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Abstract
The use of oral fluid for detection and monitoring of swine pathogens in terms of foodborne diseases and risk for zoonosis has not yet been assessed. In this field study, oral fluid testing for diagnosis of methicillin-resistant Staphylococcus aureus (MRSA), Yersinia (Y.) enterocolitica, Salmonella spp., Toxoplasma(T.) gondii and Hepatitis E Virus (HEV) was evaluated, utilizing samples from 33 pig farms, which were taken at the beginning and end of the fattening period. To validate these results oral fluid samples were compared to serum and nasal swabs from individual pigs and pen-based fecal samples. Oral fluids were tested either by commercially available enzyme-linked immunosorbent assay (ELISA) for the detection of Immunoglobulin G (IgG) directed against Salmonella spp., T. gondii, HEV or by culture methods for the detection of Y. enterocolitica and MRSA. For Salmonella spp. and T. gondii no positive results could be obtained in oral fluids, although individual pigs were tested positive. The detection of Y. enterocolitica in fecal samples and oral fluid showed a slight, not significant agreement. The detection of MRSA in nasal swabs and oral fluid showed a moderate and significant agreement at the first and a substantial and significant agreement at the second sampling. The detection of specific IgG against HEV in sera and oral fluid showed a slight and significant agreement at the first and only a slight agreement at the second sampling. These results indicate that oral fluid has the potential to be used as a screening tool for pig herds.
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Introduction
“Saliva is not one of the popular bodily fluids. It lacks the drama of blood, the sincerity of sweat and the emotional appeal of tears”.29
Pigs can act as asymptomatic carriers of different pathogens such as for example different Salmonella serovars. A considerable part of human cases is attributed to the consumption of pork meet.3 Salmonellosis therefore remains a major foodborne disease threat to public health worldwide.18
Another commonly reported foodborne zoonotic disease in European countries is caused by Yersinia (Y.) enterocolitica, the causative agent of Yersioniosis.39 Diarrhea, fever, vomiting, tenesma and abdominal pain characterize Yersioniosis. Y. enterocolitica is primarily transmitted to humans by consumption of contaminated food, especially raw or undercooked pork and pork products.39,44 Y. enterocolitica can be isolated from a variety of domestic and wildlife animals, but pigs are considered to be the main reservoir of human pathogenic strains, because of the high prevalence of these strains in pigs.19,39
Hepatitis E virus (HEV) is the causative agent of Hepatitis E.31 Genotypes 1 and 2 are restricted to humans and the major causes of enterically transmitted hepatitis E in developing countries with poor sanitation conditions28 whereas Genotypes 3 and 4 infect humans, pigs and other animal species and are responsible for sporadic cases of hepatitis E in both developing and industrialized countries.12 So far infections in developed countries have been linked to the history of travel in endemic regions, but recently several autochthonous cases without travel history have been described.40 Increasing evidence indicate that hepatitis E is a zoonotic disease, and domestic pigs, wild boars and perhaps other animal species are reservoirs for HEV without any clinical signs. This ubiquitous nature of the virus in domestic pigs and wild boars raises public health concern for zoonosis and food safety.31
Toxoplasma (T.) gondii, one of the most prevalent parasitic zoonotic diseases, can cause infections of warm blooded animals and humans. While cats act as definitive hosts in the parasite’s life cycle, pigs, chickens, sheep and goats are known to be infected with T. gondii at varying rates, depending on husbandry. Finisher pigs represent the main pig category involved in the transmission of T. gondii infection to humans, as meat derived from finisher pigs is more prone to be consumed either raw or undercooked than that from older pigs.17,45
Staphylococcus (S.) aureus is a potentially pathogenic bacterium that causes a broad spectrum of diseases.16 S. aureus can adapt rapidly to the selective pressure of antibiotics, and this has resulted in the emergence and spread of methicillin-resistant S. aureus (MRSA).16 MRSA is a multidrug resistant Gram-positive bacterium, characterized by the mecA gene, which confers resistance to all β-lactam antibiotics through a penicillin binding protein PBP2a. Additionally, MRSA strains are often resistant to other commonly used antibiotics16 and represents a challenge for antibiotic therapy. It has been spreading worldwide becoming one of the major causes of nosocomial and community-acquired infections in humans.13 As there is evidence that pigs act as a reservoir for MRSA14,25 and that persons with pig exposure are at higher risk for MRSA colonization, concern rises.
In view of the slaughter process data concerning herd health status should be received before slaughtering, because the fore mentioned pathogens hardly cause any symptoms in pigs, therefore no signs of infection can be found during the meat inspection process. With the availability of such data, specific measures could be taken as not to contaminate other pigs or carcasses, e.g. asymptomatic carrier animals could be slaughtered at the end of the day or other slaughter lines could be used. Therefore surveillance programs have to be established to detect biological hazards on herd level before slaughter. Conventional sampling methods, such as blood sampling and swabbing takes much effort, is time and money consuming and causes a lot of stress in pigs. Oral fluid based testing as proposed by Prickett et al.,37 offers an opportunity to gain pig herd health data already at the farm cheaply, routinely and in an animal friendly way. Pigs are naturally very attracted to new things, in this case the rope, and so they deposit oral fluids during the process of interaction.
Oral fluid is defined as the fluid obtained by placing an absorptive device in the mouth.2 Oral fluid consists of saliva, which is composed mostly of water33 and serum transudates originating from the circulatory system.38 In pigs, samples are collected by suspending an absorptive material (e.g. cotton rope) in a pen, the pigs chew on this rope and deposit oral fluid during chewing. Oral fluid is then received by wringing the rope manually. Thus samples collected through this approach fit the definition of oral fluid specimens.33 The immunoglobulin fraction found in oral fluid predominantly consists of immunoglobulin A (IgA).42 Mucosal IgA antibodies are actively produced in plasma cells of local glandular tissue.21 IgG and IgM are also present in oral fluids although in lower quantities than IgA and are primarily derived from serum through ultrafiltration.7 Pathogen specific IgA, IgM and IgG antibodies have all been demonstrated in oral fluid collected from diverse domestic animal species in response to infection.38 Also a variety of infectious agents are known to be shed in oral fluid from pigs (e.g. foot-and-mouth disease virus, classical swine fever virus, porcine reproductive and respiratory syndrome virus).38 Oral fluid is therefore considered an efficient and cost effective approach for surveillance of viruses in swine herds.36 Moreover, the presence of immunoglobulins makes oral fluid to a useful biological specimen for immunological assays. In human medicine several antibody assays (e.g. measles, Bordetella pertussis, Hepatitis C Virus, Human Immunodeficiency Virus (HIV) are described.1,11,22,27 Nevertheless not much is known yet about the suitability of porcine oral fluid for the surveillance of bacteria and parasites, such as Salmonella spp., Y. enterocolitica, MRSA and T. gondii which are important pathogens in view of food safety and risk of zoonosis. Therefore the objectives of this study were to determine if oral fluids obtained under field conditions are suitable for the detection of IgG against HEV, Salmonella spp. and T. gondii by commercially available ELISA tests and for the detection of MRSA and Y. enterocolitica, so as to receive data concerning pig herd health before slaughter process (“preharvest data”) and to compare the results from oral fluids with the results received by conventional sampling methods such as nasal swabs, blood samples and pooled fecal samples.
Materials and Methods
Experimental design
33 Swiss pig farms, located mostly in the central part of Switzerland, as this is the area with the highest pig density in Switzerland 6, were visited at the beginning and end of one fattening period. The majority of farms (63.6%) were sampled either the day new fattening pigs arrived (day 0) or the next following day (day 1). 11 farms (33.3%) were sampled between day 2 and day 4 and only 2 farms had to be sampled at another time point due to farm management reasons. The newly arrived pigs weighed 26kg on average. In the first 23 farms the same ear tagged 1415 pigs were intended to be tested twice (beginning and end of fattening period) for the occurrence of Salmonella spp., Yersinia enterocolitica, T. gondii and Hepatitis E virus using blood samples, nasal swabs, pooled fecal samples and oral fluid samples and 520 pigs were tested for the occurrence of MRSA. In 10 additional farms 295 pigs were tested twice (beginning and end of fattening period) only for the occurrence of MRSA using nasal swabs and oral fluid specimens. For sampling purposes the pigs were fixed by a hog snare. The second sampling took place 1 day to 3 weeks before the pigs were slaughtered. The sample size was determined according to the table of Cannon&Roe9. Serum samples were used to test for the occurrence of antibodies against HEV, Salmonella spp. and T. gondii. In this study the estimated prevalence of 2.3% for Salmonella spp. in slaughter pigs in Switzerland48, the prevalence of HEV and T. gondii in finishing pigs in Switzerland is estimated at 60% and 14% respectively.4,5,47 The prevalence of MRSA is around 20.8% in Swiss fattening pigs8 therefore a smaller number of pigs had to be sampled by nasal swabs. One cotton rope per 20 pigs was used for the collection of oral fluid, which was then analyzed for the occurrence of antibodies against HEV, Salmonella spp. and T. gondii as well as for culturing MRSA and Y. enterocolitica. At both time points a questionnaire was obtained from the farmer to gain information about every aspect of farm management, biosecurity measures, pig health and antibiotic treatments during the fattening period. The farm visits were performed from September 2013 until December 2014 with visits equally distributed during the different seasons and were carried out according to the Swiss Animal Welfare guidelines (study number LU 03/2014).
Oral fluid sample collection and analysis
The oral fluid collection procedure has been fully described by Prickett et al, 2008. In brief, oral fluid samples were collected by hanging a 3-strand twisted, unbleached cotton ropee with a diameter of 12mm within the different pens. If pens contained more than 20 pigs, a second rope was placed in the pen. The ropes were positioned in the pens at shoulder height for the pigs to interact with until they were wet, but for at least 45 minutes after which the wet portion of the rope was inserted into a single-use plastic bag. The fluid was extracted manually squeezing the rope inside the plastic bag. The oral fluid was then decanted into a 10ml tube by cutting a bottom corner of the bag, pipetted into 3 1,8ml cryotubesa and refrigerated overnight. Oral fluid ere tested for antibodies against Salmonella sppb. HEVc and T. gondiid by ELISA and for Y. enterocolitica and MRSA by culture.
Y. enterocolitica was detected by mixing 1ml of oral fluid in 10ml PMB20,30. After 2 weeks of cold enrichment at 4°C, 10l of the enrichment was plated on CIN agarf. The CIN plates were incubated at 30°C for 24-48h. Presumptive positive colonies were subcultured on blood agar and then tested for the urease enzyme. At this point it could only be testified that the colonies were almost certainly Yersinia. Further analysis would have been necessary to confirm this presumption.
A commercial serum ELISA kitd was used for the detection of IgG antibodies against T. gondii in porcine oral fluid. Oral fluid samples were assayed according to the manufacturer’s instruction for serum samples. Oral fluid was tested at a dilution of 1:4 and 1:10. OD was measured at 450 nm (reference filter 620nm) and the test results were interpreted by calculating, for each sample, a percentage of positivity (PP) value relative to the O.D. of the positive control (PP sample = O.D. 450nm Sample/ OD 450nm Positive Control x 100). A PP  15 was regarded as positive and PP values below 15 were considered negative, as suggested by the manufacturer. 
A commercial serum ELISA kitb intended for the detection of antibodies directed against Salmonella spp. was used for the detection of IgG antibodies against Salmonella spp. in porcine oral fluid. Oral fluid samples were assayed according to the manufacturer’s instruction for serum samples, with the exception that oral fluids were centrifuged first and not diluted. In brief, oral fluids were centrifuged at 16110 g-force for 60 seconds and then pipetted onto the microwell plate. The following steps were conducted to the manufacturer’s instructions.
A commercial serum ELISA kitc intended for the detection of HEV specific antibodies was used in porcine oral fluids. Oral fluid samples were assayed according to the manufacturer’s instruction for serum samples, with the exception that oral fluids were centrifuged first (16110 g-force for 60s) and not diluted. 
		For the detection of MRSA 1 ml of oral fluid was centrifuged for 10 minutes at 1970 g-force. Supernatant was discharged and sediment was resuspended in 10 ml Mueller Hinton Broth supplemented with 6.5% NaCl. The following steps were performed as described previously.34 S. aureus was identified using matrix-assisted laser desorption/ionization time-of-flight mass spectroscopy (MALDI TOF MS)g following the direct transfer protocol recommended by the manufacturer. MRSA isolates were confirmed by PCR for the mecA gene as described previously.43
Blood sample collection and analysis
Blood samples were collected from 1415 pigs of 23 fattening farms when pigs were around 26kg and again when pigs were between 80-100kg. Samples were centrifuged for 10 minutes at 1000 g-force and aliquoted into 3 1,8ml cryotubesa and refrigerated. Sera were tested for Salmonella spp. by a commercial ELISA kits intended for the detection of antibodies directed against Salmonella sppb. irrespectively antibodies against HEVc and T. gondiid according to the manufacturer’s instructions and as described previously.47
Nasal swab sample collection and analysis
Nasal swabs were taken from 815 pigs of 33 different fattening farms using transport swabs with Amies Mediumh. Swabs were transferred into tubes containing 10 ml Mueller Hinton Broth supplemented with 6.5% NaCl and processed as described previously.34 S. aureus was identified using matrix-assisted laser desorption/ionization time-of-flight mass spectroscopy (MALDI TOF MS)g following the direct transfer protocol recommended by the manufacturer. Methicillin-resistance of Staphylococcus aureus isolates were confirmed by PCR for the mecA gene as described previously.43 
Fecal sample collection and analysis
Pooled fecal samples for testing of Y. enterocolitica were obtained by collecting fresh manure from each pen, where sampled pigs housed and put into a clean 100ml plastic tube and  refrigerated overnight About 1g fecal material was mixed in 10ml PMB20,30. After 2 weeks of cold enrichment at 4°C, 10l of the enrichment was plated on cefsulodin-irgasan-novobiosin (CIN) agarf. The CIN plates were incubated at 30°C for 24-48h. Presumptive positive colonies were subcultured on blood agar and then tested for the urease enzyme24. At this point it could only be testified that the colonies were almost certainly Yersinia. Further analysis would have been necessary to confirm this presumption.
Statistical analysis
Data recording and editing was done using Office Excel 2007i and the statistical analyses were done using Stata Softwarej. The results of conventional sampling methods were compared with the results from oral fluids. The degree of consistency was tested using Kappa.  A p-value of ≤ .05 was considered as significant. Collected Kappa () values were interpreted as follows. 0.0 = poor agreement of the results, 0.01-0.2 = slight agreement of the results, 0.21-0.40 = fair agreement of the results, 0.41-0.60 = moderate agreement of the results, 0.61-0.80 = substantial agreement of the results and 0.81-0.99 = almost perfect agreement of the results46.
Results
Distribution of the visited farms is shown in Figure 1. Most of the farms were located in central Switzerland that represents the distribution of pig production in Switzerland. At the second sampling point some pigs have either been slaughtered in advance or died. In three farms (farm nr. 8, 14, 19) no second sampling was performed. The accordance of the testresults between pens in regard of oral fluid and in regard of positive tested pigs is shown in Table 1 and Chart 1. Although prevalence for salmonella spp. in serum samples within pens reached up to 25% at the first sampling and up to 50% at the second sampling and up to 55.6% and 91.7% for T. gondii repectively, no positive IgG titers could be detected in all oral fluid samples for these pathogens (data not shown). Therefore a poor agreement between oral fluids and conventional sample matrixes was seen in both pathogens (=0.0000) (Table 2). The detection of MRSA in nasal swabs and oral fluid showed a moderate and significant agreement at the first sampling (=0.4660, p≤0.001. At the second sampling the detection of MRSA in nasal swabs and oral fluid showed a substantial and significant agreement (=0.6038, p≤0.001). The detection of specific IgG against HEV in sera and oral fluid showed a slight and significant agreement at the first sampling (=0.1847, p=0.0316) and a slight, not significant agreement at the second sampling (=0.0879, p=0.1560). The detection of Y. enterocolitica in fecal samples and oral fluid showed a slight, not significant agreement at the first sampling (=0.0017, p=0.4933) and a slight, not significant agreement at the second sampling (=0.0.0824, p=0.1792).	
Discussion
Oral fluid is supposed to be an alternative to serum that can be analyzed for diagnostic purposes, especially for monitoring, surveillance and detection of pathogens and immunoglobulins on herd level. Herd level based sampling using oral fluid offers a cost effective approach, as the number of monitored pigs can be increased within one sample due to the fact that in one sample over 80% of the pigs are represented, when presenting the rope for 60 min41. It can be collected in a non-invasive manner. Due to its many potential advantages, oral fluid diagnosis provides an attractive alternative to more invasive, time-consuming, complicated approaches. Normal pig behavior is beneficial to sample collection, because pigs naturally investigate and chew on new objects within the pen.
Seddon et al.,41 observed a significant increment in the percentage of pigs chewing between 0-15min. Therefore the time period of 45min has been chosen or until the rope was wet sufficiently. In most pens pigs interacted quickly with the rope provided, yet in several pens no collection of oral fluid has been possible, because the pigs were not interested in the rope. In two farms (farm nr. 7 and 13) it was noticed, that they would chew the rope independent of their age (3 months or 6 months). The reason for this unequal interest between pigs from two points of origin may be due to different housing systems at the farrowing sites (e.g., straw, outside yards) or due to breeding reasons, so that the offspring is not as active as in other breed. It is described that in pens with fully slatted floors increasing the number of ropes will lead to an increase in the total chewing-time in pigs, but no such effect is known in straw kennels.41 In some farms (farms nr. 2, 5, 6, 30) pigs would not chew on the rope the first day they arrived on the farm, but eagerly on the second day. This behavior has probably been caused by stress and distraction caused by many new impressions so that the chewing rope did not arouse enough interest. If oral fluid will be used for monitoring and surveillance purposes it will be essential that pigs from all kind of farms will chew on the ropes provided. Therefore the pigs could be trained to chew on the ropes either by placing a rope into the pen to play with or by flavoring these ropes using sugar solutions.23 It should also be considered to sample the pigs before they leave the farrowing site or some days after arrival at the fattening farm. As pigs are more active in the morning this should also be considered. If a monitoring program for heard health in view of the slaughter process will be established using oral fluid, the collection should be done during the fattening period, but only after an adjustment period. 
The purpose of this proof-of concept-study was to examine the use of oral fluids to detect the presence of antibodies against several pathogens (Salmonella spp., T. gondii, HEV) and the presence of pathogens themselves (MRSA, Y. enterocolitica) using tests not validated for oral fluid. In this study the results form oral fluid samples collected from groups of pigs were compared to samples (blood, nasal swabs) collected from individual pigs and groups of pigs (fecal samples). The detection of anti-HEV, anti-Salmonella and anti-Toxoplasma antibodies in oral fluid specimens was evaluated using commercial ELISA’s[endnoteRef:1]b,[endnoteRef:2]c,[endnoteRef:3]d and performed to the manufacturer’s instructions for serum with little adaptation. The ELISA procedures were modified only in the dilution of the oral fluid samples. The validity of this approach was supported by prior evidence, that pigs produce detectable levels of specific antibodies in oral fluid in response to various infections.38 The detection of MRSA and Yersinia in oral fluids using cultural methods, were performed according to Joutsen et al.20,24,30 These procedures were not modified to the sample matrix. The validity of this approach was possible as MRSA are natural occupants of mucous membranes and Y. enterocolitica have their reservoir on the tonsils. Therefore it was suspected, that this two pathogens would also be present in oral fluid, due to the proximity of the organs. [1: ]  [2: ]  [3: ] 

Several hypotheses can be made for the negative outcomes in oral fluid of the ELISA tests for the detection of antibodies against T. gondii and Salmonella spp. Firstly, as it is known, that in oral fluid consistently lower concentrations of antibodies can be found when compared to matched serum samples,7,15 concern rises on the diagnostic sensitivity of antibody-based assays. Secondly, the predominant antibody type in oral fluid is IgA,10 but the test kits used in this study detect antibodies of the IgG isotype. As oral fluid is a filtration of serum, IgG have to be present in oral fluid. It is known that the sample material may affect the results of oral fluid testing.33 For example, oral fluid collected with cotton–based materials contains lower amounts of IgA compared to whole saliva samples in human oral fluid as well as in pig oral fluid but has no decreasing effect on the amount of IgG.33 Due to this fact cotton ropes were used in this study. Furthermore the ELISA’s used in this study are validated for serum and meat juice, not oral fluid. Oral fluid is a different matter, in addition to the lower antibody concentration in serum, there might be inhibitory factors which reduce the amount of antibodies in oral fluid over time as the presence of interfering substances play an important role in oral fluid in humans for PCR.32 It has been seen that if oral fluid is stored, the amount of detectable antibodies decreases (lower OD values). The effects of storage time and storage temperature are not yet fully understood. In additional trials the effect of storage temperature has been assessed, with the highest amount of still available antibodies using GenoTubes[endnoteRef:4] at room temperature (data in attachment). [4: ] 

Antibodies (IgG) against HEV were frequently detectable in oral fluids by ELISA. In comparison with the serum results there was only a weak agreement. In contrast, in 2 farms (Farm 1, Farm 12) all pigs were tested negative in serum for HEV, but oral fluids were tested positive. The reason behind this can only be guessed at this moment, but a cross reaction with antibodies against a different pathogen is supposed. In several farms no agreement was seen between sera and oral fluids, as sera were positive but oral fluids were tested negative. We don’t know yet how to explain these findings, as even though in several farms high prevalence of positive sera was found, oral fluids tested negative, in others high prevalence of positive sera was found and also positive oral fluids. As the ELISA used for this test is only validated for IgG in serum and meat juice it might explain some differences. It might be, that the discrepancy of the results from the used ELISAs is due to the pathogen (HEV, Salmonella spp., T. gondii) tested. In literature ELISA against PRRSV (porcine respiratory and reproductive syndrome virus) work fine.26,35 HEV is a virus as well as PRRSV, T. gondii is a parasite and Salmonella is a bacterium. The immune reaction might be different between viruses, parasites and bacteria and antibodies against different pathogens might also differ. To what extent this influences the antibodies in oral fluid is not known yet, but it might be that antibodies against viruses can be detected easier. Further investigations are needed to detect the differences between these antibodies and the corresponding diagnostic tests.
Several small further trials were performed to try to get more concordant results between oral fluids and conventional sampling methods. This included concentration of oral fluids, changes in incubation temperature and time, evaluation of different storage approaches, spiking steps, and western blotting (data in attachment). 
MRSA was detectable in oral fluids by culture and PCR. These results were compared to the results from culture and PCR of nasal swabs from individual pigs. In making these comparison there was substantial agreement between the test results of the oral fluids by culture and PCR and nasal swabs by culture and PCR. The exceptions to these agreements were the pen based oral fluids from farm nr 32 at both sampling points. Although 96.7% of pigs were tested positive for MRSA at the first sampling, the oral fluid was tested negative. At the second sampling even 100% of the pigs were tested positive, but the oral fluid tested negative. The reason behind this is still unclear, as in the other pens with high prevalence (61.9-100%) also the oral fluids were tested positive. 
The present study shows that oral fluid has the potential for monitoring of different pathogens, but further research is needed, especially in view of ELISA tests and in the detection of IgG against bacteria and parasites in oral fluids. Different pathogens or antibodies test differently in oral fluid. The use of oral fluid samples has many potential advantages in surveillance programs as a large number of pigs or pig herds respectively can be monitored. In this study such a herd-based approach was chosen as a proof-of-concept study. But for further research it will be important to sample individual animals or all animals out of a pen to ascertain the percentage of positive animals needed for pen-based samples (i.e. oral fluid) to test positive.
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Chart 1, Overview



Table 1. Results of Kappa Test for all pathogens, 
* Nasal Swabs for MRSA, fecal samples for Y. enterocolitica
	Pathogen
	Sampling
	Total Nr. of Oral Fluids
	Oral Fluid
	Serum (pen-based)*
	Agreement (%)
	Kappa
	Std. Err.
	Z
	p-value

	
	
	
	
	Neg
	Pos
	
	
	
	
	

	MRSA
	1st
	108
	Neg
	96
	7
	92.59
	0.4660
	0.0882
	5.29
	<0.001

	
	
	
	Pos
	1
	4
	
	
	
	
	

	
	2nd
	135
	Neg
	122
	4
	94.81
	0.6038
	0.0859
	7.03
	<0.001

	
	
	
	Pos
	3
	6
	
	
	
	
	

	Salmonella spp.
	1st
	92
	Neg
	71
	21
	77.17
	0.0000
	
	
	

	
	
	
	Pos
	0
	0
	
	
	
	
	

	
	2nd
	107
	Neg
	58
	49
	54.21
	0.0000
	
	
	

	
	
	
	Pos
	0
	0
	
	
	
	
	

	T. gondii
	1st
	94
	Neg
	65
	29
	69.15
	0.0000
	
	
	

	
	
	
	Pos
	0
	0
	
	
	
	
	

	
	2nd
	107
	Neg
	83
	24
	77.57
	0.0000
	
	
	

	
	
	
	Pos
	0
	0
	
	
	
	
	

	HEV

	1st
	92
	Neg
	69
	13
	79.35
	0.1847
	0.0994
	1.86
	0.0316

	
	
	
	Pos
	6
	4
	
	
	
	
	

	
	2nd
	106
	Neg
	15
	35
	55.66
	0.0879
	0.0869
	1.01
	0.1560

	
	
	
	Pos
	12
	44
	
	
	
	
	

	Y. enterocolitica
	1st
	92
	Neg
	49
	16
	60.22
	0.0017
	0.1034
	0.02
	0.4933

	
	
	
	Pos
	20
	7
	
	
	
	
	

	
	2nd
	106
	Neg
	73
	21
	73.33
	0.0824
	0.0897
	0.92
	0.1792

	
	
	
	Pos
	8
	4
	
	
	
	
	



Total OF	1st sampling	2nd sampling	1st sampling	2nd sampling	1st sampling	2nd sampling	1st sampling	2nd sampling	1st sampling	2nd sampling	Salmonella spp. (ELISA)	HEV (ELISA)	T. gondii (ELISA)	MRSA (culture)	Y. enterocolitica (culture)	92	107	92	102	94	107	108	135	92	106	Pens where OF pos and Pigs pos	1st sampling	2nd sampling	1st sampling	2nd sampling	1st sampling	2nd sampling	1st sampling	2nd sampling	1st sampling	2nd sampling	Salmonella spp. (ELISA)	HEV (ELISA)	T. gondii (ELISA)	MRSA (culture)	Y. enterocolitica (culture)	0	0	4	44	0	0	4	6	7	4	Pens where OF neg and Pigs pos	1st sampling	2nd sampling	1st sampling	2nd sampling	1st sampling	2nd sampling	1st sampling	2nd sampling	1st sampling	2nd sampling	Salmonella spp. (ELISA)	HEV (ELISA)	T. gondii (ELISA)	MRSA (culture)	Y. enterocolitica (culture)	21	49	13	34	29	24	7	4	16	21	Pens where OF pos and Pigs neg	1st sampling	2nd sampling	1st sampling	2nd sampling	1st sampling	2nd sampling	1st sampling	2nd sampling	1st sampling	2nd sampling	Salmonella spp. (ELISA)	HEV (ELISA)	T. gondii (ELISA)	MRSA (culture)	Y. enterocolitica (culture)	0	0	6	12	0	0	1	3	20	8	Pens where OF neg and Pigs neg	1st sampling	2nd sampling	1st sampling	2nd sampling	1st sampling	2nd sampling	1st sampling	2nd sampling	1st sampling	2nd sampling	Salmonella spp. (ELISA)	HEV (ELISA)	T. gondii (ELISA)	MRSA (culture)	Y. enterocolitica (culture)	71	58	69	12	65	83	96	122	49	73	
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