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(not S. Typhimurium nor S. Derby) (10 %), serogroup 
C (10 %) or E (1 %) or rough (N=1). 34 isolates were 
found to be Salmonella but could not be typed any 
further for various reasons.

Discussion
Weaned piglets are often positive for S. Typhimurium 
and therefore an important source of infection of 
breeding gilts or grow / finish pigs. Corridors are 

often contaminated and can be a source of infection. 
Both should therefore be included in a comprehensive 
intervention plan including all-in/all-out management, 
proper cleaning and disinfection of compartments and 
corridors, strict internal and external biosecurity, 
proper pest control, the application of organic acids 
in feed and/or drinking water and, if applicable, 
vaccination of sows, replacement stock and piglets 
against Salmonella Typhimurium.

Table 2: Breakdown of number negative, Salmonella positive and total number of samples by animal type and location 

Table 3: Breakdown of type of Salmonella found by animal category or location

* Corridor: corridor connecting several compartments for this animal type. # Outside in the yard.
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Introduction
Toxoplasma gondii is a relevant foodborne pathogen, 
it is estimated that up to one third of the world 
population has been exposed to the parasite (Tenter 
et al. 2000). In the Netherlands toxoplasmosis ranks 
second on a list of prioritized emerging zoonosis 
(Havelaar et al. 2010) and also second in disease 
burden among 14 foodborne diseases (Mangen et al. 
2017). Data suggest that ingesting improperly cooked 
meat containing T. gondii is one of the major sources 
of infection in Europe and North America (Crotta et 
al. 2017; Guo et al. 2015). The contribution of pork 
to meatborne T. gondii infections is estimated to be 
11 % in the Netherlands (Opsteegh 2011) and is seen 
as an important possible source of human T. gondii 
infections (Foroutan et al. 2019). The European 
Food Safety Authority (EFSA) advised to perform 
serological testing of pigs and on farm audits on 
risk factors (EFSA 2011). To that end, a serological 
monitoring program was developed in a slaughterhouse 
in the Netherlands. In this study, the objective 
is to determine the association between within-
herd seroprevalence, corrected for misclassification 
of samples through Bayesian analyses, and risk 
factors for T. gondii on fattening pig farms in The 
Netherlands. 

Materials and Methods
From 2015 to 2018, HACCP based audits were performed 
on 75 fattening pig farms in The Netherlands to 
identify the presence of potential T. gondii risk 
factors. All farms were conventional pig farms, 
with 15 farms being farrow to finish. As overall 
seroprevalence of T. gondii in pigs in the Netherlands 
is low, estimated at 5 % (1-12 % 95 % CI) by Foroutan 
et al. 2019, approached farms were chosen with the 
knowledge of previous serology data. In this way 
there would be farms with positive serum samples 
and farms without them included in the study. The 
audits were based on an updated version of the 

questionnaire from Mul et al. (2015) and covered the 
following topics: outdoor access, farm biosecurity, 
rodent control, presence of cats, feed and water 
supply. In addition, serum samples (n=6272) from 
fattening pigs were obtained at slaughter throughout 
the year before the audit on the farm was performed. 
These samples were used for antibody testing by 
a PrioCHECK™ Toxoplasma Antibody ELISA. Data were 
analysed using Bayesian statistics, with the within-
farm T. gondii prevalence as dependent variable and 
potential risk factors as independent variables. 
As always with serology, misclassification due to 
false-positive or false-negative results can occur. 
Statistical methods have been developed to account 
for such misclassification, based on frequentistic as 
well as Bayesian approaches (Hui & Walter 1980; Joseph 
et al. 1995). First, all independent variables were 
analysed in a univariate logistic model, and variables 
with a probability ≤0.25 that zero is included in the 
95 % interval were analysed in a multivariable model. 
The multivariate logistic model was fitted using 
backward elimination until all remaining variables 
showed a probability ≤0.05 that zero is included in 
the 95 % interval. Two-way interaction terms were 
evaluated similarly to the main variables regarding 
statistical significance. 

Results
Descriptive results showed that 50 out of the 
75 farms had 1 or more positive serum sample 
in the year before the audit was performed. In 
total 438 samples were positive out of the 6272 
samples. Final Bayesian analyses are currently being 
conducted. However, preliminary results from data 
analysis using frequentistic logistic multivariate 
regression identified two significant risk factors: 
the accessibility of pig feed for cats and the 
provision of well water as drinking water for the 
pigs (Table 1). 

Discussion and Conclusions
The use of serological testing seems to be a valuable 
guide and monitoring tool for the control of T. 
gondii in pork production. In a preliminary analysis, 
a higher within-herd T. gondii seroprevalence on 
fattening pig farms in the Netherlands was associated 
with the accessibility of pig feed for cats and the 
provision of well water as drinking water for the 
pigs. Improvements in farm management on fattening 
pig farms will likely contribute to reduction of 
the human disease burden and is presently studied.
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Table 1: Variables analysed multivariably by backward elimination for association with the presence of T. gondii on 75 Dutch 

pig farms between 2015 and 2018 (univariable P ≤ 0.25)

Risk Factor N Farms Odds Ratio (95 % CI) P-Value

Goats 
Absent 
Present

 
67 
8

Not applicable 0.176

Boots in stable 
Only inside 
Also outside

 
28 
47

Not applicable 0.524

Professional pest control 
Yes 
No

 
33 
42

Not applicable 0.283

Own cats at barnyard 
Absent 
Present

 
42 
33

Not applicable 0.850

Pigfeed accessible for cats 
Absent 
Present

 
49 
26

15.4 (3.0 – 79.4) 0.001

Pig drinking water 
Tap water 
Well

 
34 
41

3.4 (1.1 – 10.7) 0.035

Pigfeed contains whey 
Absent 
Present

 
52 
23

Not applicable 0.429

Pigfeed 
Dry feed 
Wet/liquid feed

 
37 
38

Not applicable 0.069
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Introduction
Salmonellosis remains the most frequent foodborne 
zoonosis after campylobacteriosis (EFSA and ECDC 
2017). The most frequent sources of human infection 
are food products of animal origin. Pork meat has 
been considered as one of the major sources (Bonardi 
2017). Pigs colonized with Salmonella are usually 
asymptomatic healthy carriers (Rostagno and Callaway 
2012) with varied levels and durations of fecal 
shedding (Ivanek et al., 2012). Thus, understand 
the mechanisms that result in more or less shedding 
may provide tools for control. Indeed, it has been 
demonstrated in other species that a minority of the 
infected individuals (super-shedders) are responsible 
of most of the transmission (Gopinath et al., 2014). 
In the frame of MoMIRPPC (EJP One Health), we wanted 
to evaluate the apparition of different shedding 
patterns among a pig population. Then, immune and 
microbiota analyses will be performed in order to 
identify markers link to the shedding status. 

Material and Methods
An experimental trial was conducted with a total of 
45 piglets divided into five groups: one group with 
five piglets as control and four groups each with 
10 piglets (n=40) as inoculated pigs. The piglets 
came from 5 sows and were distributed in such a way 
as to avoid a maternal effect between the groups. 
At 7 weeks of age, the inoculated piglets received 
orally 10 ml of suspension of 108 CFU/ml of a 
monophasic variant of Salmonella Typhimurium strain. 
Pigs were followed during 3 weeks after inoculation 
before being necropsied. Twice a week, individual 
feces were sampled in order to quantify the level of 
Salmonella excretion during the trial. At necropsies, 
level of Salmonella was determined in tonsils, 
mesenteric lymph nodes (MLN), as well as in ileum 
and caecum contents from each pig. To facilitate the 
numeration, the strain inoculated was transformed 
to be resistant to rifampicine. Samples analyzed 
were diluted and directly plating on XLD agar plate 
supplemented with rifampicine.

All statistical analysis have been performed using R 
software version 3.5.2. The total level of excretion 
of each pig during the 3 weeks was determined by 
calculating, with a specific R script, the AULC (Air 
Under the Log Curve). Feces and intestinal contents 
have been frozen for future microbiota analyses. 
Blood was also sampled twice a week, to realize 
later on total blood count (TBC), serological and 
transcriptomic analyses. 

Results
All control pigs remained negative for Salmonella 
throughout the course of the study while all the 
inoculated pigs were quantitatively positive for 
Salmonella shedding during all the study. Salmonella 
shedding varied according pigs and days between 
1.48 to 9.09 Log

10
CFU/g of feces. The excretion pic 

was observed at Day 2 post inoculation, with 6.77 ± 
1.79 Log

10
CFU/g in mean. The AULC calculation allowed 

us to identify three significantly different classes 
(p< 0,01). The three classes gathered 13, 16 and 11, 
high, intermediate and low shedders pigs respectively 
(Fig 1). 
No difference were observed for the AULC value 
according mother (p = 0.42). Indeed, for each sow, 
among the 9 piglets of a same sow, piglets were 
distributed in the 3 class, low, intermediate and 
high shedders. However, AULC values according pens 
were significantly different (p< 0,05). The presence 
of a high shedder pig in a pen would maintain a high 
contamination pressure in the pen, and therefore a 
high excretion of several pigs in the pen all along 
the assay.
After necropsies, for all the pigs, tonsils, caecum 
and ileum contents were highly contaminated (in 
mean, 5.6, 3.7 and 3.5 Log

10
UFC/g, respectively) unlike 

MLN (in mean, 0.85 Log
10
UFC/g). We observed that for 

the group of high shedders, levels of contamination 
was significantly higher for MLN, ileum and caecum 
contents than for the group of low shedders (p< 
0.01) (Table 1). 

Discussion and Conclusion
Pigs infected experimentally with a same dose of 
monophasic variant of Salmonella Typhimurium exhibited 
different shedding levels. This was also described 
after S. Typhimurium infection (Knetter et al., 2015). 
We also demonstrate that, in experimental conditions, 
these different shedding patterns are not linked 
to the mother. Indeed, high and low shedders pigs 
can originate from a same mother. In addition, in 
this study, when pigs are high shedders they also 
contain a significantly higher level of Salmonella in 
mesenteric lymph nodes, ileum and caecum. 
However, the presence of a high shedder pig could 
be responsible of a high global excretion in a pen, 


