium
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27. Case-control study to detect protective factors on pig farms with low 
Salmonella prevalence.
Smith, R.P.*, Andres, V., Cheney, T.E., Marier, E., Tchórzewska, M.A, Davies, R.H.

Abstract

The prevalence of Salmonella in UK pigs is amongst the highest in Europe, highlighting the risk to public 
health and the need to investigate on-farm controls. The objective of this study was to identify factors 
currently in operation on pig farms that had maintained a low Salmonella seroprevalence. For this purpose a 
case-control study was designed and pig farms with a low (<10%) seroprevalence were compared against two 
randomly selected control farms, sharing the same geographical region and production type. A total of 11,452 
samples, including pooled and individual floor faeces and environmental samples from pigs and their vicinity 
were tested and prevalence examined. In addition, detailed questionnaires were completed during the farm 
visits to collect descriptive data for risk factor analysis. It was shown that control farms had significantly 
higher prevalence compared to the case farms (19.4% and 4.3% for pooled and 6.7% and 0.1% for individual 
samples, respectively). The two risk factor analyses identified multiple variables associated with Salmonella 
prevalence including variables related to feed, effectiveness of cleaning and disinfection, biosecurity and 
batch production.

Introduction

The global human health impact of non-typhoidal Salmonella was estimated to be 93.8 million illnesses, 
of which approximately 80.3 million were food-borne (Majowicz et al., 2010). More than 80,000 cases are 
reported in the European Union each year, with an estimated overall economic burden of approximately 3 
billion Euros per year (Anonymous, 2012). Although a recent decrease in the number of human Salmonella 
cases in the EU has been observed, salmonellosis is persistently the second most frequently reported zoonosis 
(Anonymous, 2012, 2013). This versatile pathogen remains the most common causative agent responsible 
for food-borne outbreaks and, while the number of outbreaks linked to eggs and products thereof has 
decreased, the proportion of outbreaks linked to broiler and pig meat has increased (Anonymous, 2013). 
Salmonella Enteritidis and S. Typhimurium have been the most commonly reported serovars associated with 
human Salmonella cases and in 2012 accounted for 41.3% and 22.1% of cases respectively. Pigs may become 
infected by numerous serovars of Salmonella, including S. Typhimurium, and typically the infection remains 
subclinical. An EU baseline survey detected a high prevalence of 21.2% in lymph nodes of UK slaughter pigs 
(EFSA, 2008), which highlighted the need to identify effective control strategies. Although previous research 
has studied factors present on high prevalence farms, the factors that have led to farms maintaining a low 
prevalence have not been studied in depth. The aim of this project was to design a case-control study to 
identify farm and pig level factors associated with maintaining a low Salmonella seroprevalence and factors 
associated with low Salmonella prevalence in samples from the farm that were tested by bacterial culture. 

Methods

Farm selection

A total of 19 low prevalence farms were selected for the study by identifying pig farms with the most 
consistently low seroprevalence (<10%) identified through the use of the last 4 full years of the UK serological 
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surveillance scheme data (2008-2011) and hereinafter referred to as Platinum farms. For each Platinum farm, 
two Control farms were randomly selected to provide a comparable study population from the wider pig 
industry with the same production types and geographical distribution as the Platinum farms.

Sample collection and laboratory testing

Each enrolled farm was visited once and pooled and individual floor faeces and environmental samples 
from pigs and their surroundings were collected. Specifically, for each pen or yard selected for sampling with 
less than 50 pigs, a single pooled faeces sample was collected, whilst two or more pooled samples were 
collected where more than 50 pigs were present. Whenever possible, 60 (10 samples from 6 pens) sub-
samples of individual droppings were collected from finishing pigs’ pens (or growers, if too few finisher pens 
were available). Environmental swab samples (up to 70 per farm) were collected from boot dips, walkways, 
pooled water, feed, drinkers, feeders, farm effluent, pig handling equipment, vehicle foot wells, protective 
clothing, scrapers and wildlife faeces. Overall, a mean average of 165 and 138 pooled and environmental 
samples, 57 and 54 individual samples from grower/finisher pigs were collected from 19 Platinum and 38 
Control farms, respectively. The testing method used was a modification of the ISO 6579:2002 (Annex D) 
Salmonella isolation method in which only one plating medium (Rambach) is used (Arnold et al., 2015). All 
positive isolates were serotyped according to the White–Kauffmann–Le Minor scheme.

Data collection

At each farm visit, a 11-part questionnaire was completed to provide explanatory data for risk factor 
analysis. Detailed information related to business characteristics, housing systems, animal sourcing, 
husbandry, management and feeding practices, as well as health and pig performance, were collected.

Risk factor analysis

Farm-level analyses: A farm-level logistic regression model was completed in Stata 12, with the outcome 
variable being whether a farm was Platinum (1) or Control (0). A forward stepwise method was used to 
enter the variables into the final model and the multivariable model was fitted from variables that had the 
Likelihood Ratio p-value <0.1. 

Sample-level analysis: A sample-level logistic regression model was completed with the outcome variable 
being whether a sample tested positive or not for Salmonella. A model was created with the farm included as 
a random effect to account for the non-independence of samples from the same holding. An a priori variable 
was forced into the model to account for differences between sample types. A forward stepwise method was 
used to enter the variables into the final model and the multivariable model was fitted from variables that 
had a p-value <0.05. Where more than one variable shared the lowest p-value at a step, the best model was 
determined based on Akaike’s Information Criterion. A collinearity matrix was produced to identify variables 
strongly collinear (>0.7) with variables that entered the final model. 

Results

The Control farms had significantly greater Salmonella prevalence compared to Platinum farms, with an 
average pooled sample prevalence of 19.4% (0.0-52.4%), and with 3/38 farms (21%) having no Salmonella 
detected. The individual sample prevalence was 6.7% (0.0-61.7%). The average pooled sample prevalence 
for Platinum farms was 4.3% (0.0-25.8%) with 9/19 farms (47.4%) negative for Salmonella. The individual 
sample prevalence was 0.1% (0.0-1.7%) with only one farm being Salmonella positive. The same pattern was 
true for environmental sample prevalence for both control and case farms. The most common serovar of 
major public health importance detected on 13 Control farms was S. Typhimurium, followed by monophasic 
S. Typhimurium, whereas only 2 Platinum farms had monophasic S. Typhimurium. Both risk factor models 
enabled identification of explanatory variables associated with on-farm Salmonella status. The farm-level 
analysis identified four significant variables showing that Control farms were more likely to use pelleted 
feed, antibiotics in feed or in water, allow feed lorries to enter beyond the farm perimeter and had no mice 
observed in the farrowing unit (Table 1). The sample-level model identified a large number of significantly 
associated variables, related to feed, housing, cleaning and disinfection practices (Table 2).

Table 1: Farm-level Salmonella risk factors identified through multivariable analysis of 57 pig farms.

Variable Level Platinum Control Odds Ratio P-value

Feed type most commonly used  

Pelleted 2 27 1.00

Meal 8 7 43.69 0.019

Liquid 9 4 219.52 0.010

Feed lorries ever enter the farm perimeter
Yes 7 32 1.00

No 12 6 9.75  0.033

Antibiotics regularly added to feed/ water
No 14 12 1.00

Yes 5 26 0.05  0.027

Mice observed by farmer in farrowing unit 

No 1 15 1.00

Yes 15 15 26.27  0.072

N/A* 3 8 0.86  0.946
*No farrowing on site
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Table 2: Sample-level Salmonella risk factors identified through mixed-effects multivariable analysis of 57 pig farms (n = 11,452). The 
a priori sample type variable and Not Applicable or Not Known levels within variables have been omitted from the table.

Variable Level Positive Negative Odds Ratio P-value

Drinker type for pig group 

Nipple only 720 7418 1.00

Nipples and other 1 185 0.04 0.001

Trough, bell or bowl 308 1439 1.20 0.181

Acidified products added to water 
of that pig age group 

Yes 63 301 1.00

No 370 3113 0.33 0.001

Flooring type in pen 

Solid 523 4136 1.00

Field (outdoors) 39 107 0.60 0.425

Full slats 265 3434 0.60 0.002

Partially slatted 196 1355 1.55 0.012

Continuous production 
No 80 1249 1.00

Yes 891 6786 3.09 <0.001

Pig age group fed meal feed 
Yes 85 1983 1.00

No 920 6740 0.35 <0.001

Compound feed given to pig age 
group 

Yes 812 4155 1.00

No 195 4472 0.30 <0.001

Antibiotics regularly added to feed/ 
water

Yes 342 2123 1.00

No 91 1291 0.66 0.065

Frequency pen scraped through
 

Every few days 193 1922 1.00

After batch 273 2077 0.43 <0.001

No 103 710 0.76 0.329

Weekly or less 17 401 0.75 0.418

Age group fed using open hopper/ 
trough 

No 716 7565 1.00

Yes 289 1158 1.96 <0.001

Ventilation outlet position 
Roof 197 2002 1.00

Side 265 3052 0.32 <0.001

Mice in farrowing buildings 
Yes 884 3893 1.00

No 433 6242 0.24 0.004

Ventilation type 
Natural 730 5745 1.00

Forced 207 2690 0.41 <0.001

Salmonella control programme 
No 39 729 1.00

Yes 1278 9406 26.34 0.001

Sheep present on farm in last year 

Commercial 265 2233 1.00

Hobby 71 151 149.71 <0.001

None 981 7751 2.13 0.213

Position of bootdips
 

None 402 2812 1.00

Site entrance 374 2145 1.15 0.814

Pig buildings 301 3340 0.13 0.001

Both 240 1838 0.16 0.012

Scour linked to pig deaths over last 
12 months

No 669 6897 1.00

Yes 648 3238 5.94 0.001

Pen cleaning - disinfectant used 
No 166 2418 1.00

Yes 532 4561 1.46 0.037

Deep bedding
No 628 7235 1.00

Yes 367 1479 1.58 0.003

Discussion

The results of the farm visits confirmed that the farms that had a persistently low seroprevalence up until 
the end of 2011 had also maintained a low prevalence by bacteriological testing when visited in 2013/14. Many 
of the Platinum farms were also found to be Salmonella free, which was an important finding considering 
the large number of samples collected. The difference in serotype detected between Platinum farms and 
Controls, particularly S. Typhimurium which is of public health importance, also highlighted the difference 
between these farm types. The majority of the identified risk factors have been presented and discussed in 
other European risk factor studies, particularly those related to feed, production type, widespread antibiotic 
treatment and flooring and bedding. Identifying these factors in this study provides robust evidence that these 
are key practises in controlling Salmonella on farm and preventing its introduction. A number of identified 
factors appeared to be counterintuitive. The lack of mice observed by Control farmers could have been related 
to a lack of awareness and effective surveillance on Control farms rather than a true lower mouse population. 
A Salmonella control programme being a Salmonella risk factor may relate to the farm having a known or 
current Salmonella problem rather than implying preventive control actions. The sample level analysis had 
substantial statistical power which helped identify important variables associated with Salmonella but this 
power may also have identified variables that were selected by random chance and so results that do not 
have a biologically plausible explanation should be treated with caution.

Conclusion

This study has identified important differences between farms that have maintained a low prevalence 
and other commercial herds. It is hoped that this information will help motivate the pig industry to apply 
the identified protective measures to better control Salmonella and have a positive effect on food safety and 
overall herd productivity.
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28. MRSA on belgian mixed species farms 
Brossé, C.1; Vandersmissen, T 1.; de Jong, E. 1; Verhegghe, M 2.; Rasschaert, G. 2

After the recognition of hospital-associated MRSA and community-associated MRSA, recently a new 
lineage of MRSA was found in livestock, mainly in pigs (LA-MRSA). It was hypothesized that the presence of 
different livestock species could contribute to a higher prevalence of LA-MRSA on a farm.The aim of the study 
was to gain insights into the prevalence on Belgian mixed farms and to compare the antibacterial resistance 
pattern of MRSA. Between January 2009 and January 2013, 2 mixed poultry-pig farms and 3 mixed cattle-pig 
farms were sampled 3 times for pigs and cattle and 6 times for poultry. On each sampling round, nose swabs 
of pigs (n=10) and cattle (n=10) were taken, whereas swabs of nose shells and cloaca from poultry (n=10). 
Swabs were pooled per two for examination. In pigs, 64% of the pooled samples were found MRSA positive, 
whereas for cattle and poultry this was 12% and 10%, respectively. On the mixed poultry-pig farms, 83% of 
the samples of pigs were positive compared to 51% on mixed cattle-pig farms. MRSA was found in pigs during 
each sampling round. On all farms MRSA was isolated from broilers or cattle, however, MRSA was only found 
in poultry during sampling round 1 and 2 and in cattle during sampling round 1 and 3. Overall, resistance was 
found against 10of the 16 tested antibiotics. In only one sample resistance was reported against an antibiotic 
used on the farm (trimethoprim in pigs).These results indicate that LA-MRSA was present on each farm and 
in each animal species. The prevalence seems higher in pigs compared to poultry and cattle. The prevalence 
seems also higher in pigs housed in pig-poultry farms comparing to the prevalence in pigs in pig-cattle farms. 
There was no link between the resistance pattern and the use of antibiotics on the farms.

1Animal Health Care Flanders (DGZ);
2Institute for Agricultural and Fisheries Research
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29. A molecular Listeria monocytogenes database to centralize and share typing 
data from strains isolated from the pork sector in France 
Felix, B1.; Michelon, D.1; Mariet, J. F.1; Dao, T. T.1; Roussel, S.;1 Feurer, C.2

Listeria monocytogenes (Lm) is an ubiquitous bacterium that causes a severe and often lethal foodborne 
illness. The pork sector has been concerned by several health crisis in 1992 (1), 1993 (2), 1999 (3) and 2000 
(3). Thus, efficient surveillance tools for strains circulating throughout the pork chain are of major interest.

Anses hosts the French National Reference Laboratory (NRL) and the European Union Reference Laboratory 
for Lm. The NRL, collect and typed isolated from various food chains for decades. Typing and epidemiological 
data are centralized in the NRL molecular database. The EURL has developed an expertise in the setup of 
molecular databases (4) and is currently involved in the development of the EFSA/ECDC molecular typing 
database (5).

The French Institute for Pig and Pork Industry (Ifip) owns an Lm database gathering data of strains coming 
from own checks of pork processing plants.

For 3 years, Ifip and Anses have been working together in the frame of the ARMADA joint technological 
unit, a national collaborative project. It enabled the two partners to harmonize their typing method according 
to standard operating procedures for PFGE (6) and PFGE profile interpretation (6). The need for exchanging 
typing data recently resulted in the creation of a joint national molecular typing database. Its objective is 
to share and compare epidemiological and typing data (serotyping, PFGE, MLST) related to strains owned 
by both Anses and Ifip. Ultimately, this database will be shared between the French technical institutes and 
Anses units involved in the national surveillance of Lm. This database contains 800 strains all type by PFGE 
sharing 206 combined ApaI-AscI PFGE pulsotypes. 200 strains were typed by MLST. This database represents 
a key tool for the efficient surveillance of strains circulating throughout the pork food chain and molecular 
surveillance.

We will describe here the different steps in the development of this database and its content.

1 : Jacquet, C., et al. Appl Environ Microbiol 61, 2242-2246.
2 : Goulet, V., et al. (1998). J Infect Dis 177, 155-160.
3: de Valk, H., et al. (2001). Am J Epidemiol 154, 944-950.
4 : Felix, B., et al. (2014). J Microbiol Methods 104C, 1-8.
5: EFSA (2014). http://www.efsa.europa.eu/en/supporting/pub/712e.htm.
6 : Michelon, D., et al. (2015). Foodborne Pathog Dis 12, 244-252.
7 : Roussel, S. et al. (2014). http://www.efsa.europa.eu/en/supporting/pub/702e.htm

1Anses, Maisons-Alfort Laboratory for Food Safety, Maisons-Alfort, France.;  
2Ifip, French Institute for Pig and Pork Industry, Maisons-Alfort, France
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30. First Salmonella spp. prevalence study in pigs and pork products from the 
province of Córdoba, Argentine
Vico, J. P.1,2*; Zogbi, A. P.2; Sánchez, I.2 ;Aleu, G.2; Caon, M.2  ;Rosmini, M2.; Mainar Jaime, R. C.3

Abstract

The study of the prevalence of Salmonella spp. in the pig and pork production chain is important to reduce 
the risk of spreading this pathogen into the human population. The aim of this study was to estimate the 
prevalence of Salmonella spp. in pigs and pork products from Córdoba. Mesenteric lymph nodes samples from 
580 finishing pigs from different pig farms , and 420 samples (83 batches) of fresh pork products (the so-called 
“chorizo fresco de cerdo”) from different retailers were analyzed. ISO 6579:2002 standard protocol was used 
for Salmonella isolation. Prevalence of Salmonella spp. in finishing pigs in Córdoba was 41.5% (95%CI 37.6%-
45.6%). According to pig´s origin the province was split in North, Central and South region. The prevalence 
observed in each region was 49.5%, 43.0% and 36.0% respectively. The significantly higher prevalence 
observed in the North may be associated with the precarious conditions of the pig production sector in that 
area, compared to the better pig producing practices in the southern region. Prevalence of Salmonella spp. 
in fresh pork products was 17.4% (95%CI 15.8%-23.4%). Based on the Argentine Food Codex criteria, 34/83 
(40.9%) of the analyzed batches should be rejected given the presence Salmonella spp. positive. In addition, 
total coliforms were also analyzed on these pork samples following national legislation and 42 (63.0%) of 
the batches should have been rejected according to coliform total count. Overall, only 13% of the batches 
fulfilled both criteria for acceptance. In conclusion, the high prevalence of Salmonella spp. in pig farms and of 
Salmonella spp. and coliforms in these type of pork products suggested important safety breakdowns along 
the pig production and pork elaboration processes. An important effort should be done to reach suitable 
hygienic and sanitary standards for pig and pork production in the province of Córdoba.

Introduction

Salmonella spp. is recognized as major zoonotic pathogens of economic significance in animals and 
humans; the infection caused by these bacteria is one of the most frequently reported foodborne diseases 
worldwide. Pigs farming is increasing in Argentine in the last decade, and Córdoba it is the second major 
pig producing region in the country. The study of the prevalence of Salmonella spp. in the pig and pork 
production chain is important to reduce the risk of spreading this pathogen into the human population. The 
aim of this study was to estimate the prevalence of Salmonellas pp. in pigs and pork products from Córdoba.

Material and Methods

Study design and sampling collection.  Pig sampling was carried out on six abattoirs between February 2014 
and February 2015. A total of 580 pigs from 20 different pig herds (an average of 30 animals per herd) were 
analyzed. In addition, between July 2014 and July 2015, 420 retail pork products, the so-called “chorizo fresco 
porcino”, were obtained from different retail stores (batcher shops or supermarkets) in Córdoba. These latter 
samples were collected in batches of 5 samples following Argentine regulation on Food safety (ANMAT, 2013).

Determination of the presence of Salmonella spp. Bacteriology was performed on MLN and pork samples, 
following the standard International Organization for Standardization Method 6579:2002. 
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Enterobacteria (coliforms) count. An aliquot was obtained and serial dilutions were made for 
total Enterobacteria (coliforms) counting. From each dilution 100 µl was spread in petri dishes by 
duplicate containing violet red glucose agar (Britania®). Plates were incubated a 37 ºC for 24hs. Plates 
containing < 250 typical Enterobacteria colonies (pink or red, with or without precipitation) were 
counted. Microbiological results for Salmonella spp. and total count of Enterobacteria were compared 
to Argentine Microbiologic criteria (ANMAT, 2013) for food safety. 

Statistical analysis. Basic descriptive statistics were performed. Individual and herd/batch prevalence 
with their corresponding 95% confidence intervals (95% CI) were estimated for pigs and pork samples. 
Enterobacteria counts were transformed to log 10 CFU/g prior to statistical analysis. 

To study the possible association between Enterobacteria numbers and some factors (being a 
Salmonella positive/negative sample, type of retail store, etc.) a Student t-test was used. Data analysis 
was carried out using InfoStat versión 2015 free version. (Grupo InfoStat, FCA, Universidad Nacional de 
Córdoba, Argentina. URL http://www.infostat.com.ar)

Results

The prevalence of Salmonella in MLN was 41.5% (95%CI: 37.6%-45.6%). The province was divided 
in the North, Central and South regions, and the prevalence observed was high for the three of them, 
although slightly lower in the South (49.5%, 43.0% and 36.0% respectively). The overall prevalence of 
Salmonella spp. in fresh pork products was 17.4% (95%CI: 15.8%-23.4%). but Butcher shops showed a 
higher proportion of Salmonella positive samples (Table 1).  

Table 1. Prevalence of Salmonella samples by type of retail store. 

Type of retail store
Positive Salmonella

samples % 95%CI 

Butcher shop 35/130 26.92 20.01–35.16

Supermarket 38/290 13.10 9.66–17.5

A total of 83 batches were considered and 41.0% were positive to Salmonella. The mean of 
Enterobacteria counts was 3.35 log 10 UFC/g (range 1.30 – 4.51 log 10 CFU/g). Figure 1 showed the 
results after applying national food safety microbiological criteria for Enterobacteria and Salmonella 
on the 83 batches. A total of 52 batches exceeded the Enterobacteria total count allowed for national 
food safety criteria.

Discussion

Salmonella prevalence results in pigs samples were high in Córdoba. Those results were in line 
with previous studies that found high seroprevalence/prevalence of infection in pig populations from 
the region (Vigo et al., 2009; Ibar et al., 2009). Although no clear significant association was found 
between pig Salmonella infection and regions, the higher prevalence observed in the North may be 
associated with the precarious conditions of the pig production sector in that area, compared to the 
better pig producing practices in the southern region, as it was described in a technical report on the 
pig production chain in the region of Córdoba (INTA, 2012). In addition, farms situated at North had 
longer transport times from the farm to the abattoir as slaughterhouses are located in the Central and 
South regions and this could be a risk factor (Vico et al., 2014) 

Figure 1.  Percentage of acceptance or rejection of pork´s bacthes according to National Microbiological criteria                              
  

This is the first study made with samples obtained at retail markets. Due to the absence of official data, 
we compared Salmonella prevalence in pork’s products with other countries. Salmonella prevalence in pork’s 
products was higher in Córdoba compared to Ireland (2.6%; Prendergast et al., 2009), United Kingdom (3.9%; 
Little et al., 2008), Spain (4.5%; Domenech et al., 2015). However Salmonella prevalence was somewhat 
lower when compared to countries within the same region, such as Brazil (24.6%; Murmann et al., 2008).

The significant differences observed on the proportion of Salmonella positive samples when butcher 
shops and supermarkets were compared could be explained in part by the lower hygienic standards when 
manufacturing pork products by the former. Based on the Argentine Food Codex regulations, an important 
percentage of batches should be rejected given the presence Salmonella spp. positive.

Enterobacteria counts are used as indicators of good manufacturing practices and hygienic conditions 
during manufacturing of pork. According to national microbiological criteria for food safety, batches with 
Enterobacteria counts higher than 2.6 log10 UFC/g are considered as non-viable for human consumption. 
Thus, in this survey, a large proportion of the batches should have been also rejected. Overall, only 22/83 
(26.5%) of the batches fulfilled both criteria for acceptance. 

Despite some studies suggest a positive correlation between Enterobacteria total counts and Salmonella 
presence, and therefore the possibility of some modeling predictions (Ruby and Ingham, 2009), we did not 
find any association between these two variables. 
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Conclusion

In conclusion, the high prevalence of Salmonella spp. in pig farms and of Salmonella spp. and coliforms 
in these types of pork products suggested important safety breakdowns along the pig production and pork 
elaboration processes. An important effort should be done to reach suitable hygienic and sanitary standards 
for pig and pork production in the province of Córdoba.
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31. Characterization of Salmonella enterica serovars Tyhimurium and 4,5,[12]:i:- 
isolated from pigs and pig environmental-related sources in the NE of Spain
Andrés-Barranco, S.1, Vico, J.P.2, Marín, C.M. 1, Herrera-León, S. 3 Mainar-Jaime, R.C.4,1*  

Abstract

A total of 117 Salmonella Typhimurium and 59 monophasic Salmonella Typhimurium (S. 4,[5],12:i:-) strains 
isolated from pig, wild bird, rodent, and farm environmental samples were characterized by phage typing, 
antibiotic susceptibility testing and Multiple-Locus Variable-Number Tandem Repeat Analysis (MLVA) in order 
to evaluate their phenotypic and genetic relatedness. In S. 4,[5],12:i:- the most prevalent phage types were 
U311 (40.7%) and DT195 (22%) which did not correspond with the so-called Spanish clone, and generally 
showed a different resistant pattern (ASSuT). Antibiotic resistance was found in 85.8% of the isolates, with 
94.1% of them displaying multidrug resistance (MDR). MLVA identified 92 different profiles, six of them shared 
by both serovars. The Minimum Spanning Tree showed one major cluster that included 95% of the S. 4,[5],12:i:- 
isolates, which came from different animal sources, geographic locations and time periods, suggesting high 
clonality among those Salmonella strains and the ability to spread among pig farms. Phenotypically, isolates 
of S. 4,[5],12:i:- were closer to European strains than to the well-characterized Spanish clone. The spread of 
these new strains of S. 4,[5],12:i:- would have been likely favoured by the important pig trade between this 
Spanish region and other European countries.

Introduction

Salmonella Typhimurium is the second of all reported Salmonella serovars in human-confirmed cases in 
the EU (Anon., 2015) and the first in Spain (Anon., 2014a). Its monophasic variant, S. 4,[5],12:i:-, was the third 
most common reported serotype among humans, pigs and pork isolates in the EU in the same year (Anon., 
2015). This serovar was reported in Spain in 1997 (Echeita et al., 1999) and since then it has been responsible of 
foodborne outbreaks in Europe. Salmonella Typhimurium and S. 4,[5],12:i:- are present in more than 50% of the 
Salmonella-infected pigs in Spain (Vico et al., 2011), and pig meat is considered an important food vehicle for 
their transmission to humans (Hauser et al., 2010). 

The aim of this study was to gain further insight into the epidemiology, phenotypic and genetic diversity 
and relatedness of these two main serovars in an area of high pig Salmonella prevalence. For this purpose 
a collection of S. Typhimurium and S. 4,[5],12:i:- isolates obtained from pigs and, wild birds, rodents and 
pig farm environments were analyzed by phage typing, antibiotic susceptibility testing and Multiple-Locus 
Variable-number Tandem Repeat Analysis (MLVA).

Material and Methods

A total of 117 isolates of serovar S. Typhimurium and 59 isolates of S. 4,[5],12:i:- were used. Ninety-three 
of these isolates originated from pig mesenteric lymph nodes (MLN), 41 from pig faeces, 22 from wild bird 
faeces, 5 from rodents and 15 from pig farm environmental samples. The isolates were obtained between 
February 2008 and September 2012 from a total of 121 pig fattening farms.

Salmonella culture was performed according to the EN ISO 6579:2002/A1:2007 and confirmed isolates 
serotyped at the National Reference Laboratory for Animal Salmonellosis (Madrid, Spain). A duplex PCR assay 
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(Tennant et al., 2010) was used to differentiate between serovar Typhimurium and S. 4,[5],12:i:-. Bacteriophage 
typing was carried out at the National Reference Laboratory for Human Salmonellosis (Madrid, Spain). 

Susceptibility to antimicrobial agents was determined using the Kirby-Bauer disc diffusion method 
and according to the guidelines of the Clinical and Laboratory Standards Institute (Anon., 2012). Antibiotic-
resistant (AR) profiles were considered after antimicrobial agents were classified within the following classes: 
aminopenicillins (A), phenicols (C), aminoglycosides (S), sulphonamides and di-hydrofolate reductase inhibitors 
(Su), tetracyclines (T), cephalosporins (Cf), and quinolones (Na). Isolates displaying resistance to three or more 
antimicrobial classes were defined as multidrug resistant (MDR). 

MLVA was based on the protocol described by the European Centre for Disease Prevention and Control 
(Anon., 2011). The VNTR loci selected and primers used were those of Lindstedt et al. (2004). A Minimum 
Spanning Tree (MST), based on the allelic diversity of the five VNTR loci, was created in Bionumerics (version 
6.6.11; Applied Maths, Sint-Martens-Latem, Belgium).

Results

Among the 117 S. Typhimurium strains 16 different phage types were identified, being the most commonly 
observed U311, DT193, DT104b and DT195. Regarding S. 4,[5],12:i:- strains, 7 different phage types were 
identified, being the most frequent U311 and DT195.

One hundred and fifty-one (85.8%) of the isolates were resistant to at least one antimicrobial class (79.5% 
of the S. Typhimurium and 98.3% of the S. 4,[5],12:i:-), and 14 different AR patterns were observed (12 in S. 
Typhimurium and 7 in S. 4,[5],12:i:-). The most frequent resistance phenotypes (R-type) (81%) were ASSuT 
and ACSSuT with/without additional resistance to nalidixic acid. Majority of the S. Typhimurium resistant 
isolates (96.8%) displayed MDR, with the most frequent R-types ACSSuT and ASSuT with/without additional 
resistance to nalidixic acid. Among S. 4,[5],12:i:- resistant isolates 89.6% showed MDR. The most frequent 
AR pattern was ASSuT; however, ACSSuT was much less frequent than in S. Typhimurium isolates. Only one 
isolate was pan-susceptible.

A total of 92 different MLVA profiles were observed, 29 (31.5%) of which were shared by ≥ 2 isolates, and 
6 by both serovars. MLVA typing showed 74 different profiles among the S. Typhimurium strains. Fifty-four 
profiles (73%) were unique to single isolates. The most frequent profiles were 2-11-03-NA-112 (n=8), 3-14-11-
NA-211 (n=8) and 4-09-14-10-211 (n=7). 

Twenty-four different MLVA profiles were identified for the 59 S. 4,[5],12:i:- isolates analyzed in this study. 
The four most common, accounting for 46% of strains, were 3-13-11-NA-211 (11 isolates); 3-13-10-NA-211 (6 
isolates); 3-11-05-NA-211 and 3-12-10-NA-211 with 5 isolates each. 

The MST (Figure 1) showed one major cluster (I) and 10 minor ones (II-XI). Cluster I included 35 distinct 
MLVA profiles, representing 89 isolates from all origins. Ninety-five per cent (56/59) of S. 4,[5],12:i:- isolates 
were grouped in cluster I. There was an apparent association between resistance types with MLVA clusters as 
93% (62/67) of the isolates with R-type ASSuT belonged to cluster I. Likewise, 100% of isolates from clusters II, 
IV and VII were ACSSuT (with or without nalidixic acid resistance) while in the other clusters just a few isolates 
showed that R-type. Clusters III and VI were characterized by including most of the pan-susceptible isolates. 
Fifteen MLVA profiles grouped isolates from different sources.

Discussion

Two main clonal lines have been usually considered in the EU: the “Spanish clone” defined as a U302 
phage type with plasmid-mediated MDR, and a second one that emerged in several European countries 
since 2000 and expresses chromosomally-encoded resistance to ampicillin, streptomycin, sulphonamides and 

tetracyclines (ASSuT R-type) involving DT193 and DT120 phage types (Hopkins et al., 2010). In this study, we 
found 7 different phage types for S. 4,[5],12:i:-, being the most prevalent U311 and DT195, and U302 one of 
the less frequent. The fact that the most common phage types for S. Typhimurium and S. 4,[5],12:i:- (i.e. U311 
and DT195) mostly shared same R-type profile, and could be grouped mostly within MLVA cluster I (Figure 1), 
suggested that these new strains of the monophasic type were more closely related to S. Typhimurium strains 
than to previous S. 4,[5],12:i:- strains.

Only a single strain of S. 4,[5],12:i:- was considered pan-susceptible to the antimicrobials tested, highlighting 
the high level of resistance among strains within this serotype. Most of these isolates were associated with the 
R-type ASSuT, which is also the most frequently AR profile from humans and fattening pigs in the UE (Anon., 
2014b), but different from the so-called “Spanish-clone”. This R-type ASSuT was also one of the AR profiles 
more commonly seen in S. Typhimurium as well, but far less common than for the monophasic variant. Thus, 
this observation would add further support to the hypothesis that these monophasic isolates may have likely 
evolved from European strains of S. Typhimurium. In 86% of the isolates some type of AR was observed, with 
94.1% of them displaying MDR. This figure is higher than those reported by previous studies carried on Spain 
(Astorga et al., 2007). 

MLVA patterns found among the 59 S. 4,[5],12:i:- isolates did not match with the major MLVA patterns 
observed in the recent study on the Spanish clone (García et al., 2013), but three of the most prevalent MLVA 
patterns in this study, i.e. 3-13-11-NA-211, 3-13-10-NA-211, and 3-12-10-NA-211, were commonly found 
in other European countries (Hopkins et al., 2010; Argüello et al., 2014). In addition, the most prevalent 
phage type found within the monophasic isolates (i.e. U311) has been reported in UK, Italy, and France in 
recent years (Hopkins et al., 2010). Overall, it seems that the S. 4,[5],12:i:- isolates identified in this region 
are different than the so-called Spanish clone but would be genetically closer to other European isolates. 
These S. 4,[5],12:i:- strains were isolated from samples from different animal sources, geographic locations 
or time periods, and were grouped predominantly within cluster I (Figure 1), which may be considered as an 
indication of the ability to spread of this clone. 

Conclusion

This work suggests the emergence of new S. 4,[5],12:i:- strains among animal isolates in this area. Two main 
phage types U311 and DT195 would be prevalent, both showing the tetra-resistant pattern ASSuT. These S. 
4,[5],12:i:- strains may have evolved from S. Typhimurium strains and appear to be closer to European isolates 
than to the previously described Spanish clone. The spread of these new strains of S. 4,[5],12:i:- would have 
been likely favoured by the important pig trade between this Spanish region and other European countries.
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32. Single nucleotide polymorphisms (SNPs) in genes related to innate immune 
response against Salmonella in nursery pigs
Farzan, A.(1)*, de Lange, C.F.M.(2), Friendship, R.M.(1), Lillie, B.N.(3)

Abstract

The objective of this study was to investigate the association of single nucleotide polymorphisms (SNPs) in 
innate immune response genes with Salmonella shedding in nursery pigs. One hundred and sixty eight pigs 
on seven farrow-to- finish farms and one farrow-feeder operation were included in the study. On each farm, 
21 pigs were selected from seven sows at weaning. Fecal samples were collected from selected pigs and 
cultured for Salmonella, and the isolates were serotyped. DNA was extracted from liver samples and used to 
genotype pigs for single nucleotide polymorphisms (SNPs) in 21 different innate immune response genes. In 
total, 15 (9.3%) pigs tested positive for Salmonella; the isolates from six pigs from four different litters on one 
farm were serotyped as Salmonella Infantis and from nine pigs from six different litters on another farm as 
Salmonella Worthington. SNP analysis showed an association of Salmonella shedding with a SNP in the genes 
encoding mannan-binding lectin (MBL)-associated serine protease-2 (MASP-2) and Toll-like receptor-1 (TLR-1)  
(P < 0.05). These findings suggest that Salmonella shedding in pigs is controlled by genetic elements and 
these genetic variants could possibly be used to breed pigs that are more resistant to Salmonella colonization 
and Salmonella shedding.

Introduction

Salmonella is estimated to cause more than 1.2 million illnesses each year in the United States, with 
more than 23,000 hospitalizations (the leading cause of hospitalization due to foodborne illnesses), and 450 
deaths (Scallan et al., 2011). In Canada, it is estimated that there are 88,000 human cases of salmonellosis 
annually (Thomas et al., 2011).  Painter et al. (2013) have recently estimated that 46 % and 22 % of annual 
gastroenteritis cases associated with foodborne outbreaks in the United States are attributed to produce 
(fruits, nuts, and vegetable) and meat (beef, pork, and poultry) commodities, respectively. Asymptomatic pigs 
play a significant role in the spread and transmission of Salmonella from farm to fork. In fact, a major food 
safety concern is that Salmonella can be transmitted from pig farms to pork products at slaughterhouses, as 
well as to ground water and produce if the pig manure is used as land fertilizer. Despite a variety of suggested 
control measures for Salmonella, asymptomatic carrier pigs are very difficult to eliminate. As such, genetic 
selection for resistance against a Salmonella carrier-state could be utilized as an effective method to control 
Salmonella in pigs. However, the genetic markers causing the variation in response to Salmonella colonization 
and shedding, as part of the innate, cell-mediated and/or antibody mediated responses among pigs are still 
unknown. The objective of this study is to identify if single nucleotide polymorphisms in genes involved in 
pattern recognition and innate immunity are associated with altered Salmonella colonization and carrier-
state status. 

Material and Methods

Eight swine farms (7 farrow-to- finish farms and one farrow-feeder farm) in southern Ontario, Canada 
were included in this study. On each farm, 21 piglets were selected from 6-7 sows at weaning; in total 
168 piglets (21 piglets per farm) were selected from 55 sows. Fecal samples were collected for Salmonella 
culturing at weaning. The piglets were euthanized at 5 weeks post-weaning and tissue samples collected from 
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liver for DNA extraction. DNA was extracted from liver using QIAGEN DNEasy tissue kit. Single nucleotide 
polymorphism (SNPs) analysis was performed using Sequenom MassARRAY®MALDI-TOF mass spectrometry. 
All pigs were genotyped for SNPs in innate disease resistance genes including ficolins (FCN1, FCN2), mannan-
binding lectins (MBLs; MBL1, MBL2), MBL-associated serine protease-2 (MASP2), surfactant protein A 
(SFTPA), galectin 4 (GAL4), and Toll-like receptors 1, 2, 4 and 5 (TLR1, TLR2, TLR4, TLR5). SNPs in some of 
these genes have been found to be more frequent in pigs with common infectious diseases, including some 
that are associated with Salmonella (Keirstead et al., 2011). Fecal samples were cultured for Salmonella at 
the Animal Health laboratory, University of Guelph (Guelph, ON, Canada). Briefly, fecal samples were placed 
into tetrathionate (TT) broth and incubated at 41 °C overnight. A loopful of the enrichment media was then 
streaked onto brilliant green sulfa (BGS) agar plates and incubated overnight at 35 °C. Presumptive Salmonella 
colonies grown on BGS plates were further identified using matrix-assisted laser desorption/ ionization time-
of-flight mass spectroscopy (MALDI-TOF MS). The Salmonella isolates were serotyped in the Salmonella 
OIE Laboratory for Salmonellosis, Laboratory for Foodborne Zoonoses, Public Health Agency of Canada. A 
single logistic regression method with farm as random effect was used to analyse the relationship between 
Salmonella shedding and genotype frequency in SNPs in 21 genes. 

Results

Salmonella could be recovered from pigs on two farms. On two positive farms, 10 litters tested positive 
for Salmonella with at least one pig per litter shedding Salmonella; 4 (57.1 %) and 6 (100 %) litters had at 
least one pig that tested positive for Salmonella shedding. In total, 15 (9.3 %) pigs were identified as shedding 
Salmonella. Serotype analysis determined that the isolates from 6 pigs from 4 different litters on one farm 
were Salmonella Infantis and the isolates from 9 pigs from 6 different litters on another farm were Salmonella 
Worthington. The genotype frequency in 21 genes among pigs with or without Salmonella shedding is shown 
in Table 1. SNP analysis showed an association of Salmonella shedding with one SNP in the genes encoding 
MASP-2 and TLR1 (P < 0.05). 

Discussion

It has been shown that the overall immune response varies between different porcine lines (Wilkie 
and Mallard, 1999). Control of swine infectious diseases (Reiner et al., 2008), in particular susceptibility to 
Salmonella infection in pigs (Galina-Pantoja et al., 2009), by improving genetic resistance has been studied 
before. Uthe et al. (2009) has previously shown that one SNP in a Salmonella-infection responsive gene (CCT7, 
chaperonin subunit) associated with circulating neutrophils and monocytes is associated with Salmonella 
shedding in pigs. In our study genotype frequency in a single SNP in both mannan-binding lectins (MBL)-
associated serine protease-2 (MASP-2) and Toll-like receptor-1 was significantly associated with Salmonella 
shedding. Toll-like receptors (TLRs) play important roles in innate immune responses through inflammatory 
cytokine production. For example, TLR1 expression has been shown to increase during Salmonella infection 
in mice so defects in TLR1, such as the one in this study associated with Salmonella status, could impact 
the pathogenesis of Salmonella infection and/or colonization (Tötemeyer et al., 2005). Further, TLR5 is a 
pattern recognition receptor that recognizes bacterial flagellin including the flagellin of Salmonella, and the 
presence of one specific SNP in TLR5 has been shown to be correlated with impaired recognition of Salmonella 
Choleraesuis in pigs (Shinkai et al., 2011). This SNP is specifically distributed in the Landrace and Pietrain breed 
pigs in Japan and the Czech Republic (Muneta et al., 2012). The Landrace breed is originally from Denmark 
but is distributed around the world, particularly in Canada, and this specific SNP may be present in Canadian 
commercial pigs that are progenies of F1 (Yorkshire x Landrace) x Duroc. Further studies are required to 
determine if SNPs in Toll-like receptors and/or other innate immune genes are involved in resistance against 
Salmonella infection in Landrace and Pietrain breed pigs in Canada as well.

 

Table 1. Genotype frequency in SNPs among pigs with or without Salmonella shedding 

SNPa Genotype frequencyb SNP Genotype  frequency

Sal + Sal - Sal + Sal -

FCN1_G(1139)A AA 7.5 0.0 MBL1_C(int)T CC 78.8 86.7

GA 39.7 60.0 CT 21.2 13.3

GG 52.7 40.0 MBL2_G(-1081)A AA 2.1 0.0

FCN2_A(-134)G AA 98.0 100.0 GA 23.3 13.3

GG 2.1 0.0 GG 74.7 86.7

GAL4_C(96)T CC 75.9 80.0 MBL2_C(-251)T CC 18.6 13.3

TC 22.1 13.3 CT 55.2 66.7

TT 2.1 6.7 TT 26.2 20.0

GAL4_C(587)T CC 75.9 73.3 SFTPA_G(439)A AA 3.5 0.0

CT 22.8 26.7 AG 22.8 20.0

TT 1.4 0.0 GG 73.8 80.0

GAL4_C(587)T AA 28.1 20.0 SFTPA_T(599)A AA 15.1 13.3

AG 46.6 60.0 TA 57.5 40.0

GG 25.3 20.0 TT 27.4 46.7

MBL1_G(271)T GG 73.8 80.0 TLR1_C(2305)T CCc 74.7 53.3

GT 22.8 20.0 TC 24.0 46.7

TT 3.5 0.0 TT 1.4 0.0

MBL1_C(687)T CC 71.9 86.7 TLR2_C(406)G CC 95.2 93.3

CT 26.7 13.3 GC 4.8 6.7

TT 1.4 0.0 TLR4_G(962)A AA 2.7 6.7

MASP2_C(433)T CC 23.5 20.0 GA 30.1 33.3

CT 64.8 40.0 GG 67.1 60.0

TTc 11.7 40.0 TLR5_T(834)G GG 9.0 0.0

MBL2_T(-2148)C CC 15.2 13.3 GT 40.0 46.7

CT 46.9 66.7 TT 51.0 53.3

TT 37.9 20.0 TLR5_C(1205)T CC 88.4 93.3

MBL2_G(-1636)T GG 26.2 20.0 TC 11.6 6.7

GT 55.2 66.7 TLR5_C(1919)T CC 93.8 100.0

TT 18.6 13.3 CT 6.2 0.0

aSNP nomenclature is described in Keirstead et al., 2011. bThe homozygous genotypes were compared to the heterozygous genotype for all 
SNPs except FCN2_A(-134)G, where no heterozygote was identified.  For this SNP the homozygous AA was used as the reference. cIndicates 

genotype was significantly different from the reference genotype at P<0.05 (MASP2_C(433)T TT, P=0.007, TLR1_C(2305)T CC, P=0.01)
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Conclusion

Increased resistance against Salmonella colonization in pigs could reduce food safety concerns by lowering 
Salmonella spread and transmission from farm to fork. These findings indicate that Salmonella shedding in 
pigs is associated with certain genetic variants and suggests that SNPs in innate immune genes could be used 
to breed for pigs that are more resistant to Salmonella colonization and shedding. Further work, including 
the impact of these variants on production parameters, is required to evaluate the potential to include the 
identified genetic markers involved in resistance to Salmonella infection in swine improvement programs in 
the swine genetic industry. This study examined Salmonella shedding at one point in time, (i.e. at weaning) 
but further studies are needed to determine SNPs that are associated with carrier stage and intermittent 
shedding of Salmonella in pigs from birth until marketing
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33. Genomic insight to understand the persistence of Listeria monocytogenes 
strains in processing environments of pork products
Felix, B.*(1); Mariet, JF.(1); Maillet, A.(1); Firmesse, O.(1); Guillier L.(1); Radomski N. (1), Felten, A.(1); Touzain, F.(2); Feurer, C.(3); Mistou, 
MY.(1); Roussel, S.(1) 

Abstract

Listeria monocytogenes (L. monocytogenes) is an ubiquitous bacterium that causes a severe foodborne illness. 
It is established that the contamination of food production facilities over long time period, are potentially one of 
the major food product contamination sources. L. monocytogenes persistence was observed in almost all food 
sectors and particularly in pork production facilities. The characterization of such L. monocytogenes contamination 
is therefore crucial to improve the food safety and prevent outbreaks. These strains are called persistent but this 
trait remains loosely defined, and no genetic determinants have been firmly associated with it. This study aims 
at identifying molecular markers associated with the persistence. A panel of 13 presumed persistent (PP) strains, 
versus 9 strains not exposed to food processing environment (NEP) strains, was constructed from the databases 
of the French Institute for Pig and Pork Industry (Ifip), the French National Reference Laboratory (NRL) and the 
European Union Reference Laboratory (EURL), the last two are hosted by Anses. 

The genome sequences obtained in the present study were compared to 180 genomes of the Anses strains 
reference collection and 340 genomes publicly available. Two analysis were performed on the genomes, (i) 
an allele diversity analysis of 14 loci gathered from a review of significant functions potentially involved in the 
persistence capacity and (ii) a whole genome variant calling analysis to detect single nucleotide polymorphisms 
(SNPs) and insertions, deletions specific of persistent strains.

The preliminary results were obtained on 4 strains. The comparison of these whole genome sequencing 
(WGS) data with those of the whole strain panel is ongoing. 

Introduction

Listeria monocytogenes (L. monocytogenes) is an ubiquitous Gram-positive bacterium responsible for 
a foodborne disease: the listeriosis. Its ability to survive and thrive within the environment and readily 
colonize a wide range of substrates make this bacterium able to persist in the food factory environment. Food 
production facilities are thus potentially one of the major food product contamination sources. 

In France, L monocytogenes contamination in foods is extensively surveyed to improve the food safety and 
prevent outbreaks (Tourdjman et al., 2014). The pork sector was strongly impacted by several health crisis, 
in particular in 1993 (Goulet et al., 1998), 1999 and 2000 (de Valk et al., 2001). At European level, from 2006 
to 2012, L. monocytogenes prevalence in meat products was reported at the second rank for products at risk 
(EFSA-ECDC, 2010, 2014). In USA food authority reports showed the relatedness between consumption of 
contaminated ready to eat deli meats and listeriosis cases (Pradhan et al., 2010).

L monocytogenes can persist in food associated environments for months to years in particular in 
companies that process pork meat (Ferreira et al., 2011, Giovannaci et al., 1999). This study aims to identify 
molecular markers underlying the phenomenon of persistence. For this, we investigated the whole genome 
of a panel of strains presumed persistent (PP), mainly isolated from pork processing environments, versus 
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strains not exposed to processing environment (NEP). PP strains were selected according to the criteria 
defined in the literature (PFGE typing and isolation timeline). The genome sequences obtained in the present 
study were compared to 180 genomes of the Anses strains reference collection and 340 genomes publicly 
available. Two analysis were performed on the genomes, (i) an allele diversity analysis of 14 loci gathered 
from a review of significant functions potentially involved in the persistence capacity and (ii) a whole genome 
variant calling analysis to detect single nucleotide polymorphisms (SNPs) and insertion deletions specific of 
persistent strains.

Material and Methods

Strain origin

A panel of 13 presumed persistent (PP) strains, versus 9 strains not exposed to food processing environment 
(NEP), was selected from the databases of the French Institute for Pig and Pork Industry (Ifip), the French 
National Reference Laboratory (NRL) and the European Union Reference Laboratory (EURL). Persistent strains 
shared indistinguishable PFGE profiles and were isolated regularly in the production chain or in the final 
product during at least one year. When possible, two PP strains were isolated per production site over, at 
least a one year period. In total 8 PP strains were collected from six companies that process pork meat 
(delicatessen producers) and five PP strains were isolated from another production sector (fish processing or 
cheese production). Each PP strain was associated to a NEP strain that share less than 6 bands of difference 
on AscI or ApaI profiles. NEP strains were provided by Anses. These strains were isolated from animal at farm, 
wild animal or raw products.  

PFGE typing

The strains were typed using the Anses protocol (Roussel et al., 2014). All the PFGE profiles were analyzed 
according to the Anses profile interpretation protocol (Roussel et al., 2014). PP and NEP strains AscI and 
ApaI profiles were selected using BioNumerics software V 7.5 (Applied Maths, Kortrijk, Belgium) according 
to number of band differences (tolerance and optimisation set at 1%). All PFGE profiles were compared in a 
UPGMA dendrograms using Dice coefficient optimisation and tolerance set at 1%.

Whole genome sequencing

The strain extraction was performed using Promega Wizard® Genomic kit (Promega, Charbonnieres, 
France) according to manufacturer recommendations with minor modifications. Genomic libraries were 
prepared for sequencing using the Ion XpressPlus Fragment Library kit (Life Technologies, Marly le Roi, 
France). The sequencing was performed on an Ion Proton Plateform (Life Technologies).

Automated genome assembly and annotation 

Raw read quality was assessed with the software FastQC and trimmed using Trimmomatic 0.32. The 
de novo assembling was performed using spades 3.1.1 and mira 4.0rcl in parallel. Contig were rearranged 
on reference genomes using progressivebMauve. Finally the annotation of the genomes was performed 
using the annotation pipeline Prokka against all reference genomes available for L. monocytogenes on 
NCBI. Visualisation and analysis of the genetic loci was performed using the sequence alignment module of 
BioNumerics 7.5.

Bibliographic research of genetic loci potentially involved in the persistence capacity

Major function involved in persistence were selected through reviews dealing with persistence of L . 
monocytogenes. For each major function involved, significant results from proteomic or mutagenesis studies 
were prioritize to select genomic loci shown as essential. For each locus, the gene flanking regions were 
considered.

Results

To date, four strains out of 22 were already sequenced: three PP (1, 6, 20) and one NEP (7). The sequencer 
raw data were assembled and annotated in order to perform the allele diversity analysis, all assembling data 
are given in Table 1. 

Table 1: technical specifications of assembling and annotation


Strains
Number of 

contigs Coverage Contig size
CDS predicted (Prokka 

annotation pipeline)
1 97 119,58 3,11 3486
20 61 85,48 3 3326
7 213 79,72 3,19 3553
6 50 37,41 2,9 3265

Genetic loci used for allele diversity analysis were selected through a bibliographic research of significant genes 
related to three main bacterial functions: cold resistance, biofilm and resistance to disinfectant (Table 2). 

Discussion

Whole genome sequencing (WGS) analysis opened the possibility of genome wide approach for foodborne 
pathogens analysis. The analysis of 14 loci on a large strains panel is made possible by this technology. In the 
continuation of this study, (i) the WGS variant calling analysis will be performed to detect single nucleotide 
polymorphisms (SNPs) and insertion deletion using an automated pipeline to detect small insertions and 
deletions, previously published (Radomski et al., 2015). (ii) The allele diversity analysis of the 14 loci identified 
will be performed in parallel. Specific mutation found on PP strains will be compared to 180 genomes of the 
Anses strains reference collection representative of the L. monocytogenes genetic diversity in food products 
in France over 20 years and 340 genomes publicly available. The final goal is to analyse 30 PP strains at least 
and a minimum of 10 NEP strains related to each single PP. Finally this work would yield PP specific mutations. 
Such specific genetic markers would make out the design of a forthcoming quick molecular detection tool for 
persistence strain detection in food processing environments.
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Table 2: loci targeted through bibliographic research for the allele diversity analysis

Number Main function Genes Product
1 Biofilm pssABCDE Exopolysaccharide operon
2 Biofilm pssZ Exopolysaccharides glycohydrolase
3 Biofilm actA Aggregation factor
4 Biofilm lmo0673-0718 Flagellar operon
5 Biofilm recO DNA gap repare protein
6 Biofilm bapL Peptidoglycane associated protein
7 Biofilm lmo2504 Endopepetidase - nucletidic segregation
8 Biofilm luxS Quorum sensing AI2 biosynthesis protein
9 Biofilm lmo1746 ABC permease transporter - export quorum sensing signal AI2
10 Resistance to desinfectant Tn6188 Transposable element - efflux pump
11 Cold adaptation cspA RNA chaperon protein
12 Cold adaptation cspB RNA chaperon protein
13 Cold adaptation cspD Replication inhibitor
14 Cold adaptation lmo1078 UDP-glucose phosphorilase

Conclusion

This study is a bioinformatics and statistical challenge, with regard to the amount of data generated by 
WGS and the complex genetic background that drives persistence.
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34. Salmonella contamination of pig farm environment, Poland, 2014
Wasyl, D1; Hoszowski, A.1; Bocian, Ł.2; Jabłoński, A.3; Zając, M.1

Although pork is considered an important source of Salmonella infections, the introduction of control 
programs in pig farms are not obligatory in the EU. To resolve current epidemiological situation, monitoring of 
pig farms was introduced in Poland in 2014. The paper reports the first year outputs of the survey. Sampling 
plan targeted breading and fattening herds (150 each) located in all regions of the country, proportionally 
to number and size of the farms. Convenience sampling of each herd included: 1) a pair of boots swabs 
taken during sampling of 2) dust and 3) slurry swabs. Samples were tested according to ISO 6579:2003/
A1:2006 followed by serotyping according to White-Kauffman-Le Minor scheme. Salmonella were found in 
50 out of 281 herds: 21 out of 147 breeding (14,3%) and 29 of 134 (21,6%) fattening herds. Positive results 
were more frequently noted in the herds: 1) located in the region with the highest density of pig farms, 2) 
originating from the biggest farms (≥5000 fatteners or ≥500 saws), 3) fed with commercial feeds, 4) with high 
health status, and 5) with AI/AO procedure. Irrelevant for Salmonella occurrence were: herd production type, 
previous record of salmonellosis, and antimicrobial usage. The pathogen was isolated from all three tested 
samples in seven herds. Two and single sample were positive in, respectively, 10 and 33 herds. Of 14 serovars 
noted, seven were found in breeding herds and 12 in fatteners. Two farms were contaminated with two 
serovars. Monophasic Salmonella Typhimurium was the most common serovar found in 32 samples and 21 
herds, followed by S. Derby (9 herds) and S. Typhimurium (7 herds). The study revealed higher than expected 
frequency of Salmonella contamination of pig farms caused by diverse serovars of public health relevance. 
Some surprising risk factors will be further investigated.

1National Veterinary Research Institute, Department of Microbiology, Puławy, Poland;
2National Veterinary Research Institute, Department of Epidemiology and Risk Assessment, Puławy, Poland;
3National Veterinary Research Institute, Department of Swine Diseases, Puławy, Poland
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35. Epidemiology and control of Salmonella in the pork production chain: the 
approach in a high prevalence country (Spain).
Arguello H., 1 Carvajal A.,2 and Rubio P. 2

Abstract

The present study summarises the insights yielded by different studies focused on the epidemiology 
of the infection by Salmonella through the pig production (breeders, finishers and post-farm stages). The 
final objective is to determine the best strategies for successful control of Salmonella in a highly prevalent 
country such as Spain. The study in breeders evidenced a high seroprevalence. There were differences 
among some of the 10 most common serotypes detected in breeders compared to previous studies in 
finishers, although the two most common were shared by both populations. Type of feed and type of floor 
were the factors associated to the presence of Salmonella. A Salmonella Typhimurium inactivated vaccine 
and two organic acids demonstrated to be good tools to reduce the prevalence in finishers. Finally a study 
of the contamination in post-farm stages evidenced the high contamination of transport, lairage and the 
contamination of the slaughter line, accounting for 70% of carcass cross-contamination.

Introduction

Salmonella is one of the most important food-borne pathogens and pork one of the main sources of 
infection for humans (EFSA, 2014). For this reason control programmes in swine production are common 
in Europe. Spain is one of the main producers of pork in Europe and previous studies have shown that 
Salmonella prevalence in finishing pigs is relevant (García-Feliz et al., 2007). Before considering establishing 
any control programme, more research is needed to establish the best approach to control efficiently the 
pathogen through the pig production chain. The present study summarises the most relevant findings in 
recent years on the study of the epidemiology of Salmonella in Spanish pigs and pork.

Material and Methods

Studies design

• Breeders: Cross-sectional study to determine the bacteriological and serological prevalence as well 
as the risk factors associated to the infection in sows by the association of the results obtained and 
the answers to a questionnaire formulated on each farm.

• Finishers: Considering the high prevalence determined by previous studies, we evaluated the efficacy 
of two control strategies on highly infected farms. First, the administration of organic acids (table 1), 
(a mixture of lactic-propionic-formic-acetic 0.035% in drinking water and potassium-diformate 0.5% 
in feed; and second the usefulness inactivated-vaccine (S.Typhimurium).

• Post-farm: Study of the epidemiology of the infection in transport, lairage, and slaughtering. Double 
study (1) monitoring of 16 batches from farm to slaughterhouse (2) study of the environmental 
contamination in 4 abattoirs (lairage, slaughter line, carcasses and cutting plants).
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Methods

Salmonella isolation: Following the annex D of the ISO method 6579/2007 for the isolation of Salmonella 
from primary production samples.

• Blood analysis: Using a commercial ELISA (Herdchek Idexx). Results were analysed at 20%, 40% OD 
cut-offs.

• Typing methods: Salmonella isolates were serotyped by slide agglutination following the Kauffmann-
White scheme. Further typing was performed by PFGE (S. Derby) and MLVA (S. Typhimurium). More 
information in (Arguello et al., 2013a)

Results

Breeders: The study performed in 309 herds evidenced, by serology and bacteriology, the presence of 
Salmonella in 60% of the herds. S. Rissen, S. Typhimurium and S. Derby were the main serotypes detected. 
From the 10 most common serotypes found, four were different to a previous study in finishing pigs (Garcia-
Feliz et al., 2007). The analysis of risk factors revealed that pelleted feed and individual housing were linked 
to herds with Salmonella, while slatted floor was pointed out as protective factor.

Finishers: Three trials were performed using two different combinations of organic acids in water or 
feed (trials A, B and C). The use of organic-acids during the last 6 weeks of finishing reduced the risk of 
finding seropositive pigs and faecal shedding at the end of the treatment, regardless of the acid used or 
the administration via (water/feed). The protection conferred by a S. Typhimurium-inactivated vaccine was 
demonstrated by the reduction of shedders (six times compared to control animals), when a homologous 
infection was established; while no protection was achieved in herds infected by serotypes different from S. 
Typhimurium (S. Rissen infection).

Post-farm

The monitoring study evidenced an increase in contamination from farm (faeces) to the slaughterhouse 
(caecum content, lymph nodes and carcasses) in the tracked animals (table 2). Carcasses prevalence was 7 
times higher than shedders prevalence on farm. The increase in the number of positive pigs in caecum and 
lymph nodes compared to faecal samples was linked to new infections occurring in holding pens. Molecular 
typing of isolates obtained from the carcasses revealed that cross contamination occurred in 75% of the 
positive carcasses.

The evaluation of the environment in four slaughterhouses confirmed the contamination of the lairage through 
the day (table 3). Contamination in the slaughter line was detected in manual activities such as evisceration or 
lard and fat removal. Carcass prevalence was reduced after chilling and cooling. Molecular typing of the isolates 
revealed that there was a continuous flow of Salmonella introduced by positive pigs, thus molecular profiles (PFGE 
or MLVA) detected in the slaughter line activities or carcasses at the beginning of the day were different to half 
working or the end of the working day.

Discussion

As a result of the control of Salmonella in poultry and laying hens, the incidence of human cases has dropped 
down significantly (EFSA, 2014). In contrast, the role of pork products has been enhanced due to the lack of 
compulsory control programmes in pig production. The epidemiology of Salmonella is complex. Before establishing 
any control programme, any country should perform studies to evaluate which stages of the production chain 
should be included in the control. In the present study, we summarise the main results from a number of studies 
performed throughout the pig production chain in Spain (Arguello et al., 2012; 2013a; 2013b; 2013c).

The cross-sectional study evidenced a high prevalence in breeders. There is more research needed to 
establish the role of breeding pigs in the transmission of the infection and requirements of control in this 
stage. Low cost solutions such as vaccination, the use of meal instead pelleted feed or slatted –floors instead 
of concrete could reduce the Salmonella prevalence in breeding herds.

The high prevalence in finishing pigs determined in previous studies (Garcia-Feliz et al., 2007) makes of 
paramount importance to find strategies to reduce the burden of Salmonella on this stage. Organic acids have 
been pointed out as a potential tool to control the pathogen (Creus et al., 2007). Two organic acids were tested 
and results support previous studies. The results of the study show that strategic administration of effective organic 
acids can reduce the prevalence of Salmonella before slaughtering. A similar result was obtained by an inactivated 
S. Typhimurium vaccine on farms infected by this serotype. Vaccines are another useful tool to control the infection 
(Arguello et al., 2013b; De Ridder et al., 2014).

The post-farm studies evidenced and highlighted their importance in a potential control programme in 
Spain. Special attention should be paid to the cleaning and disinfection of transport and lairage to minimise 
new infections in both stages. At the same time the studies stressed the importance of including these stages 
in a potential control programme, by the inclusion of improved cleaning protocols and establishment of CCP 
and GMP within HACCPs.

Conclusion

In conclusion, the present manuscript summarises the information of different studies performed in Spain, 
the gained information together with the obtained in previous and subsequent studies should be considered 
to elaborate a potential control programme.
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Table 1. Characteristics of the treatments on farms participating in three trials (A, B and C) to evaluate the effect of the administration 
of organic acids, by water or feed, on the prevalence of Salmonella infection at the end of the fattening.

Clinical 
Trial

Treatment 
duration1 Organic acid Administration

A 40 days
Lactic (56%) Formic (23%) 
Propionic (13%) Acetic (5%)

By water
0.035 ml/l

B 52 days Potassium diformiate
By feed
0.5 kg/Tn

C 49 days Potassium diformiate
By feed
0.5 kg/Tn

Table 2. Salmonella prevalence in the samples collected in the monitoring of 16 batches from farm to the abattoir.

Stage Farm Transport Lairage Caecum MLN1 Carcass

Prevalence 5.6% 23.7% 85% 33% 18.2% 57.5%

1 MLN. Mesenteric lymph nodes

Table 3. Mean prevalence of Salmonella obtained in the environmental study performed in four Spanish slaughterhouses.

Abattoir Lairage Slaughter Line Carcass

A 80 10 35

B 76 56 36

C 66 31 38

D 75 49 47

Antimicrobials in swine production, antimicrobial resistance, alternative 
strategies to antimicrobial use

36. Effects of the additives growth promoters on intestinal histology, ammonia, 
volatile fatty acids and ph of weanling pigs challenged with E.coli K88+
Andrade, C.1; Costa, L. B.1; Weber, S.H.1; Miyada, V.S.2; Nyachoti, C.M.3

The purpose of this study was to evaluate the effects of different additives as an alternative to antibiotic 
growth promoter on intestinal histology, production of ammonia, volatile fatty acids (VFA) and pH content of 
weanling pigs challenged within E.coli K88+.Thirty-six 17-d old weaned pigs, averaging 4.58 ± 0.45 kg initial 
BW, were used in a randomized complete block design experiment with 6 treatments, 6 replications per 
treatment and 1 animal per pen (experimental unit). The treatments were: negative control (NC) - basal diet; 
positive control (PC) - basal diet with 100 mg/kg of chlortetracycline; SB – basal diet with 2,000 mg/kg of 
sodium butyrate; HE – basal diet with 500 mg/kg of herbal extracts (25% thymol, 22% cinnamaldehyde, 16% 
eucalyptus, 14.5% melaleuca, 9% Echinacea, 8% ginger extract, 4.5% capsaicin); HE+SB+P – basal diet with 
2,000 mg/kg of a combination of herbal extracts + sodium butyrate + polysacarrides (mixture of inactivated 
yeast and yeast extracts of Saccharomyces cerevisiae) and HE+SB – basal diet with 2,000 ppm of a combination 
of herbal extracts and sodium butyrate. Pigs were infected on day 7 with 109 CFU of E.coli K88+ suspended 
in 6 ml PBS to induce sub-clinical post-weaning colibacillosis (PWC). At the end of the experimental period 
(14th d), the animals were slaughtered to evaluate villus height and crypt depth in the ileum, and VFA (acetic, 
propionic, butyric, isobutyric and lactic) in the colon and ileum and pH content. Data were analyzed using the 
Statgraphics® 4.1 software program. Treatments did not affect (P>0.05) ammonia, pH, and VFA in the colon. 
However, acetic acid in the ileum was higher (P<0.01) for animals fed PC, SB and HE+SB. Pigs fed PC had higher 
crypt depth (P=0.02) than NC, SB, HE+SB+P and HE+SB.Therefore, SB, HE+SB+P and HE+SB can improve the 
intestinal histology without affecting ammonia and pH content.

*Rodovia BR 376 – Km 14, 83010-500, São José dos Pinhais, PR, Brazil. 
corresponding author: carlazoobr@yahoo.com.br; fax: +55 41 32994363
1PUCPR;
2ESALQ - USP;
3University of Manitoba
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37. Effects of the additives growth promoters on performance, diarrhea incidence 
and relative weight of organs of weanling pigs challenged with E.coli K88+

Costa, L.B.1*, Andrade, C.1, Weber, S.H.1, Miyada, V.S.2, Nyachoti, C.M.3

 The purpose of this study was to evaluate the effects of different additives as an alternative to antibiotic 
growth promoter on performance, diarrhea incidence and relative weight of organs of weanling pigs 
challenged with E.coli K88+.Thirty-six 17-d old weaned pigs, averaging 4.58 ± 0.45 kg initial BW, were used 
in a randomized complete block design experiment with 6 treatments, 6 replications per treatment and 1 
animal per pen (experimental unit). The treatments were: negative control (NC) - basal diet; positive control 
(PC) - basal diet with 100 mg/kg of chlortetracycline; SB – basal diet with 2,000 mg/kg of sodium butyrate; 
HE – basal diet with 500 mg/kg of herbal extracts (25% thymol, 22% cinnamaldehyde, 16% eucalyptus, 14.5% 
melaleuca, 9% Echinacea, 8% ginger extract, 4.5% capsaicin); HE+SB+P – basal diet with 2,000 mg/kg of a 
combination of herbal extracts + sodium butyrate + polysacarrides (mixture of inactivated yeast and yeast 
extracts of Saccharomyces cerevisiae) and HE+SB – basal diet with 2,000 ppm of a combination of herbal 
extracts and sodium butyrate. Pigs were infected on day 7 with 109 CFU of E.coli K88+ suspended in 6 ml 
PBS to induce sub-clinical post-weaning colibacillosis (PWC). At the end of the experimental period (14th d), 
the animals were slaughtered to evaluate the relative weight of organs (stomach, small intestine, colon, liver 
and spleen). Data were analyzed using the Statgraphics® 4.1 software program. No effects (P>0.05) of the 
treatments were observed on animal performance during any of the periods investigated (1-7 d and 7-14 d). 
Pigs fed NC and HE+SB had higher (P=0.0053) diarrhea incidence (9.03 and 10.07%) than those of PC (4.17%) 
and SB (5.56%). Pigs fed NC had higher liver weight (P=0.0249) than PC and HE+SB. Therefore, PC can be 
replaced by SB in weanling pig diets.

 

1School of Agricultural Sciences and Veterinary Medicine, Department of Animal Science, São José dos Pinhais, PR, Brazil.
2Escola Superior de Agricultura “Luiz de Queiroz”, Department of Animal Science, Piracicaba, Brazil.
3Manitoba University, Department of Animal Science, Winnipeg, Manitoba, Canada.
*Rodovia BR 376 – Km 14, 83010-500, São José dos Pinhais, PR, Brazil.
corresponding author: batista.leandro@pucpr.br; fax: +55 41 32994363
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38. Antimicrobial susceptibility of Brachyspira hyodysenteriae isolated in Italy from 
2005 to 2013.
Magistrali, C.F. 1*,Massacci, F.R.1, Cucco, L.1, Scoccia, E.1, Luppi, A.2, Bonilauri, P.2,Biasi, G.2, Maresca, C.1,Merialdi, G.2

ABSTRACT

Swine dysentery (SD) is a severe colitis of pigs caused by Brachyspira hyodysenteriae (Harris, 1999). The 
control of SD is still mainly based on the use of few antimicrobials, such as pleuromutilins, macrolides and 
lincosamides.

However more than half of the Italian isolates of B. hyodysenteriaewere shown to be resistant to 
pleuromutilins, with a significant increasing trend in the last 10 years (Rugna, 2015).

The aim of this study was to compare the susceptibility of Brachyspira hyodysenteriae versus tiamulin, 
valnemulin, doxycycline, aivlosin, lincomycin and tylosin.  

The antimicrobial susceptibility of 206 B.hyodysenteriae isolates from Italian herds from 2005-2013 was 
evaluated by a broth microdilution test. The MIC values were interpreted using clinical breakpoints (Ronne 
and Szancer, 1990) and epidemiological cut-offs (Pringle, 2012). The vast majority of the isolates (above 80%, 
approximately) showed MIC values above the epidemiological cut offs, indicating a previous exposure to 
antimicrobials. 

Moreover, most isolates (98%) were clinically resistant to tylosin, about half (56%) to lincomycin and 
roughly a third (34%) to tiamulin. 

Furthermore, a significant increase of non-susceptible isolates (resistant or intermediate) was seen for 
both lincomycin and tiamulin from 2008 to 2013. A non-negligible proportion of isolates (54%) showed no 
susceptibility to tylosin, lincomycin and tiamulin, with a significant increase from 2010 to 2013 compared 
to 2008. Finally, a correlation was found between the non-wild type status of isolates to aivlosin and tylosin 
(p=0.025) and between non-wild type status of isolates to tylosin and lincomycin (p=0.016).

In conclusion, the decreased susceptibility of Italian isolates of B. hyodysenteriae is not restricted to 
pleuromutilins, but involves most of the antibiotics used for the control of SD. An increase of multiresistant 
isolates was recorded in the last eight years, posing a significant threat to pig industry. 

INTRODUCTION

Swine dysentery (SD) is a severe muco-haemorrhagic colitis of pigs resulting from colonization of the 
large intestine by anaerobic intestinal spirochete Brachyspira hyodysenteriae (Harris, 1972). Where B. 
hyodysenteriae infection is endemic, SD is a major cause of severe economic losses for the pig industry (Rohde, 
2004).Traditionally, control of SD was based on the use of antimicrobials in feed. Pleuromutilins, macrolides 
and lincosamides are essential for treatment of SD (Pringle, 2012). However, resistance to pleuromutilins 
has increased over the past twenty years (Molnar, 1996; Rohde, 2004). In Italy this phenomenon was 
described for the first time in 2004 (Bonilauri, 2004). More recently, more than half of the Italian isolates of 
B. hyodysenteriae were shown to be resistant to pleuromutilins, with a significant increasing trend in the last 
10 years (Rugna, 2015). At the same time, multi-resistant strains of B. hyodysenteriae, showing a decreased 
susceptibility to pleuromutilin, macrolides and lincosamides, have been isolated across Europe (Hidalgo, 
2011; Sperling, 2011).
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The aim of this study was to compare the susceptibility of isolates of B. hyodysenteriae from Italian pig 
herds to pleuromutilins, doxycycline, aivlosin, lyncomycin and tylosin.

MATERIALS AND METHODS

Brachyspira hyodysenteriae isolates

B. hyodysenteriae Italian isolates (n=206) were taken from the strain collections of the Istituto Zooprofilattico 
Sperimentale dell’Umbria e delle Marche (IZSUM) and the Istituto Zooprofilattico della Lombardia e della 
Emilia Romagna, Reggio Emilia. The isolates originated from diagnostic submissions received in 2005- 2013 
from Italian pig herds. The species attribution of the isolates was confirmed by the assessment of strong 
haemolysis, microscopy and species-specific PCR (La, 2003). The cultures were stored at -80°C.

Susceptibility testing by agar dilution

Thawed isolates were grown on fastidious anaerobe agar supplemented with 10% equine blood (FAA) 
(National Veterinary Institute, Uppsala, Sweden) for three days at 42°C prior to susceptibility testing. The 
purity of all isolates was assessed by phase contrast microscopy. The MICs of tiamulin, valnemulin, tylosin, 
aivlosin, doxycycline and lincomycin were determined by broth dilution in VetMICBrachy panels (SVA, Uppsala, 
Sweden) as described previously (Rohde,2004). Briefly, bacteria harvested from FAA were suspended in 
brain heart infusion (BHI) broth to an estimated concentration of 108 ufc/ml. From this suspension, 300 μl 
was transferred to 30 ml BHI broth, supplemented with 10% fetal calf serum, to obtain a final inoculum 
concentration of 106 ufc/ml. Each well was filled with 500 μl of the inoculums. The panels were incubated in 
square GENbox anaerobic jars with GENboxanaer generator sachets (bioMèrieux) for 4 days on a shaker at 
37°C. The MIC was set as the lowest concentration of the antimicrobial agent that prevented visible growth. 
Strain B78T (B. hyodysenteriae, ATCC 27164) was used as a control.
The following concentrations of antimicrobials were tested:

Tiamulin: 0.063 μg/ml, 0,125 μg/ml, 0.25 μg/ml, 0.5 μg/ml, 1 μg/ml, 2 μg/ml, 4 μg/ml,8 μg/ml; Valnemulin: 
0.031 μg/ml, 0.063 μg/ml, 0.125 μg/ml, 0.25 μg/ml, 0.5 μg/ml, 1 μg/ml, 2 μg/ml, 4 μg/ml; Doxycycline: 0.125 
μg/ml, 0,25 μg/ml, 0.5 μg/ml, 1 μg/ml, 2 μg/ml, 4 μg/ml, 8 μg/ml, 16 μg/ml; Aivlosin: 0.25 μg/ml, 0,5 μg/
ml, 1 μg/ml, 2 μg/ml, 4 μg/ml, 8 μg/ml, 16 μg/ml, 32 μg/ml; Lincomycin: 0.5 μg/ml, 1 μg/ml, 2 μg/ml, 4 μg/
ml, 8 μg/ml, 16 μg/ml, 32 μg/ml, 64 μg/ml; Tylosin: 2 μg/ml, 4 μg/ml, 8 μg/ml, 16 μg/ml, 32 μg/ml, 64 μg/
ml, 128 μg/ml.

The MIC values were interpreted using clinical breakpoints (Ronne and Szancer, 1990) and epidemiological 
cut-offs (Pringle, 2012). 

Statistical analysis

Statistical analysis was performed with the χ for trend, each year from 2008 to 2013, with a p≤0.05 level 
of significance. To underline the strength of association, Odds Ratios (OR) with 95% confidence intervals (95% 
CI) were calculated.

RESULTS

The vast majority of the isolates showed MIC values above the epidemiological cut-offs (91% for tiamulin, 
99% for lincomycin and 98% for tylosin), indicating a previous exposure to antimicrobials (Table 1). 

Table 1: proportion of isolates classified as wild/non wild, according 
to the epidemiological cut-offs indicated by Pringle (2012)

Antimicrobial agents Wild (%) Non wild (%)

Tiamulin 9.2 90.8

Valnemulin 18.9 81.1

Doxycycline 6.3 93.7

Aivlosin 3.1 96.9

Lincomycin 0.97 99.3

Tylosin 1.97 98.3

Moreover, most isolates (98%) were resistant to tylosin, about half (56%) to lincomycin and roughly a third 
(34%) to tiamulin (Table 2).

Table 2: proportion of isolates classified as resistant, intermediate and susceptible, 
according to the clinical breakpoints indicated by Ronne and Szancer (1990)

Antimicrobial
agents

Resistant (%) Intermediate (%) Susceptible (%)

Tiamulin 34 21,8 44,2

Valnemulin 29,2 21,8 49

Lincomycin 55,5 34,5 10

Tylosin 98 1 1

A significant increase of non-susceptible isolates (resistant or intermediate) was seen for tiamulin 
(p=0.0328) compared to 2008, the ORs being 8.4, 4.65 and 4.44 in 2011, 2012 and 2013, respectively. A 
similar increasing trend was observed for lincomycin (p=0.0276). The same evaluation could not be done for 
tylosin, because no susceptible isolate had been detected for three consecutive years.

About half the isolates (54%) showed no susceptibility to tylosin, lincomycin and tiamulin, so they were 
classified as multi-resistant. A significant increase in the proportion of multi-resistant isolates was observed 
(p=0.0039) from 2011 (OR=8.4) to 2013 (OR=4.32) compared to 2008 (Figure 1). 
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Figure 1: Line graph showing the proportion of multi-resistant B. hyodysenteriae isolates from 2005 to 2013.

Finally, a correlation was found between the non-wild type status of isolates to aivlosin and that of isolates 
to tylosin (p=0.025). The same correlation was found between non-wild type status of isolates to tylosin and 
that of isolates to lincomycin (p=0,016).

DISCUSSION

Epidemiological cut-offs give indications on the presence of acquired and mutational resistance mechanisms 
to a drug, and they are used to monitor changes of susceptibility in a bacterial population (Pringle, 2012). 
Most of the isolates included in the present study showed MIC values above this threshold, indicating a 
previous exposure to these antimicrobial agents. In some cases, such as in the case of aivlosin, the drug has 
only recently been approved for use in pigs in Italy and a previous exposure to this antimicrobial does not 
seem probable. However, a cross-resistance phenomenon can be postulated to explain this finding. In our 
study, a correlation was found between the non-wild type status of isolates to aivlosin and that of isolates to 
tylosin, an antimicrobial which has been extensively used in Italian pig production. This is in agreement with 
other authors, who indicated a possible cross-resistance mechanism between tylosin and aivlosin (Pringle, 
2012). 

Epidemiological cut-offs do not give indication on the susceptibility of B. hyodysenteriae isolates to 
therapy, this can instead be derived using the clinical breakpoints. However, these breakpoints have never 
officially been established for this bacterium. Therefore, the interpretation of MIC results is still based on 
the thresholds indicated by Ronne and Szancer in 1990, which do not include all the antimicrobials available 
today. According to the available clinical breakpoints, most of the isolates tested in this study showed poor 
susceptibility to the drugs approved for the control of SD. This reduced susceptibility is confirmed by the 
frequent reports of poor response to antimicrobial therapy on the field and it probably originated from the 
continuous treatment with antibiotics of herds affected by SD. It should be noted that this study is based on 
passive sampling, and these results are not to be considered representative of B. hyodysenteriae susceptibility 
prevalence in Italian pig herds. We can reasonably presume that the most severe cases, undergoing repeated 
treatment failures, were selected. However, in our study the decreased susceptibility involves most of the 
antibiotics used for the control of SD, with an increase of multi-resistant isolates in the last eight years. The 
presence and spread of these isolates can make the antibiotic therapy of SD ineffective and pose a significant 
threat to the pig industry. 

To prevent a scenario in which no efficacious antimicrobial agents will be available to control SD, a more 
rational use of antibiotics and programmes for the eradication of B. hyodysenteriae, are strongly suggested. 
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39. Associations between vaccination and antimicrobial consumption in Danish  
pig herds, 2013
Temtem, C. *(1), Alban, L.(2), Pedersen, K.S. (2), Nielsen, L.R.(3)

Abstract

Antimicrobial agents are being used in modern swine production worldwide, generating concern in 
regards to the development of antimicrobial resistance. Identifying efficient alternatives has therefore 
become a subject of interest. The aim of this study was to explore the impact of routinely used vaccination 
as an alternative to antimicrobial consumption in weaner pig herds. The hypothesis was that herds with 
increased use of vaccination would have a lower antimicrobial consumption. Data were obtained from the 
Danish VetStat database in which prescriptions of medication for livestock are recorded as well as the Danish 
Central Husbandry Register. All Danish one-site pig herds, active in year 2013, with >50 sows and >200 
weaners were selected for the study. Initially, data were analysed using a univariable model, and secondly 
a multivariable linear regression model was applied. The analyses included use of three different vaccines 
against Porcine Circovirus Type 2 (PCV2), Mycoplasma hyopneumoniae (M_HYO) and Lawsonia intracellularis 
(LAW), respectively, as well as annual production measured as number of weaners produced in a year. The 
outcome was the average antimicrobial consumption measured in animal daily does (ADD) per weaner pig. 
Out of the 1,513 herds selected for the study, 1,415 herds had antimicrobials prescribed for gastrointestinal 
disorders, and 836 for respiratory disorders. PCV2 vaccine was used in 880 herds, M_HYO vaccine in 787 and 
LAW vaccine was the least used, with 115 herds using it. The results suggested that antimicrobials to some 
extent were being used for other disease categories than those officially prescribed by the veterinarians. On 
average, herds using the different combinations of vaccines had higher use of antimicrobials than herds not 
using the vaccines – probably as a result of health problems in the herds existing prior to the initiation of 
vaccine use. Information about vaccination protocols, health status, biosecurity, and management practices 
was not available limiting the ability to assess causality.

Introduction

In the European Union (EU), antimicrobials (AM) are used extensively in veterinary medicine for therapeutic 
purposes, as metaphylactic treatment, or as prophylaxis to prevent disease (Aarestrup et al., 2008; Barton, 2014). 
This has led to concerns about the potential risk of the development of antimicrobial resistance (AR) in animals 
and the transfer of resistance factors from animals to humans, through zoonotic bacteria or consumption of 
animal products (Aarestrup et al., 2008; Allen et al., 2013; Seal et al., 2013). In Denmark, there has been political 
and public focus on this issue since the 1990s (Bager, 2000). As a result, a series of events emerged: phasing out 
of the use of AM as growth promoters; limited veterinary profit from sales of AM to 5-10% and development of 
guidelines for prudent use of AM. Moreover, in 2010 the Danish veterinary authorities adopted the Yellow Card 
initiative, a scheme that sets threshold limits to AM use in swine farms (Alban et al., 2013). That same year, an 
industry ban was implemented  to stop the use of cephalosporins (Alban et al., 2013; Jensen & Hayes, 2014). 
The measures listed above reflect the increasing political pressure that is forcing Danish pig producers to reduce 
the usage of AM in their farms. Therefore, efficient alternatives to routinely applied AM have become crucial. 
Vaccines are being considered as means to decrease the burden of animal diseases and also to reduce the need 
of AM for therapeutic purposes (Allen et al., 2013). However, the extent of using vaccination as an alternative to 
AM will depend on its cost, effectiveness and ease of use (Allen et al., 2013).
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To explore the impact of further use of vaccination as an alternative to AM, the present study was carried 
out using data from Danish pig herds covering the year 2013. The aim was to investigate overall associations 
between vaccination against PCV2, M_HYO and LAW and antimicrobial consumption (AC). The hypothesis 
was that herds with increased use of vaccination would have a lower AC.  

Material and Methods

The data used in this study were obtained from VetStat and the Danish Central Husbandry Register. All 
Danish one-site pig herds, active in the year 2013, with >50 sows and >200 weaners were selected for the 
study (N=1,513 herds). In VetStat, the AC is divided into three age groups: sows with piglets, weaners (7 – 30 
kg), and finisher pigs. Moreover, the indication the AM were prescribed for is recorded. Only the AC for the 
weaners was taken into account in the present analysis. In Denmark there are 8 weeks between batches 
in the nursery. This implies that 52/8 = 6.5 weaners can be produced per year per pen place. Therefore, a 
conversion factor of 6.5 was used to go from the number of pen places to the number of weaners produced 
per pen place per year.

For each of the 1,513 herds, a variable was created to reflect the AC per weaner produced per year (2013). 
This variable was calculated using the total administered animal daily does (ADD) in weaners in 2013, for 
each herd, divided by the number of pen places for weaners, multiplied by 6.5. Also, to be able to assess 
if the production level had an influence on the AC in weaners, the annual production (AP) of weaners was 
estimated for each herd by using the number of pen places for weaners multiplied by 6.5. 

For this study, the AC in weaners is presented by treatment indication. This allows for investigation of 
biologically meaningful correlations of the AC in weaners and the different vaccinations applied. Three 
different outcomes were analysed: (1) total AC (TAC) covering all diagnostic groups as applied in VetStat: a) 
reproduction, urogenital system; b) udder; c) gastrointestinal system; d) respiratory system; e) joints, limbs, 
hooves, central nervous system, skin and f) metabolism, digestion, circulation); (2) AC with gastrointestinal 
indication only (ACGI) and (3) AC with respiratory indication only (ACRI). All analyses were carried out in 
R (version 3.1.2). Univariable analyses were performed for TAC, ACGI, and ACRI, respectively. A t-test was 
conducted for each of the three types of vaccination comparing herds using the vaccine versus herds which 
did not use the vaccine. Subsequently, multivariable analyses were performed for 1) TAC, 2) ACGI, and 3) ACRI 
as three individual outcomes. The explanatory variables were AP and vaccine use. The latter variable had 
eight levels which reflected all combinations between the three different vaccines. It was tested whether AP 
was significantly associated with the response and whether it acted as a confounder by being associated with 
the vaccine use. A P-value < 0.05 was used as threshold for statistical significance.

Results

Out of the 1,513 herds selected for the study, all of them had AM prescribed for the total of diagnostic 
groups, 1,415 had AM prescribed for gastrointestinal disorders, and 836 for respiratory disorders. Concerning 
the different vaccines, 880 herds used the PCV2 vaccine, whereas M_HYO vaccination was used in 787 herds, 
and LAW vaccination was the least used vaccine, with just 115 herds using it. In the following the mean ADD 
per weaner per year will be reported as ADD.

Univariable analysis

Concerning TAC: herds using PCV2 vaccination (TAC=103.9 ADD, p<0.0001) or M_HYO vaccination 

(TAC=106.4 ADD, p<0.0001) had a higher mean of AC per weaner than herds not using each of these vaccines 
(TAC= 86.3 ADD and TAC=85.9 ADD, respectively) whereas herds using LAW vaccination had a lower mean of 
AC (TAC=85.6 ADD, p=0.04) than the ones not using it (TAC= 97.4 ADD). The AP explained 0.5% of the variance 
in TAC (R2=0.005, F=8.6, p=0.004). 

Regarding ACGI: herds using PCV2 vaccine (ACGI=72.2 ADD, p=0.01) had a notably higher mean of AC than 
those not using it (ACGI=64.6 ADD). The AP had no influence on the ACGI (p=0.5). 

Regarding ACRI: herds using M_HYO vaccination (ACRI=48.2 ADD, p=0.0006) had a substantially higher 
mean ACRI than herds not using the vaccine (ACRI=34.0 ADD). On the contrary, herds using LAW vaccination 
(ACRI=22.2 ADD, p<0.0001) had only half mean ACRI compared to those not using the vaccine (AC=44.5 ADD). 
AP had no influence on ACRI (p=0.6).

Multivariable analysis

Regarding TAC, the results revealed that a model containing AP and different combinations of vaccines 
explained a total of 3% of the variance in the AC (R2=0.03, F=7.2, p<0.001). The output of the model also 
showed that, when the AP increases by 1000 weaners, the ADD per weaner per year (TAC), increases by 4 
ADD. The use of M_HYO vaccination alone (N=221) or together with PCV2 vaccination (N=507) was associated 
with a statistical higher TAC than group 0 representing use of none of the three vaccines (N=380): TAC was 
19.9 and 31.8 ADD higher per weaner compared with group 0, respectively. The use of only PCV2 vaccination 
(N=290) was associated with 15.3 ADD per weaner more when compared to group 0. The rest of the groups, 
reflecting the remaining vaccine combinations, were not associated with statistically different levels of TAC 
(p>0.05). 

Regarding ACGI, PCV2 vaccination was the only significant variable and explained 0.4% of the variance in 
the ACRI (R2=0.004, F=6.1, p=0.01). Herds using PCV2 vaccination (N=830) were associated with a statistically 
higher (7.6 ADD) ACGI, than herds not using this vaccination (N=585). 

In relation to the ACRI, the results indicated that the variable representing different combinations of 
vaccines explained 2% of the variance in the ACRI (R2= 0.02, F=3.5, p=0.001). This final model suggested that 
use of M_HYO vaccination alone (N=134) or in combination with PCV2 vaccination (N=349) was associated 
with a higher ACRI, compared to group 0. M_HYO vaccine alone was associated with 24.7 ADD more per 
weaner compared to group 0; and M_HYO+PCV2 vaccination with 17.3 ADD more (ACRI) compared to group 
0. The changes in ACRI associated with the remaining vaccine combinations were not statistically significant 
(p>0.05).

Discussion

LAW vaccination is used to prevent proliferative enteropathy (Stege et al., 2000). Thus, it would have been 
expected that ACGI would have been reduced in herds using the vaccine instead of the ACRI, as shown in 
our results. This could suggest that – too some extent – AM are being used for other disease categories than 
those officially prescribed by the veterinarians. Certain AM, such as some doxycyclines, are not registered 
for treating infections with gastrointestinal indication in Denmark, although they are known to be effective 
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in everyday practice (contact to Danish pig veterinarians). These findings are in agreement with previous 
studies and suggest that using this vaccine could reduce the amount of AMs used in pig herds – see e.g. Bak 
and Rathkje (2009) and Thaker and Bilkei (2006).
However, the results of the multivariable analyses revealed that when taking into account all three vaccines 
simultaneously, the differences in AC between the groups that used LAW vaccination and those that did not 
use it, were no longer statistically significant. This probably because only 62 herds (7.4%) used this vaccine – 
hence the effect was “diluted” in the large analysis. 

Herds using M_HYO vaccination had a higher ACRI than herds not using it. It is likely that these herds had 
previously detected M_HYO and, subsequently, had had a higher ACRI because of need to control M_HYO 
infection. Thacker and Minion (2012) point to the predisposition of M_HYO–infected animals to secondary 
invaders, especially other pulmonary pathogens. Another explanation is that these herds could have been 
using AM with the aim of preventing respiratory disorders and, after detecting M_HYO, started the vaccina-
tion as a complementary tool. This approach makes sense, since  pigs treated with AM such as tetracyclines 
and macrolides have less clinical signs and a lower number of secondary infections (Vicca et al., 2004;Cip-
rián et al., 2012). Moreover, vaccination is associated with reduced clinical signs, diminished lung lesions 
and fewer treatment costs (Maes et al., 1999).

Herds using PCV2 vaccination had a higher ACGI than those not using it. PCV2 is associated with enteritis, 
which may explain the higher ACGI for vaccination and, at the same time higher ACGI weaners. Above all, 
the weaners as an age group are associated with gastrointestinal inflammation, increased permeability 
of the gut (Moeser and Blikslager, 2007) and high occurrence of diarrhoea that may lead to high AM use 
(Oostindjer et al., 2014). These herds could also have initiated routine to PCV2 vaccination with the aim of 
preventing various other clinical syndromes which PCV2 can be linked to (Tomás et al., 2008). Moreover 
this vaccination has been associated with decreased mortality rate and increased average daily weight gain 
(Kristensen et al., 2011).

Herds that used both M_HYO and PCV2 vaccines were associated with a higher ACRI when compared to 
those not using any of the three vaccines. However, when M_HYO and PCV2 were used together, ACRI were 
lower than the ones just using M_HYO. This suggests that the use of both vaccines might provide a better 
immune protection to the animals than the use of M_HYO on its own and therefore, reducing the need for 
AM. In fact, interaction between both of these agents has been described previously (Harms et al., 2002; 
Kim et al., 2003). Herds that used both M_HYO and PCV2 vaccines were associated with increased TAC com-
pared to the ones not using any of the three vaccines. In this situation, is possible that presence of M_HYO 
amplified the persistence of PCV2, that is in agreement with previous studies (Opriessnig et al., 2004). Thus, 
being the ones with a higher TAC. Another possibility is that these herds have been using AM routinely with 
the aim of preventing/treating early health problems and, after detection, started vaccination against both 
of these agents. Results also showed a lower TAC in herds which used PCV2 vaccination alone compared 
to herds that used both PCV2 and M_HYO vaccines. These findings are in agreement with an experimental 
study undertaken by Seo et.al (2014), which aimed at determining the effects of both vaccines in disease 
severity. On the other hand, PCV2 is linked with several disease syndromes. Thus, protection by vaccination 
may be justified to use less AM for various indications. 

The F-statistics for the final models suggest a strong association between the AC and the use of vaccines. 
However, the adjusted squared correlation coefficient (R2) for all three final models was low, which means 
that other unknown factors are important to describe the variation in AC. Some of the possible factors are: 
(1) vaccination protocols, (2) time of vaccination, (3) use of other vaccines, (4) herd health status, (5) internal 
and external biosecurity, (6) management practices, (7) turnover of animals in each herd and (8) requirement 

from buyers of weaners. At the time of this study, this information was not available limiting the ability to 
assess causality.

 

Conclusion

On average, herds using the different combinations of vaccines had higher use of antimicrobials than 
herds not using the vaccines – probably as a result of health problems in the herds existing prior to the use 
of vaccination. 
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40. Evolution of antimicrobial resistance of Salmonella isolates from pigs in Belgium
Brossé, C.1 ;Peeters, L.2; Van Praet, W.1; Pierré, E.1; Vandenbroucke, V.1; Boyen, F.3; Pasmans, F.3; Dewulf, J.2; Maes, D.2

The aim of the present study was to investigate the antimicrobial sensitivity of Salmonella isolates from 
pigs between 2011 and 2015. In total, 275 Salmonella isolates from samples originating from pigs sent in 
for diagnostic examination at Animal Health Care Flanders were tested for their sensitivity against different 
antimicrobials. Except for colistin, where the disk prediffusion test was used, the disk diffusion test was used. 
E. coli ATCC 25922 was used as reference isolate and the interpretative breakpoints were based on the Clinical 
and Laboratory Standards Institute.

Resistance of Salmonella against most aminoglycosides was low (max. 5.3%), except for spectinomycin. The 
percentage of isolates resistant to this antibiotic increased from 7% in 2011 to 18.7% in 2014. Paromomycin 
was not tested. The percentage of isolates resistant to colistin was low, but increasing as well. In 2011 and 
2012 all tested isolates were susceptible, whereas in 2013 and 2014, respectively, 5.7% and 4% of the isolates 
were resistant. The percentage of isolates resistant to tetracyclines was rather high and varied between 
46.6% and 61.4%. Similar results were found for sulfa-trimetoprim, except for the year 2012, when only 
27.5% of the isolates were resistant. Resistance to ampicillin was high, on average 74% of the isolates were 
resistant, whereas resistance to amoxicillin-clavulanic acid, ceftiofur and cefquinome was rather low (3.5%, 
2.3% and 1.6%, respectively). Only a few isolates were resistant to fluoroquinolones; 2.4% was resistant 
to flumequine and 1.1% was resistant to enrofloxacin. In 2014, 14.3% of the isolates showed resistance to 
florfenicol (previous years were not tested).

Compared to an earlier study in Belgium (Nollet et al., 2006), the resistance of Salmonella isolates to 
ampicillin and tetracyclines was markedly higher in the current study. Variation in resistance patterns between 
different Salmonella serotypes should be taken into account when interpreting these results.

1Animal Health Care Flanders (DGZ), Drongen, Belgium;
2Faculty of Veterinary Medicine, Department of Reproduction, Obstetrics and Herd Health, Ghent University, Merelbeke, Belgium;
3Faculty of Veterinary Medicine, Department of Pathology, Bacteriology and Avian Diseases, Ghent University, Merelbeke, Belgium
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41. Antimicrobial resistance in Portuguese swine production – 2013 and 2014 
Laboratory data
Almeida, A. (1), Santos A. (1), Lourenço M. (1)

Abstract

Antimicrobial resistance is a growing concern for both human and animal health, as well as the environment. 
Several countries established surveillance programs for antimicrobial use in animals and in Portugal we also 
have the PANRUAA, since 2014, that encourages antimicrobial use reduction in animals. As swine production is 
one of the food industries where the antimicrobial use deserves attention, we collected laboratory data from 
pig samples to obtain information on antimicrobial resistance in Portuguese swine production. Escherichia 
coli is an indicator bacteria of normal intestinal flora of swine and in this study, we used Escherichia coli 
isolates to analyze antimicrobial resistance. Our aim was to contribute to the knowledge of antimicrobial 
resistance frequencies in Portuguese swine farms. 

Seventy seven strains of E. coli were isolated from intestinal swabs or stools of swine with symptoms of 
enteric pathology. Those samples came from 26 different farms and antimicrobial resistance was evaluated 
according to CLSI guidelines, by diffusion disc method. 

All Escherichia coli strains were resistant to more than one antimicrobial. Lincomycin, Doxycycline, 
Amoxycillin, Ampicillin and Oxytetracycline were the antimicrobials with the highest frequency of resistant 
strains. The lowest frequencies of antimicrobials resitant strains were found for Neomycin, Gentamicin, 
Ceftiofur and Marbofloxacin. Comparing antimicrobials resistance frequencies from both years, we found 
a significant increase for Amoxycillin, Apramycin, Colistin, Oxytetracycline and Lincomycin - Spectinomycin. 
Our data supports other findings of high antimicrobial resistance for Tetracyclines and Penicillins in samples 
from Portuguese slaughters. The antibioresistance for these antimicrobials groups has also been reported in 
swine samples in other European countries. This study provides information that together with data from 
other Portuguese studies, potentiate the knowledge of the real state of antimicrobials resistance in swine 
production and the adjustment of the antimicrobials administration.

Introduction

Antimicrobial resistance in bacteria from food animals is a worldwide public health issue. Enteric pathology 
is one of the main causes of economic losses in swine production. Resulting from viral or bacterial infection, 
enteric disease depends on several factors, as animals’ age, feed, biosafety conditions, among others. 
Prevention and treatment of enteric disease, as well as other swine diseases, lead antimicrobial therapeutics 
to make part of swine production systems.

Antimicrobial resistance in bacteria from food animals is a worldwide public health issue as it has been 
pointed out for the main organizations from Human and Animal Health, WHO, OIE, FAO (FAO, 2013; OIE, 2014; 
WHO, 2014). Antibiotics use in food animals can contribute to the emergence of antimicrobial resistance in 
bacteria that may be transferred to humans (Vieira, 2011). In Portugal, since 2014, the National Plan for 
Reduction of Antimicrobial use in Animals (DGAV, 2014), follows the European Commission Guidelines to 
promote human and animal health protection.

Diarrhoea associated with Escherichia coli can occur in young piglets and is a common cause of mortality 
and morbidity in post-weaning animals. The need of immediate therapeutic intervention, sometimes do 
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not allow sample collection for a previous antimicrobial sensitivity test. Therefore the Veterinary Diagnostic 
Laboratory has an essential role giving the Veterinary the information about data analysis and incidence of 
antimicrobial resistance of bacteria in different regions.

The aim of the present study was to collect data on antimicrobial resistance of Escherichia coli strains 
isolated in our laboratory, in samples collected from pigs with enteric disease symptoms, in Portuguese farms.

Material and Methods

A total of seventy seven E. coli isolates was collected from 26 swine farms, from the Center and South 
of Portugal, in 2013 and 2014. All the isolates originated from diarrhoea stools or swabs. Each sample was 
streaked onto MacConkey Agar plate followed by biochemical confirmation or Chromogenic CPS Agar plates 
and E. coli selection. 

The susceptibility of E. coli isolates to a panel of 15 antimicrobials was tested using the disc diffusion method 
following MIC (Minimal Inhibitory Concentration) from Clinical and Laboratory Standards Institute (CLSI) 
guidelines (CLSI, 2011). The following antimicrobial agents were tested: Amoxycillin (10 µg), Apramycin (15 
µg), Ampicillin (10 µg), Ceftiofur (30 µg), Colistin (30 µg), Doxycycline (30 µg), Enrofloxacin (5 µg), Flumequine 
(30 µg), Gentamicin (10 µg), Lincomycin (10 µg), Marbofloxacin (5 µg), Oxytetracycline (30 µg), Neomycin (30 
µg), Lincomycin-Spectinomycin (109 µg) and Trimethoprim-Sulphamethoxazole (1.25 µg / 23.75 µg). 

The resistance rates resulting from antimicrobial susceptibility test for the E. coli isolates from 2013 were 
compared to the ones of 2014, using the Χ2 test, considering statistically significant for p<0,05.

Results

The resistance rates of E. coli isolated from 2013 and 2014 to individual antimicrobials are shown in Figure 
1. The 77 E. coli strains resulted resistant to at least one antibiotic. Most of the antibiotics tested found 
resistance in more than 50% of the E. coli isolates. All the strains were resistant to Lincomycin, though the 
resistance to Lincomycin-Spectinomycin was observed in 82% of the strains. Doxycycline and Amoxycillin 
were also antibiotics with high resistance rates, 94% and 82%. On the other hand, Marbofloxacin (32%), 
Neomycin (13%) Ceftiofur (37%) and Gentamicin (30%) were the antibiotics with lower resistance rates in 
the E. coli isolates from this study. Antimicrobials resistance rates for the E. coli isolates from 2013 and 2014, 
frequencies comparing and X2 test results are presented in Table 1. 

Discussion

Escherichia coli is usually a commensal bacterium of pigs, presenting a great potential for reserve and 
disseminate antimicrobial resistance. Thus E. coli is a good indicator to study antimicrobial resistance of 
bacteria found in animals, particularly in pigs, in the scope of our study. 

In Portugal, several studies report antimicrobial resistance in pigs at slaughter, with high rates of resistance 
in E. coli isolates for Tetracyclines, Trimethoprim/sulfamethoxazole, Amoxycillin and Ampicillin. In this study, 
we also observed high rates of resistance for Doxycyclin (94%), Amoxycillin (88%), Ampicillin (82%) and 
Trimethoprim/Sulphamethoxazole (78%). Our data also show a significant increase of resistance rate, from 
2013 to 2014, for Amoxycillin, Oxytetracyclin, as well as Apramycin, Colistin and Lincomycin-Spectinomycin. 
However, considering the small number of 2013 isolates, more isolates will allow to accurately infer about the 
tendency of these antimicrobial resistances.

Figure 1 – Antimicrobial resistance rates (%) for the 77 E. coli isolates

Table 1 – Antimicrobial resistance rates for the E. coli isolates from 2013 and 2014 and p-value for the X2 test 
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57a 53a 57a 27a 48a 58a 36a 44a 18a 58a 32a 24a 58a 46a

2013 Rate 
(n=16)

11b 5b 6a 6a 8b 14a 8a 7a 6a 11b 6a 2b 12b 14a

P-value 0,02150 0,03396 0,06236 0,83940 0,04792 0,59920 0,71520 0,06582 0,75570 0,00900 0,43280 0,08472 0,0457 0,4844

In 2004, Pena and co-workers reported 100% of resistance to Amoxycillin, Oxytetracyclin and 
Sulphametoxazole from E. coli isolated from faeces of pigs at slaughter, in the Center of Portugal (Pena et al., 
2004).  

In 2008, the ARBAO-II (Antibiotic resistance in bacteria of animal origin – II) reported the results of a 
program for the continuous monitoring of antimicrobial susceptibility of pathogenic and indicator bacteria 
from food animals, with data from 17642 isolates of pathogens and indicator bacteria from fifteen European 
countries (Hendricksen, 2008). Data collected from Portugal, indicate a great resistance toTetracyclin in E. coli 
isolates (98%) and Amoxycillin-Clavulanic acid, Ciprofloxacin and Gentamicin also found great resistance in 
Portuguese isolates comparing to other countries. The ARBAO-II study called the attention for the differences 
existing among several countries, in terms of antimicrobials availability, therapeutic procedures or biosafety 
measures and suggests that antibiotic choice should consider local pattern of antimicrobial resistance. In 
contrast with Portuguese data from ARBAO, in our study we found lower rate of resistance for Gentamicine.

Another Portuguese study from 2013, also report high resistance to Tetracyclin (93,9%), Trimethoprim/
Sulphamethoxazole (69,7%) and Ampicillin (68,2%) in E. coli isolates from pig faeces, at slaughter (Ramos, 
2013). 

Costa e Machado (2014) reported 100% resistance to Spectinomycin and 95% to Neomycin, in 155 E. coli 
isolates from samples collected in animals and environment (water, air, feed) at 2 pig farms (Costa, 2014).
These data differ from the lower rates of resistance to Neomycin found in our study, however the isolates 
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from Costa’s study include environmental samples with the income of other resistances beyond the most 
commonly observed at slaughter, giving evidence on environmental dissemination of resistant bacteria.

High resistance to Tetracyclines, Amoxycillin and Trimethoprim/Sulphamethoxazole has also been reported 
by other European countries as Spain (Teshager, 2000) or the United Kingdom (Enne, 2008).

The great resistance to Lincomycin observed in our study, was found by others that explain the fact by the 
common use of this antibiotic in pig enteric disease treatment (Hart, 2004).

Most of the Portuguese studies on antimicrobial resistance in pigs are carried out with samples from 
slaughter animals, having information on the region of origin. In contrast, samples from laboratory commonly 
miss information on animals’ region of origin or antimicrobials use on the collected samples. Animals age 
also influence the commensal flora of pigs (Bok, 2013) and it would be of great interest the antimicrobial 
resistance evaluation between different groups of ages. The reason to not compare groups of animals with 
different ages in this study was because age information was available for only 50% of the samples included 
in our data analysis.

In Portugal, the Tetracyclines group are the antimicrobials group with the highest sales, 36.5% from 
sales of antibiotics for animal use, followed by Penicillin and Macrolides (EMA, 2013). High consumption 
of these antibiotics is commonly pointed out as a reason for the antimicrobial resistance observed in food 
animals. The analysis of antibiotics use and correlation with antimicrobials resistance, over the time, would 
provide interesting information on time influence and cause-effect relations, important for the antimicrobial 
therapeutics plan to be applied by the Veterinarian in each farm.

The last report from ECDC (European Center for Disease Prevention and Control), about The European 
Antimicrobial Resistance Surveillance Network (EARS-Net), says that the main cause for the antimicrobial 
resistance in indicator bacteria are, probably, the selective pressure of antibiotics use in different food 
animals population. The report also points that the highest rates of resistance in E. coli isolates from pigs are 
for Ampicillin, Sulphamydes and Tetracyclines, commonly used in animals (EFSA & ECDC, 2014). Nonetheless, 
EFSA, ECDC and several authors alert for the need of harmonized surveillance programs for continuous 
antimicrobials resistance monitoring, that allow accurate comparing among the different studies from several 
countries (Burow, 2014; Chantziaras, 2013; EFSA & ECDC, 2014) 

Conclusion

This work was carried out in order to contribute for the knowledge of antimicrobial resistances in pigs, 
in Portugal. Data analyzed in this study demonstrate high rates of antimicrobials resistance in E. coli isolates 
from Portuguese pigs. 
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42. Reduction of antibiotic use after implementation of Ingelvac® PRRS MLV piglet 
vaccination in a Belgian wean to finish farm
Van Looveren, F. (1), De Jonghe, E.(2), Maass, P. (3), De Backer, P.(2)*

Abstract

Porcine Reproductive and Respiratory Syndrome (PRRS) infections play an important role in Porcine 
Respiratory Disease Complex (PRDC). The aim of this study was to evaluate the effect of implementing a PRRS 
MLV vaccine, as an aid to control PRDC, on the antibiotic use in piglets and fatteners. 

The study was performed in a wean-to-finish farm. Piglets were vaccinated upon arrival. In 2012, piglets 
were only vaccinated against Mycoplasma hyopneumoniae (M. hyo) with Ingelvac MycoFLEX®. As from 2013, 
Ingelvac® PRRS MLV was applied at the same time as the Mycoplasma hyopneumoniae (M. hyo) vaccine, at 
the other side of the neck. The reason for implementing the PRRS MLV vaccine were PRDC problems occurring 
at the end of 2012, including cough and poor performance in the nursery and fattening period. Presence of 
the PRRS virus was confirmed by serology. 

A retrospective analysis of the antibiotic use and costs was performed over a 1-year-period before 
implementation of PRRS vaccination, an intermediate period of 6 months (PRRS vaccinated and non-vaccinated 
pigs were present) and a period of 1 year in which only PRRS vaccinated pigs were present on the farm.

In the period before PRRS vaccination, 18.56 g active substance/pig place/year was used, equal to an 
average of 29.3 daily doses/animal year. In the transition period, the antibiotic consumption equalled 20.82 g 
active substance/pig place/year or 33.6 daily doses/animal year. In the period after the PRRS vaccine 
implementation, 12.04 g active substance/pig place/year or 13.5 daily doses/animal year was used. The 
antibiotic costs equalled respectively 3.40€, 4.35€, 1.85€ per pig place per year in the 3 subsequent periods. 

Antibiotic use expressed in daily doses/animal year was reduced by 53.9% and antibiotic costs by 45.6% after 
implementation of PRRS vaccination compared to the period before PRRS vaccination. Furthermore, the use of 
antibiotics considered as highly important for human medicine (red class) was reduced with 97.4%. Besides the 
reduction in antibiotic use, an improvement of the technical performance of the pigs was also observed.

Introduction

Infections with  PRRS virus play an important role in the PRDC. The aim of this study was to evaluate the 
effect of implementing a PRRS modified live virus (MLV) vaccine as an aid to control PRDC, on the antibiotic 
use in piglets and fatteners.

Material and Methods

The study was performed in a Belgian wean to finish farm with 800 nursery places and 1200 fattening 
places. All pigs originated from the same sow herd. Piglets were vaccinated upon arrival in the farm, at a 
weight between 6 and 7 kg. From January 1st 2012 to December 31st 2012, piglets were only vaccinated 
against M. hyo with Ingelvac MycoFLEX® (1 ml, I.M.). As from January 1st 2013, a vaccination with Ingelvac® 
PRRS MLV (2 ml, I.M.) was added to the vaccination scheme. This vaccine was applied at the same time as the 
M. hyo vaccine, at the other side of the neck. The reason for implementing the PRRS MLV vaccine was PRDC 
problems occurring end 2012, including cough and poor performance in the nursery and fattening period. 
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The presence of the PRRS virus was confirmed by means of serology. 

A retrospective analysis of the antibiotic use and antibiotic costs was performed in following 3 study 
periods: a period of 1 year before the implementation of the PRRS MLV vaccine (January - December 2012), 
an intermediate period of 6 months in which both PRRS vaccinated and non-vaccinated pigs were present 
(January - June 2013) and a period of 1 year in which only PRRS vaccinated pigs were present on the farm 
(July 2013 - June 2014). The antibiotic consumption is expressed in average daily doses per animal year and 
in grams of active substance consumed per pig place per year.

Furthermore, an analysis of the type of antibiotics used in the 3 study periods was performed. For this 
analysis, antibiotics were classified according to the guide on responsible antibacterial consumption in pigs of 
the Belgian Center of Expertise on Antimicrobial Consumption and Resistance in Animals (AMCRA)(1). In this 
guide, the different antibiotics available in veterinary medicine are given a color to differentiate them in terms of 
importance for human and animal health. The yellow, orange and red class contain respectively the antibiotics 
with the lowest importance, intermediate importance and highest importance for human medicine. 

Results

The antibiotic consumption in the 3 study periods, expressed in average daily doses per animal year and 
in grams of active substance consumed per pig place per year, is shown in table 1. In this table, also the 
antibiotic costs per pig place per year are indicated. 

Table 2 shows the amount of yellow, orange and red class antibiotics consumed in the 3 study periods. The 
use is expressed in grams of active substance consumed per pig place per year. 

Table 1 Antibiotic use and costs in piglets and fatteners; before, during a transition period and after implementation of PRRS MLV 
vaccination

Period
Average Daily Doses per 
animal year

Active substance (g/pig 
place/year)

Antibiotic costs 
(€/pig place/year)

Before PRRS vaccination (Jan. 
2012 – Dec. 2012)

29.3 18.56 3.40

Transition period
(Jan. 2013 – June 2013)

33.6 20.82 4.35

With PRRS vaccination (July 
2013 – June 2014)

13.5 12.04 1.85

Table 2 Types of antibiotics used according to the AMCRA classification; before, during a transition period and after implementation 

of PRRS MLV vaccination

Period
Active substance (g/pig place/year)

Yellow Orange Red 

Before PRRS vaccination (Jan. 
2012 – Dec. 2012)

3.120 14.876 0.569

Transition period
(Jan. 2013 – June 2013)

0.375 20.272 0.175

With PRRS vaccination (July 
2013 – June 2014)

0.050 11.976 0.015

Discussion

The antibiotic consumption expressed in average daily doses per animal year was reduced with 53.9% after 
implementation of the PRRS MLV vaccine compared to the period before PRRS vaccination, corresponding 
with a reduction of the antibiotic costs of 45.6%. Furthermore, the use of antibiotics considered as highly 
important for human medicine (red class) was reduced with 97.4% after implementation of the PRRS MLV 
vaccine compared to the period before PRRS vaccination. 

Besides the reduction in antibiotic use, an improvement of the technical performance of the pigs was also 
observed. 

Conclusion

On PRRS virus infected farms suffering from PRDC, the implementation of a PRRS MLV piglet vaccination 
can be used as an aid to control respiratory problems, to reduce the overall antimicrobial consumption and 
to reduce the use of antibiotics considered highly important for human medicine. 
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43. Vaccination against Actinobacillus pleuropneumoniae as an alternative strategy 
to antimicrobial use in Danish pig herds.
Kruse, A.B. *(1); Nielsen, L.R. (1); Alban, L. (2)

Abstract

In this study the objective was to determine whether use of vaccination against Actinobacillus pleuropneumoniae 
(APP) had an effect on the antimicrobial consumption in finisher pigs, when compared to herds without vaccination. 
Based on observational data, we found that the change in antimicrobial consumption after vaccination was initiated 
was significant associated with the baseline antimicrobial use before vaccination. The decrease in antimicrobial 
used was more pronounced in vaccinated herds (N=101) when compared to herds without vaccination (N=320), 
indicating an effect of vaccination against APP on the antimicrobial consumption level.

Introduction

Vaccination has been identified as a potential alternative strategy to antimicrobial use in pigs (Postma et 
al. ,2015). As an example, vaccines against APP has been developed for the prevention of pleuropneumoniae, 
a respiratory disease in pigs usually associated with substantial use of antimicrobials (Sacristán et al., 2015). 
Use of APP vaccination would be expected to show a decrease in need for antimicrobial treatment in herds 
with problems related to APP. However, the effect of the vaccine against APP is not well documented outside 
clinical trials. 

Based on observational data, the objective of this study was to determine whether use of vaccination 
against APP in piglets had an effect on the antimicrobial consumption in finisher pigs, when compared to 
herds without vaccination. 

Material and Methods

Data on purchase of vaccines and antimicrobial use between 2005 and 2014 were extracted from the 
Danish VetStat database in which prescriptions of medication for livestock use are recorded. Initiation of 
vaccination was the first registration of purchase of vaccines against APP for the sow unit. Antimicrobial use 
was extracted from the finisher units receiving piglets from the vaccinated sow unit. Antimicrobial use was 
calculated as Animal Daily Doses (ADD) based on the amount prescribed, recommended dose and standard 
bodyweight for finisher pigs (50 kilo) using this equation:

The study period covered 8 months before until 14 month after vaccination was initiated. Data from 
initiation of vaccination until 6 months after was considered a transition period and was not included in the 
data. This period represents the time it takes from initiation of vaccination until all pigs in the finisher unit are 
vaccinated. Data were analysed using a multivariable linear regression model including selected risk factors. 
Among the risk factors was herd size, seasonal and yearly variation in antimicrobial consumption represented 
by the quarter and the year of the first purchase of vaccination for each herd. The outcome in the model was 
change in antimicrobial use, represented by the difference between antimicrobial consumption before vs. 
after vaccination was initiated. To evaluate whether the effect was due to vaccination, the same model was 
tested with antimicrobial data from finisher herds receiving pigs from sow units with no vaccination against 
APP applied. For these data, the change in a randomly selected period was included.
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Results

Data on antimicrobial use in 101 herds with vaccinated finisher pigs were included in a multivariable linear 
regression model. There was a significant effect of baseline antimicrobial use; the higher the baseline, the 
larger the decrease in antimicrobial use after vaccination, as illustrated in figure 1. 

Figure 1. The change in antimicrobial use after vaccination was initiated (ADDchange) plotted against the baseline antimicrobial use 
before initiation of vaccination (ADDbefore) for 101 herds. Each point represents data for an individual finisher herd receiving pigs from 
a vaccinated sow unit.

Data on antimicrobial use in 320 herds with non-vaccinated finisher pigs were included in a similar model, 
showing also a significant effect of baseline antimicrobial use. 

Final model for vaccinated herds: ADDchange = 0.9 – 0.7 ·ADDBefore

Final model for non-vaccinated herds: ADDchange = = 1.1 – 0.65 ·ADDBefore

Discussion

In this study we found that the change in antimicrobial use after vaccination against APP was significantly 
associated with the baseline antimicrobial use. The same effect was seen when looking at change in 
antimicrobial use for herds without vaccination against APP. In Denmark, as well as in many other countries, 
there has been much focus on reducing antimicrobial use in pig production. Thus, it was expected that the 
antimicrobial use in herds with high baseline would decrease over time, regardless of vaccination status. 
When comparing the model for herds with vaccinated pigs, and the model for herds with non-vaccinated pigs, 
we can see a difference, indicating a larger decrease in antimicrobial use in vaccinated herds. 

In this study the disease status of the herds or the reason for initiating vaccination was non-known. Though, 
we could argue that herds with high antimicrobial use before vaccination against APP was probably herds 
experiencing problems related to APP. On the other hand, antimicrobials are known to have a productivity 
enhancing effect, and therefore it is likely that the consumption of antimicrobials is not directly reflecting the 
disease status of the individual herd. Herds with low antimicrobial use prior to initiation of vaccination were 

probably not experiencing any substantial disease problems. The reason for vaccination in these herds could 
instead be due to demands from trade partners or as a solely preventive measure. There was a tendency 
that herds with low antimicrobial use before vaccination experienced an increasing antimicrobial use after 
vaccination. This could be because the herds are facing problems with other pathogens resulting in a higher 
need for treatment with antimicrobial use. 

It seems that there is a positive preventive effect of vaccination against APP, but it could be interesting to 
know more about the herds, and also whether other measures at herd level were taken to reduce the disease 
prevalence and thereby the antimicrobial use. 

Conclusion

There was a significant effect of baseline antimicrobial use on the antimicrobial use after vaccination was 
initiated; the higher the baseline, the larger the decrease in antimicrobial use after vaccination. The decrease 
in antimicrobial used was more pronounced in vaccinated herds, indicating an effect of vaccination against 
APP in herds with high antimicrobial use related to APP.
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44. Impacts of colistin sulfate on fecal Escherichia coli resistance and on growth 
performance of piglets in a post-weaning diarrhea model
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Abstract 

Colistin sulfate (CS) is used in Canada for the treatment of post weaning diarrhea (PWD), to overcome 
conventional therapeutic antibiotics failures. The aim of the present study was to determine the effect of a 
conventional oral regimen of CS for the treatment of PWD, on the development of E. coli CS resistance and to 
evaluate the effect of ETEC: F4 infection on CS intestinal absorption.

A total of 48 pigs were used, challenge was carried out by oral administration of 109CFU of a hemolytic ETEC: 
F4 strain resistant to nalidixic acid. CS was administered at a dose of 50.000 UI/kg twice a day for 5 days. Feces 
were examined clinically and bacteriologically before and after challenge to evaluate presence of diarrhea 
and E. coli fecal excretion. ETEC: F4 virulence factors were monitored and CS plasma concentrations were 
quantified by an HPLC-MS/MS. From one until six days after CS administration, a significant reduction in the 
fecal excretion of ETEC: F4, total E. coli, ETEC: F4 virulence factors and in diarrhea scores was observed in the 
challenged treated group compared to the challenged untreated group (p<0.0001). No significant difference in 
growth performances was observed in treated compared to non-treated pigs (p>0.71). A significant selection 
pressure on E. coli total population was observed following CS treatment (p<0.0001). Challenge with ETEC: F4 
resulted in an increase in intestinal absorption of CS. Our study is the first to demonstrate in an experimental 
model of PWD, that CS at a dose of 50,000 IU/kg is effective in reducing fecal excretion of E. coli. However, 
this regimen was associated with a selection pressure on E. coli CS resistance, and did not improve growth 
performance in challenged pigs. Thus, the use of this antibiotic in pig should be revised.

Introduction

Post-weaning diarrhea (PWD) is an important enteric disease in pig production in Canada, this disease 
usually occurs shortly after weaning and is characterised by watery diarrhea, dehydration, loss of body weight 
and mortality of infected piglets (Fairbrother et al., 2005). ETEC is the most common cause of PWD in pigs, 
this pathotype is characterized by the production of enterotoxins and adhesins, both essential for disease 
development (Nagy and Fekete, 2005). Enterotoxins produced by ETEC may be heat stable or heat labile. 
The predominant ETEC isolates from Canadian pigs farms with PWD showed a high frequency of resistance 
to multiple antibiotics (Amezcua et al., 2002). This phenotypic antibiotic resistance has caused several 
therapeutic failures, which initiated veterinarians to look for others molecules to counteract this digestive 
disorder. Colistin sulfate (CS), a cationic antimicrobial peptide, is among the alternatives that are used to 
treat PWD. However, CS is “off-label” used in Canada for the treatment of PWD in pig by transposition of 
application data from countries where CS is approved.

The first objective of the present study was to determine the effect of an oral regimen of CS at 50.000 
IU/kg twice a day for 5 consecutive days, on the level of fecal shedding of ETEC: F4, total E. coli population, 
CS resistant E. coli, ETEC: F4 virulence factors, fecal consistency, and the growth rate of weaned pigs after an 
ETEC: F4 challenge. The second objective was to determine the effect of ETEC: F4 in an experimental infection 
on piglets, on CS intestinal absorption by measure of blood concentrations. 
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Material and Methods

A total of 48 Yorkshire-Landrace piglets were used in this study, after weaning (21 d old), piglets were 
fed a standard non-medicated ration for post-weaning pigs and they had unlimited access to feed and water 
throughout the 7-wk of study. 

The challenge strain for experimental infection of pigs was a nalidixic acid-resistant (Nalr) variant of ETEC: F4 strain 
ECL8559 (O149: LT: STa: STb: East1: paa: hemβ: F4) and was hemolytic when grown on blood agar. After 1-wk of 
acclimatization (28 d old), each pig in challenged groups, was orally challenged with 5 mL of trypticase soy broth 
containing 109 CFU of the freshly grown ETEC: F4 following the administration of 10 mL CaCO3. CS administration was 
conducted one day after piglet’s challenge, at a dose of 50.000UI/kg twice a day for 5 successive days. 

Fresh fecal samples were obtained from pigs using sterile rectal swabs and bacteriological examination of 
fecal samples was performed before and 1, 2, 3, 5, 6, 7, 8, 10, 13, 20, 27, 36 days after piglet’s inoculation to 
evaluate fecal excretion of the challenged ETEC: F4 strain and total E. coli population. 

In order to follow the potential exacerbation of E. coli CS resistance following its clinical use at the dose of 
50.000UI/kg for 5 days, a MacConkey agar plates containing CS at 2 μg/mL, were prepared to enumerate the 
CS resistant total E. coli population. 

ETEC: F4 virulence factors were monitored by multiplex PCR.

After the challenge infection, piglets were daily observed for signs of anorexia, lethargy and diarrhea. The 
severity of diarrhea was assessed visually by using a fecal consistency scoring. 

In order to follow the growth rate, pigs were weighed individually using an electric scale prior to inoculation 
and at d7, d20, d27 and d36 post ETEC: F4 challenge. 

After the last administration of CS (after 5 days of treatment), blood samples (3 mL) were collected from 
the jugular vein at 0.5, 12, 24, and 48 hours post CS treatment using potassium EDTA tubes. These samples 
were used to determine CS plasma concentrations by a liquid chromatography coupled with tandem mass 
spectrometry (HPLC-MS/MS). 

Results

The excretion of ETEC: F4 recovered from the feces throughout the experimental period for the challenged 
treated group compared with the challenged untreated group was expressed in log 10 CFU/g and shown in Figure 1. 
CS treatment at a dose of 50.000 IU/kg was induced a significant reduction in fecal total E. coli shedding between 
d1 and d6 in the challenged treated compared to the challenged untreated group (P < 0.0007). 

The ratio of log CS E. coli resistant / log total E. coli showed that before challenge period and before 
exposure to the antibiotic, the CS E. coli resistant fecal shedding between the challenged treated and 
untreated group was very similar. In the other hand, starting from d2 post CS treatment, the challenged 
treated pigs exhibited a higher percentage of CS resistant E. coli in the total E. coli population compared with 
the challenged untreated pigs, this selective pressure was maintained throughout the CS administration, with 
a significant effect between d3 and d5 (P <0.0005).

After 3 days of CS treatment, prevalence of STa virulence gene was reduced in both treated pigs, with 
a significant reduction in the unchallenged treated groups compared to others groups (P < 0.0001). STb 
prevalence was significantly reduced in the unchallenged treated compared to the control group (P= 0.0002). 
In the other hand, a significant reduction in the prevalence of LT and not of F4 prevalence in the challenged 
treated group compared to the challenged untreated group (P < 0.0001) was observed. After 2 and 7 days 

after the end of the CS treatment (d7, d12), we did not detect a statistically significant difference in the 
prevalence of STa, STb, LT and F4 virulence gene between the 4 groups.

After 2 days of CS administration (d2), fecal consistency scores were significantly decreased in the 
challenged treated compared to the challenged untreated groups trials (P < 0.0001). The same finding was 
observed at d3 and d4. Until d5 (6 days post challenge), no differences were observed in the diarrhea scores 
between challenged untreated and treated groups. 

Figure1. Evolution of fecal ETEC: F4 counts (means ± standard deviation [SD]). Challenge was performed at d-2 and treatment with colistin 
sulfate (CS) at the dose of 50.000 IU/Kg was started at d0 (36 hours post challenge) with two administrations per day for a period of 5 days. 
CS treatment resulted in a significant reduction in fecal ETEC: F4 shedding between d1 and d6 (P < 0.0001). *: P< 0.0001. **: P<0.007

Following oral challenge with ETEC: F4 and the end of the CS treatment (d6), no difference was detected 
in the body weight of all piglets. After 2 weeks of CS treatment discontinuation (d19), the unchallenged 
untreated (control) presented a higher body weight compared the challenged untreated group (P = 0.0005) 
and the unchallenged treated group presented a higher mean weight compared to the challenged untreated 
group (P = 0.0008). After 30 days of CS treatment ending (d35), the unchallenged treated group and the 
control group presented a higher mean weight compared to the challenged treated and untreated group.

Following 5 days of CS treatment, the CS concentration at different sampling time in plasma of piglets 
was showed in figure 2. Thereby, ETEC: F4 oral challenge has exacerbated the intestinal absorption of CS in 
challenged compared to the unchallenged weaned piglets. 

Figure 2: Evolution of plasma CS concentrations over time (means ± standard deviation [SD]). CS concentrations were obtained 
by HPLC-MS/MS after 0.5, 12, 24 and 48 hours of CS treatment ending at a therapy regimen of 50.000 IU/Kg. At 0.5 hours, CS 
concentration was statistically higher in the challenged treated compared to the unchallenged treated group with P = 0.0002.
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Discussion

In the current study, maximum ETEC: F4 shedding and diarrhea score were observed one-day post 
challenge. This result is consistent with other experimental studies in which higher frequency of watery 
diarrhea was observed after the first day of the oral challenge with ETEC: F4 (Wellock et al., 2008).

In our study, the use of CS in the treatment of experimental PWD was associated with a rapid reduction 
of ETEC: F4 fecal shedding and fecal consistency scores. However, this CS therapeutic regimen was unable 
to catch up piglets’ growth retardation caused by ETEC: F4 challenge. In the other hand, CS treatment was 
associated with the emergence of E. coli colistin resistance. 

The potential for the emergence of resistance to colistin among E. coli has been found to be important in 
countries where colistin is widely used in pig production (Mateu and Martin, 2000). Furthermore, in human 
medicine, the increasing of the systemic use of colistin against multidrug-resistant pathogens was associated 
with the increase of colistin-resistant aerobic Gram-negative strains during the treatment of nosocomial 
infections with this antibiotic (Halaby et al., 2013). 

In our study, we have demonstrated that ETEC: F4 oral challenge had exacerbated the intestinal absorption 
of CS in challenged compared to the unchallenged weaned piglets. This finding is probably due to the rapid 
release of large amounts of lipopolysaccharide (LPS) by the colonizing ETEC in the challenged piglets. Further 
studies are needed to butter understand the CS intestinal absorption mechanism such as the impact of 
LPS in the release of proinflammatory cytokines.  Indeed, several studies have shown that administration 
of bacterial LPS results in the production and release of TNF-α and IL-1, theses proinflammatory cytokines 
increased epithelial tight junction permeability in vitro in Caco-2 cells. In the other hand, it was demonstrated 
that IL-1 activated endothelial cells (EC) to induce vascular leakage via loss of vascular endothelial cadherin 
(Dagvadorj et al., 2015).

Conclusion 

This is the first report on the use of CS for the treatment of experimental E. coli-induced diarrhea in 
weaned pigs. In our study we showed that under controlled breeding conditions of piglets, CS had an effect 
on bacteria shedding only during treatment period. However, CS did not enhance the growth performance 
of infected animals and it has exerted a selection pressure in pig’s E. coli commensal population resistant 
to colistin. In the other hand, the use of CS in other countries was accompanied by an increase in CS E. coli 
resistance in pig production, and it should be remembered that colistin is classified in the category of very 
high importance in human medicine by Health Canada, so we consider that the use of this antibiotic as first 
therapeutic choice in pig production is not a judicious practice. 
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45. Low prevalence of methicillin resistant Staphylococcus aureus but high 
prevalence of multidrug resistant Staphylococcus aureus in pigs in the usa
Jisun Sun, My Yang, Peter Davies*

Abstract

It has been suggested that the emergence of livestock associated MRSA in swine may be a consequence 
of feeding antibiotics and/or zinc to control swine diseases or promote growth. However, the dynamics and 
health implications of interspecies transmission of MRSA from pigs to humans is still incompletely understood. 
To address these questions, better understanding is required of the broader ecology of S. aureus in pigs, 
including MRSA. To obtain more representative data on the prevalence and characterization of S. aureus, 
including MRSA, we collected nasal samples from growing pigs on 36 swine farms across 11 states in the 
USA. All isolates were spa typed, and MLST typing was conducted on selected isolates of each spa type. 
Antimicrobial and zinc susceptibility testing was performed on a subset of 130 isolates selected purposively 
to maximize the diversity of isolates by farm and spa type. S. aureus was detected on 35 of the 36 farms, and 
from 76% of pigs sampled, but no MRSA were found apart from one farm of known status that was included 
as a MRSA positive control. A total of 33 spa types were detected, with the most prevalent being t337 (ST9), 
t034 (ST398) and t002 (ST5). Antimicrobial resistance testing for 18 antibiotics showed that resistance was 
most common to spectinomycin (100%), tetracycline (94%), clindamycin (75%) and penicillin (72%), and 
a majority of isolates were resistant to 5 or more antibiotics (multidrug resistant S. aureus, MDRSA). Only 
ST398 MRSA isolates from the positive control farm were positive for the czrC gene, although phenotypic 
resistance to zinc was observed in some MSSA isolates. These results support earlier studies indicating a 
relatively low prevalence of MRSA in pigs in the USA, but a high prevalence of MDRSA. The data also concur 
with the hypothesis that zinc resistance may be more strongly associated with MRSA in swine reservoirs than 
is resistance of antibiotics such as tetracyclines.   

Introduction

Prior to the recognition that pigs and other livestock spe cies can be reservoirs of methicillin resistant 
Staphylococcus aureus (MRSA), S. aureus was considered a relatively unimportant organism in animals. It is 
now more than a decade since ST398 MRSA was found to be prevalent in pigs and other livestock species 
in the Netherlands and other countries.(Voss et al., 2005; Smith and Pearson, 2011), yet many questions 
remain unanswered about the epidemiology and public health impact of S. aureus in livestock reservoirs. 
While ST398 MRSA were initially referred to synonymously as ‘livestock associated MRSA’, the epidemiology 
of livestock associated MRSA is now known to be more complex. The predominant genotypes of MRSA in 
pigs have been found to vary geographically, with ST9 being the predominant lineage in Asia(Chuang and 
Huang, 2015). Previous studies of MRSA in pigs in North America have variably reported predominance of 
ST398 or ST5 variants, and ST9 variants have also been detected(Smith et al., 2009; Molla et al., 2012; Frana 
et al., 2013; Smith et al., 2013). Remarkably, given the potential importance of this issue, research on the 
ecology of methicillin sensitive S. aureus has been largely ignored, but is arguably an important foundation 
for understanding the origin and ecology of MRSA variants. In a pilot study of 2 systems in the USA, we 
observed that S. aureus are readily detectable in many anatomical sites, and that multiple spa types and 
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MLST types occurred on individual farms and even within the same pigs (Linhares et al., 2015). The goal of the 
current study was obtain more geographically representative information about the prevalence and diversity, 
including antimicrobial resistance phenotypes, of S. aureus and MRSA in growing pigs on commercial farms 
in the USA.  

Material and Methods

A cross sectional study was conducted on 36 farms located in 11 states in the USA. Each farm was recruited 
via swine veterinarians who had participated in a previous study. Each veterinarian sampled only one herd 
from their client base. An additional herd known to be positive for MRSA was included as a positive control 
herd. Nasal swabs were collected by the veterinarians from 20 pigs in each herd. Swabs were enriched in 
Muller Hinton broth and cultured selectively on chromogenic agar plate to detect MRSA. DNA extraction 
was performed for spa typing, multilocus sequencing typing (MLST) and PCR detection of the czrC gene 
as an indicator for zinc resistance. Out of 1070 isolates obtained, 130 isolates were selected for antibiotic 
resistance testing and phenotypic zinc resistant test. Selection was purposive to maximize the diversity of 
isolates included (at least one isolate from each spa type detected on each farm).

 For antibiotic susceptibility testing, a panel of 18 antibiotics were used as conducted routinely for gram-
positive organisms at the University of Minnesota Veterinary Diagnostic Laboratory (spectinomycin, ampicillin, 
penicillin, chlortetracycline, oxytetracycline, clindamycin, tilmicosin, danofloxacin, sulphadimethoxine, 
florfenicol, neomycin, tiamulin, gentamicin, enrofloxacin, trimethoprim/sulphamethoxazole, tulathromycin, 
ceftiofur, tylosin). In addition, zinc susceptibility was evaluated using the agar dilution method at concentrations 
of 0.5, 1, 2, 4, 8, 16, and 32mM. 

Results

Thirty-six farms from 11 states in the USA were sampled, in addition to the positive control farm. Overall, 
739 pig nasal swabs were collected, of which 558 (76%) were culture positive for S. aureus from 35 of the 
36 farms (97%). Except the positive control farm, on which all 20 pigs tested MRSA positive, no MRSA were 
detected in any of the pigs. Among the 35 S. aureus positive farms there was considerable diversity found 
with 33 spa types detected within 4 MLST sequence types. The most prevalent spa types (sequence type) 
were t337 (ST9), t034 (ST398) and t002 (ST5) which together accounted for 59% (627 of 1070). Antimicrobial 
resistance testing showed resistance was most common to spectinomycin (100%), tetracycline (94%), 
clindamycin (75%) and penicillin (72%), and  89% (116/130) of isolates were resistant to 5 or more antibiotics 
(multidrug resistance SA, MDRSA). ST398 (t034) MRSA isolates from the positive control farm were positive 
for the czrC gene, but no other isolates tested were positive. However, 14% of SA (18/130) tested were 
phenotypically zinc resistance based on a break point of 4mM zinc.

Discussion and conclusions 

The most striking finding of the study was that none of the 36 study farms were positive for MRSA, and 
exact binomial confidence intervals show the 95% upper limit for herd prevalence to be 9.7%. Although much 

higher prevalence (up to 30%) has been previously reported in smaller, and more geographically limited, 
studies in the USA,(Molla et al., 2012; Frana et al., 2013), relatively low herd prevalence was also reported 
in larger and geographically diverse studies in the USA and Canada(Weese et al., 2011; Smith et al., 2013). 
Several studies of occupationally exposed people in the USA are also consistent with the possibility that 
prevalence of MRSA may be substantially lower in the US swine industry than in many European countries 
(Rinsky et al., 2013; Wardyn et al., 2015; Sun et al.,, 2015). The apparently low MRSA prevalence in pigs in 
the USA, where antimicrobial growth promotants will be available until 2017, raises further questions about 
whether growth promotant usage had any material influence on the emergence of livestock associated MRSA 
globally. Our observations on the czrC gene are also aligned with other studies indicating that zinc and other 
selective factors (e.d., disinfectants and therapeutic use of cephalosporins) are likely to have had a much 
greater role in the emergence of these organisms than growth promotant usage.(Aarestrup et al., 2010; 
Cavaco et al., 2011; Moodley et al., 2011; Dorado-Garcia et al., 2015; Slifierz et al., 2015) Our observations 
that multiple antimicrobial resistant is prevalent in S. aureus isolates from pigs is both unsurprising and 
consistent with other studies. This phenomenon is probably not new, and the total absence of awareness or 
concern (in the pre-ST398 era) about S. aureus in terms of as an occupational risk suggests that human health 
risks of MDRSA in livestock are less than intimidating. Regardless, in the USA it is increasingly likely that in 
a relative vacuum of MRSA in pigs that the phenomenon of multiple drug resistant MRSA will attract more 
attention from industry critics and may require efforts in both risk assessment and risk communication to 
quell the concerns raised to the general public.
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46. Antimicrobial resistance of commensal E. coli from the pork food chain in 
Germany.
Tenhagen, B.A.1; Guerra, B. 2; Schroeter, A. 1; Käsbohrer, A. 1

In the framework of the National Zoonoses Monitoring in Germany, E. coli from pigs and pork as well as 
from wild boar meat have been tested for their resistance to a panel of 14 antimicrobials using the broth 
microdilution method according to CLSI. The determined minimum inhibitory concentrations were evaluated 
based on the epidemiological cut-off values as provided by EUCAST.

859 isolates from pig herds and 52 isolates out of 568 samples from pork were tested in 2011. More 
isolates from pork than from pigs were susceptible to all 14 substances (55.8 vs. 23.3 %). Resistance rates 
to the following substances were higher in isolates from pigs than from pork: tetracycline (62.5 % in pigs / 
30.8 % in pork), streptomycin (59.4 / 28.8 %), sulfamethoxazole (47.6 / 25.0 %,  ampicillin (44.7 / 25.0 %) and 
trimethoprim (38.2 / 23.1 %). Resistance to cefotaxim (1.9 %) and ciprofloxacin (5.9 %) was similar in isolates 
from pig and pork respectively

AMR in isolates was infrequent. 93.5 % of the 186 isolates from wild boar meat were susceptible to all 
substances. One isolate was resistant to cefotaxime and 3 isolates were resistant to colistin, while no isolates 
were resistant to ciprofloxacin.

The results underline that antimicrobial resistance is an issue in pig farming. Although still high, AMR 
in isolates from pork was substantially lower than in those from pigs. In wild boar meat, E. coli was more 
frequently detected than in pork, however, AMR was very low. This indicates that resistant bacteria are 
substantially less frequent in wild boars than in fattening pigs. Exposure of wild boar to antimicrobials or 
resistant bacteria from farm animals via the environment is too limited to lead to high resistant rates in E. coli 
from this food chain.
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373

Safepork 2015 Posters  

47. Use of beta agonists in feeding stuff in Portugal: an overview
Assis, G.*(1); Cruz, C. (1)

Abstract

We present a brief overview of the use of beta-agonists in feeding stuff in Portugal in the last two decades.

Introduction

Beta-agonists are used in human and veterinary medicine for specific effects on smooth muscle. When 
misused at higher doses, they can also act as growth promoters by stimulating the increase of the muscular 
mass and reducing the adipose tissue. In the EU, Directive 96/22/EC prohibits the use of beta-agonists in 
food producing animals except for well-defined therapeutic purposes and under strict veterinary control. 
However some of them are allowed in countries such as Japan, the United States, Canada and several 
countries in South America. Doses effectively used as repartioning agent are a factor 10 times higher than 
the recommended therapeutic dose. These compounds act as growth promoting and repartioning agents in 
many species including cattle, sheep, swine, poultry and man (Witkamp, 1996) [5].

In the 90’s several outbreaks of food poisoning were reported after the consumption of meat contaminated 
with clenbuterol in Spain, France and Italy. In Portugal there were some well-known cases of human 
intoxication (four cases of acute food poisoning involving a total of 50 people) after consuming contaminated 
lamb and bovine meat containing residues of clenbuterol, which were reported some years ago. The period 
in which these poisonings occurred was between 1998 and 2002 (Barbosa et al.,2005) [1].

The impact on the health and welfare of the animals treated with such high con centration of betaagonist is 
poor, nevertheless some reports of known changes in the behavior. Some large companies for food services in 
the USA agree, this year, to work with its suppliers to eliminate the use of this kind of compounds, hormones 
and feed additives that it says are harmful to animals, including zilpaterol and ratopamine. The pledges are 
part of a new set of animal welfare principles that have been developed in collaboration with animal welfare 
and protection organization the Humane Society of the United States (HSUS) (Searby, L.) [4].

Material and Methods

In order to protect consumers inside the EU, there are official programs, national and from the community. 
These programs include the survey of animals on farms, in slaughterhouses and at borders, and often serve 
to support the health inspection of slaughterhouses, essential elements for ensuring the quality of the meat 
that is consumed. Selection of the most appropriated sample is important. On farms drinking water and feed 
are the ideal samples for control once beta-agonists demand the oral administration for the repartioning 
effect. Urine is the most used, especially for control of usage in live animals, but the levels are low within a 
short time of withdrawal and cleared rapidly from the body. Other no conventional sample is hair.

Organs, namely liver, wich accumulate beta-agonists are more suitable for monitoring usage (Boyd et 
al.1996) [3]. Other organs, such as lung and eye are very popular samples for research. For the control of 
veterinary drug residues we generally use two types of methods: screening and confirmatory. The most 
widely used screening tests are immunoassays, namely ELISA, and by now there are several commercially 
available kits for a large number of molecules. LC-MS/MS (BVL, 2006) [2], for screening and confirmatory 
purposes became in the last years a very robust method with high specificity and sensitivity that allows to 
analyze a large number of compounds (clenbuterol, salbutamol, ractopamine, zilpaterol and many others) 
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and simultaneously corticosteroids used in several countries as illegal growth promoters in association with 
beta-agonists.

Results and Discussion

Results from the official controls can be found in EFSA website. Concerning the non biological samples, 
the number of positive results and the concentration found are much lower than in the previous decade and 
only clenbuterol and ractopamine were found. Although animal feed have been analyzed, they have been 
encountered only in animal drinking water. On the other hand, there are currently no cases reported on 
human health associated with consumption of meat contaminated with beta-agonists in Portugal.

Conclusions

The economic pressure that has led to illegal use of beta-agonists by livestock producers is probably the 
same that will lead to its disappearance in the food chain.
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Risk Assessment and risk communication of foodborne pathogens

48. Risk-based approach for food safety applied to pork value chain in Vietnam 
Nguyen-Viet, H.1; Sinh, D. X. 2; Hanh 2, T. T. T.; Unger 1, F.; Grace, D. 1;  Phuc, P. D. 2; Makita, K. 3

Food-borne disease is a major public health issue in Vietnam. The contamination of popular 
foods can occur all along the food value chain. It is important to understand how and where food 
safety issues arise to mitigate and prevent food-borne diseases. Risk-based approach is a tool for 
managing food safety, however in Vietnam it is rarely applied and the capacity for application is 
still lacking however risk-based approach it is rarely applied and the capacity for application is still 
lacking. This paper describes the risk assessment training and research for pork along pig value 
chain in Vietnam. Risk assessment short courses and training curriculum were developed and 
taught at universities to strengthen the risk assessment capacity of partners. In parallel and after 
the training, risk assessment case studies were conducted to assess health risks related to pork 
consumption in the context of a pig smallholder value chain and pork traded in informal markets. 
Microbial (Salmonella) in 1275 porkand environmental samples collected at farm, slaughterhouse, and 
market and consumption level were analyzed. Pork consumption behavior and cross-contamination 
modalities during pork preparation were assessed. Chemical hazards (antibiotic and heavy metal 
residues) in 190 pork samples from markets were also analyzed. Results showed that Salmonella 
contamination in carcass swab in slaughterhouse was 39%, and in the final pork at market 45% 
with an average concentration of 9 MPN/g was recorded. 50% and 16.7% pooled samples were 
positive with sulfamethazine and chloramphenicol, with an average residue level of 156µg/kg and 
0.54 µg/kg respectively. A quantitative risk modeling is being developed and integrates information 
on contamination along the pork value chain to characterize the health risk caused by Salmonella. 
Results of risk modeling will be presented and risk mitigation options discussed.

1International Livestock Research Institute; 
2Hanoi School of Public Health; 
3Rakuno Gakuen University
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49. First report of kobuvirus detection in swine in the Province of Quebec
Nantel-Fortier, N1; Letellier, A1; Lachapelle, V1; L’Homme, Y1; Brassard, J*1, 2

Kobuviruses, non-enveloped and single-stranded positive RNA viruses, are members of the Picornaviridae 
family and were previously detected in a variety of animal species including humans. Their prevalence in 
swine is reported over the world, but their role as a causative agent of diarrhea in animals is still unclear. 
No data is available regarding the presence of kobuvirus on Quebec farms. The aim of this study was to 
investigate the presence of kobuvirus in swine farms belonging to a single integration system in Québec. 
The association of kobuvirus infection in piglets and diarrhea was also evaluated. Rectal swabs from piglets 
with diarrhea (n=70) and clinically healthy (n=133) were sampled during growth at 1, 5, 12 and 20 weeks of 
age (n=606). Fecal samples from sows (n=85), surface swabs and composite samples from pens were also 
collected (n=286). Detection of kobuvirus was performed using conventional RT-PCR and sequencing was 
used to confirm. A total of 61 farm visits were conducted and 85% of them had at least one kobuvirus-positive 
sample. In nursery, 39 % of the piglets excreted kobuvirus in their feces. This prevalence increased to 72% 
during post-weaning and decreased to 47% and 16% at 12 and 20 weeks of age respectively. The peak of 
excretion was observed at 5 weeks of age (p<0.001). An increase of kobuvirus detection in environmental 
(p<0.0001) and surface swab samples (p<0.02) was also observed at the same period. A significant correlation 
was established between sows and their 1 week old piglets, when both were positive to kobuvirus (p<0.002) 
and vertical transmission is strongly suspected. No significant association between diarrhea and kobuvirus 
infection was demonstrated in this study. Future phylogenetic analysis will allow a better understanding of 
the route of the vertical transmission and will also assess the genetic diversity of strains in swine production 
systems.

1 Faculty of veterinary medicine, University of Montreal, St-Hyacinthe, Québec, Canada
2Agriculture and Agri-Food Canada, Food Research and Development Centre, St-Hyacinthe, Québec, Canada
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50. Characterisation of the clinical importance of porcine group C rotavirus in a 
swine nursery production network in Quebec
Lachapelle, V.1; Letellier, A.1; Nantel-Fortier, N.1; Hélie, P.1; Arsenault, J.1; Brassard, J.2; L´Homme, Y.1   

Enteric infectious diseases in swine have considerable economic impact on the industry due either to 
mortality, cost of treatment or reduced growth rates which can lead to extended production periods. The 
consequences can be catastrophic especially in nursery sites since young piglets are in a susceptible period 
associated with immature immune system and are often affected by rapid dehydration related to neonatal 
diseases. Pathogens such as enterotoxigenic E. coli, group A rotavirus or Cl. Perfringens are known to cause 
clinical symptoms of diarrhea and have led to the development of vaccines. However, additional microbial 
agents, such as group C rotaviruses (RVC), are also suspected to be important in the development of diarrhea 
in piglets though few data are available. The objective of the present study was to characterise the clinical 
importance of porcine RVC in piglets from 11 nursery farms belonging to a single integration system in Quebec. 
Rectal swabs from 90 piglets with diarrhea and 138 clinically healthy piglets as well as fecal samples from their 
sows (n=104) were collected over a 15 month period. Within this group of animals, 20 piglets with diarrhea 
and 5 healthy piglets were euthanized and pathologic examination was conducted on intestinal segments. 
Viral detection of RVC by conventional RT-PCR showed a significant association between the presence of 
RVC and diarrhea (p<0.0001). Histopathological examination of some intestinal segments revealed lesions 
compatible with viral infection. Only a small portion of sows (17.3%) were found positive for RVC which 
suggests that contamination of piglets with RVC was not solely related to fecal excretion of the virus by sows. 
Overall, the results highlight the importance of RVC as a causative agent of diarrhea in nursing piglets. Further 
studies are needed to thoroughly understand the epidemiological dynamic of RVC within herds and propose 
specific preventive strategies against this virus.    

* Faculty of veterinary medicine, University of Montreal, 3200 Sicotte, St-Hyacinthe, Québec, Canada, J2S 2M2
corresponding author: yvan.lhomme@umontreal.ca; fax: 1-450-778-8128

1University of Montreal; 
2Agriculture and Agri-Food Canada
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51. The effect of weather on porcine disease conditions using data from the UK 
voluntary pig health schemes
Eze, J.I.1 ; Correia-Gomes, C.1; Borobia-Belsué, J.2; Tucker, A.W.3; Sparrow, D.2; Strachan, W.D.4; Gunn, G.J.1

Previous studies of macroscopic conditions detected in slaughter pigs at abattoir through voluntary pig 
health schemes have shown that some lesions have strong seasonal effects. This led us to investigate if 
weather and other climatic conditions are associated with increases or decreases in the prevalence of the 
conditions. The data used in this study were generated by three UK voluntary pig health schemes: Wholesome 
Pigs Scotland (WPS) in Scotland, the BPEX Pig Health Scheme (BPHS) in England and Wales and the Pig Regen 
health and welfare checks (NIH&W), between 2005 and 2012. The conditions chosen to investigate the 
association with weather were: enzootic pneumonia-like lesions (EP-like), pericarditis (PC), milk spots (MS) 
and papular dermatitis (PD). Weather data on monthly number of hours of sunshine, total rainfall, minimum 
and maximum temperature were collected from the Met office for the same time period and countries. We 
used generalised linear models that adjusted for seasonal effects. Results indicate that there are statistically 
significant associations between temperature, number of hours of sunshine and rainfall and all the pig disease 
conditions analysed. As temperature increased, prevalence declined for most of the disease conditions. 
This is also true for hours of sunshine. The size of the effects, however differed by country and the disease 
considered (e.g. the increase by one degree celsius of maximum temperature is responsible for a 6% decrease 
in the average prevalence of EP-like lesions in the BPHS, while for NIH&W and WPS the temperature is only 
responsible for a 0.9% and 1.3% decrease, respectively). These results reinforce the influence of weather 
changes on the prevalence of diseases, especially for UK pig industry that has a high percentage of outdoor 
pig production. 

1Scotland’s Rural College; 
2MossVet; 
3University of Cambridge; 
4Boehringer Ingelheim Vetmedica
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52. Monitoring the quality of sliced pork ham packed in different modified 
atmospheres during 45 days of storage
Silva, C.1; Reis, N.1; Barbosa, C.1,2; Pinheiro, R.1,3; Fonseca, S.1,2  ;Vaz Velho, M.1*

This study, financed by EXTRASLICED45 project, promoted by Primor Charcutaria-Prima S.A. and focused 
on extra-sliced pork ham, aims to use different modified atmosphere packaging (MAP) as a preservation 
technique for extending the lifetime of the product. In this study, physical, chemical, microbiological and 
organoleptic properties of sliced pork ham, packaged in MA, were monitored during 45 days of storage at 
5 ºC. Pork ham samples were packed in four different gas mixtures of 10, 30, 40 and 60% of CO2 (N2 for 
balancing), in thermoformed trays of APET/EVOH/PE film sealed with PE/PVDC. During the storage time 
the monitoring of the evolution of the gas mixture composition, pH, water activity (aw), moisture content, 
colour parameters and firmness of samples was performed. Searching for pathogenic (Salmonella spp., 
Enterobacteriaceae, Escherichia coli, Listeria monocytogenes and coagulase-positive staphylococci), total 
viable counts at 30 ºC and lactic acid bacteria (LAB) was performed. For sensory evaluation, a trained panel 
of 6 elements, conducted a quantitative descriptive analysis (QDA®). The previously defined attributes were: 
brightness, colour, aroma, overall appearance, flavour, texture (hardness and cohesiveness) and salty taste, 
using a 6-point scale. The panel was also asked about their perception related to the overall appearance and 
off- flavours defects. The results of instrumental analysis of texture and colour, and the chemical parameters 
showed no significant differences over the time of storage and between MAP. The results of analysed 
microbiological parameters were satisfactory (according to HPA) and no pathogenic were detected. The 
principal components analysis highlighted the existence of correlations between the studied parameters. The 
panel detected some differences between the short and long-term stored ham samples but those differences 
were no considered defects.

corresponding author: * Av. Atlântico s/, 4900-348 Viana do Castelo, 

e-mail: mvazvelho@estg.ipvc.pt; fax: 351 258827636 
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53. The UK Voluntary Monitoring Schemes for Pig Health and Welfare: working 
towards improved health status
Correia-Gomes C.*(1), Eze J.I.(1), Borobia-Belsué J.(2), Tucker A.W.(3), Sparrow D.(2), Strachan, W.D.(4), Gunn G.J.(1)

Abstract

A pork industry with high health status will have less disease, use fewer antibiotics and present less risk to 
public health. The United Kingdom has three voluntary pig health schemes (PHS); Wholesome Pigs Scotland 
(WPS) in Scotland, the BPEX Pig Health Scheme (BPHS) in England and Wales and the Pig Regen health and 
welfare checks (NIH&W). They capture information on different macroscopic conditions detected in slaughter 
pigs. In this study, the prevalence, seasonal variations and year trends of eight conditions as assessed by these 
PHS were compared and evaluated. Data collected between July 2005 and December 2012 were used. In total 
2,061,779 pigs, from 4,420 pig units in 46,321 batches of pigs supplied to 25 abattoirs were examined. The 
respiratory conditions assessed were: enzootic pneumonia-like lesions, pleurisy, pleuropneumonia, abscesses 
in the lung; while the non-respiratory conditions were: pericarditis (PC), milk spots (MS), papular dermatitis 
(PD) and tail biting. The shape of year and seasonal effects among schemes were visualised and the effects 
were quantified across schemes. The shapes of year trend differed between the PHS for respiratory conditions 
but were similar for non-respiratory conditions. WPS and NIH&W had a lower prevalence of respiratory 
conditions than BPHS. This was also observed for PC and PD; however, BPHS had a lower prevalence for 
MS compared to the other schemes. Non-respiratory lesions showed marked seasonal effects. Continuous 
standardised monitoring of lesions at slaughter is an effective tool for monitoring disease incidence. Early 
detection of changes, when combined with comparison of similar schemes in countries with a similar profile 
of pig production and management, could enable prompt investigation and ultimately lead to ‘safer’ pork.

Introduction

Coordinated industry-wide pig abattoir lesion scoring has been implemented in the United Kingdom (UK) 
with the development of health schemes: Wholesome Pigs Scotland (WPS) commenced in 2003, and the 
BPEX Pig Health Scheme (BPHS) and health checks in Northern Ireland (NIH&W) both commencing in 2005. 
These pig health schemes (PHS) report the presence of macroscopic conditions detected in the slaughtered 
pigs, many of which have been associated with a reduction in performance traits and consequent increases 
in production costs. The cornerstone of these health schemes’ success has been the frequent feedback 
of benchmarked results from routine abattoir inspections to the participating producers and their herd 
veterinarians, helping to increase their awareness of the occurrence of subclinical diseases in their farms 
(Sanchez-Vazquez et al, 2011). Scheme data is considered useful at producer level as it can be used to assess 
the presence, severity and response to interventions for different diseases over time, using macroscopic 
lesions as a proxy for disease (Jager et al, 2012).  This study compares the prevalence of four respiratory 
(enzootic pneumonia (EP) like lesions, pleurisy, pleuropneumonia and abcesses in the lungs) and four non-
respiratory (milks spots (MS), papular dermatitis (PD), tail bite and pericarditis (PC)) conditions assessed by 
the three PHS in UK, assessing the seasonal variations and year trends associated with the conditions in each 
scheme. The aim is to highlight and draw the attention of respective stakeholders to conditions that may not 
have responded to control efforts, conditions that may be the target of future control measures and areas 
where further research is needed. The study also highlights the differences in prevalence for each condition 
across the countries covered by the schemes – England and Wales, Scotland and Northern Ireland (NI). The 
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EP-lesions in BPHS while in WPS a marked increase in trend was apparent since 2010 (Figure 1). In NIH&W, 
the trend for pleurisy peaked in 2008 with evidence of a recent smaller peak in 2012 (Figure 1). Seasonal 
patterns for prevalence of EP-like lesions were similar in BPHS and NIH&W where prevalence was highest in 
winter and lowest in summer. For WPS, the lowest prevalence was observed in winter and highest in autumn. 
There is a high degree of uncertainty around the seasonal estimates of EP-like lesions in NI H&W and WPS 
schemes due to the low frequency and timing of data collection compared to BPHS. The seasonal shapes of 
pleurisy prevalence were similar in the three schemes.  Prevalence was highest in winter and lowest autumn. 
Lower odds of respiratory conditions were observed in NIH&W and WPS when compared to BPHS. This was 
statistically significant for all respiratory conditions in WPS and for EP-like in NIH&W. 

Figure 1 : Annual trend for enzootic pneumonia-like lesions (EP) and pleurisy (PL). The dotted lines are the 95% confidence interval. 

Non-respiratory disease

A declining annual trend in the prevalence of liver MS was observed in the three schemes (Figure 2). 
Although annual prevalence was higher in NIH&W, prevalence decreased over the years in all the schemes 
but at different rates. The prevalence of PC rose in all three schemes from 2008-9 onwards (Figure 2). The 
annual pattern of prevalence was similar in NIH&W and WPS where prevalence declined between 2005 and 
2010 but had increased on average between 2010 and 2012. The proportion of cases of PD decreased in the 
three schemes between 2005 and 2012 but there was evidence for resurgence in WPS in the period 2008-
2010 before resuming the declining trend. The annual trends for tail damage were similar in WPS and NIH&W 
where prevalence steadily increased since 2008.  For BPHS, the prevalence of tail damage cases declined 
through the study period. The seasonal shapes of liver MS were similar in the three schemes with prevalence 
peaking in the autumn and lowest in the spring.  Also, the pattern of seasonal influence on PC prevalence 
was similar in the three schemes where prevalence peaked between spring and summer with troughs in the 
winter. Significantly fewer cases of PC and PD were observed in BPHS than was seen in NIH&W and WPS. Liver 
MS lesions were significantly more prevalent in NIH&W compared with the BPHS and WPS.

shapes of year trend differed between the PHS for respiratory conditions but were similar for non-respiratory 
conditions. WPS and NIH&W had a lower prevalence of respiratory conditions than BPHS. This was also 
observed for PC and PD; however, BPHS had a lower prevalence for MS compared to the other schemes. Non-
respiratory lesions showed marked seasonal effects.

Material and Methods

Data sources

The BPHS, the WPS, and the Northern Ireland (NI) health and welfare surveillance scheme gather 
information on several pig health and welfare conditions assessed at abattoirs. Data collected by these 
schemes between July 2005 and December 2012, from 4,420 slap marks in 46,321 batches of pigs supplied 
to 28 abattoirs spread across the UK, were used in this investigation. In total 2,061,779 pigs were examined. 

The WPS scheme commenced in 2003 in Scotland and monitors the incidence of post-mortem pathologies 
in slaughtered pigs. Twelve conditions are assessed at the abattoir. Data were gathered in this scheme by 
independent assessors who assess every other pig on the slaughter line up to a maximum of 150 per batch. 
The detailed operation of the scheme has been described previously (Sanchez-Vazquez et al, 2011). Between 
July 2005 and December 2012, the scheme examined about 170,233 pigs in seven abattoirs supplied by 347 
slap marks in 3,087 batches.

The NI Pig Regen Ltd. health and welfare checks were performed in selected abattoirs on average quarterly 
since 2005. Data were not available for 2007. The scheme assesses eight conditions. Within the 7.5 years 
period 189,172 pigs were examined in Northern Ireland. These pigs were slaughtered in four abattoirs, 
supplied by 498 slap marks in 2718 batches. 

The BPHS started in July 2005 with the aim of monitoring the occurrence of post-mortem gross pathology 
in clinically healthy pigs in England and Wales. The scheme monitors the same conditions as the WPS. A 
sample (up to a maximum of 50 pigs) is selected from each batch by assessing every other pig on the slaughter 
line. The detailed operation of BPHS has been described previously (Sanchez-Vazquez et al, 2011). Within the 
seven and half years of the scheme’s operation, a total of 1,702,374 pigs supplied to 17 abattoirs from 3,575 
slap marks in 40,516 batches were examined.

Data analysis

Two approaches were used to study the temporal patterns of the conditions assessed in the three schemes. 
The semi-parametric generalised additive model was used to obtain the smooth effects of season and trend 
for each condition in order to visualise the shape or pattern of these effects and compare overall prevalence 
estimates among schemes. The generalised linear mixed model was then used to quantify these effects and 
compare differences between annual trend and seasonal effects across schemes. Further details about the 
methods used and the results can be found in Eze et al (2015). 

Results

Respiratory disease

Enzootic pneumonia-like lesions was the most prevalent condition in the three schemes with the highest 
prevalence observed in BPHS followed by WPS. The trend in prevalence of EP-like lesions was similar for 
BPHS and WPS but differs for NIH&W (Figure 1). The pleurisy prevalence trend pattern was similar to that of 
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(2012) Factors Associated with Pleurisy in Pigs: A Case-Control Analysis of Slaughter Pig Data for England and 
Wales. Plos One 7, http://www.plosone.org/article/fetchObject.action?uri=info%3Adoi%2F10.1371%2Fjournal.
pone.0029655&representation=PDF.

• Sanchez-Vazquez MJ, Strachan WD, Armstrong D, Nielen M, Gunn GJ (2011) The British pig health schemes: 
integrated systems for large-scale pig abattoir lesion monitoring. Veterinary Record 169: 413-U93.

(1) Scotland’s Rural College, Kings Building, West Mains Road, Edinburgh, EH9 3JG, UK, UK  
(2) MossVet, 34 Seagoe Industrial Estate, Portadown, Craigavon, County Armagh BT63 5QD, Northern Ireland, UK 
(3) Department of Veterinary Medicine, University of Cambridge, Madingley Road, Cambridge, CB3 0ES.
(4) Boehringer Ingelheim Vetmedica, Ellesfield Avenue, Bracknell, RG12 8YS, UK

*corresponding author: Carla.gomes@sruc.ac.uk

Figure 2: Annual trend for pericarditis (PC) and milk spots (MS). The dotted lines are the 95% confidence interval.

Discussion

For Scotland, there was an overall increase of respiratory conditions since 2009. England and Wales have 
shown the same increasing trend on respiratory conditions since 2009 mainly due to EP-like and pleurisy 
lesions. While Northern Ireland shows a decrease over time, except for pleurisy. Further research is needed to 
investigate the reasons for these divergent trends observed between schemes particularly for EP-like lesions 
and pleurisy. The prevalence of liver milk spots and papular dermatitis decreased over the years in the three 
schemes, while pericarditis prevalence increased in most recent years and tail damage appeared to increase in 
a subset of the schemes. This evidence, gained from integrating farm data with abattoir monitoring, provides 
a good example of how such data may be taken forward to result in positive health and welfare outcomes, 
both at farm and regional level. 

Conclusion

Continuous standardised monitoring of lesions at slaughter is an effective tool for monitoring disease 
incidence. Early detection of changes, when combined with comparison of similar schemes in countries with 
a similar profile of pig production and management, could enable prompt investigation and ultimately lead 
to ‘safer’ pork.
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