Risk of Salmonella shedding in different pig production systems
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Abstract – The objective of this paper is to describe the Salmonella transfer risk in different conventional and organic pig production systems. Twelve organic, 12 conventional outdoor and 12 conventional indoor herds participated in the investigation. Faecal samples from approximately 50 pigs per herd collected before and after transport to the abattoir were analysed for density of Salmonella, and meat juice samples from the pigs were analysed for antibodies against S. enterica. The results showed that 9,5 % of the organic and 8,1 % of the conventional outdoor pigs were seropositive, but they were unlikely to shed Salmonella on-farm, and less than 1,9 % of the pigs were shedding Salmonella at the abattoir. The indoor pigs had a seroprevalence of 6,8 %, and 2,6 % and 4,0 % of the pigs were shedding Salmonella on-farm and at the abattoir, respectively. This suggests that pigs from low input systems may be more resistant to the pathogen. Further analyses of the data are needed to evaluate the effect of different management strategies in the herds.

Introduction

Pork and pork products are recognised as one of the major sources of human salmonellosis (Wegener and Baggesen, 1996; Lo Fo Wong et al., 2002). Pigs in outdoor production systems benefit from a low animal density, and access to outdoor area, and organic pig production furthermore differs from conventional production in terms of feeding, weaning age, and use of preventive medication (Bonde and Sørensen, 2004). It is therefore likely that the risk of Salmonella is different in organic, outdoor, and indoor pig production. 


Jensen et al. (2004) found that seroprevalence data indicated a higher prevalence of Salmonella in outdoor than conventional indoor pig production systems. In a survey by Hald et al. (1999) the proportion of antibody positive pigs tended to be higher in conventional “free-range” production systems compared to pigs from either organic or indoor production systems. This is partly supported by Meyer et al. (2005) reporting similar findings for sows, while their data on slaughter pigs indicated that conventional slaughter pigs were more likely to be seropositive than organic pigs. 


The presence of antibodies clearly demonstrates that the pig has been exposed to challenge by the enteric pathogen at some stage of its development. However, it is unclear whether the level of Salmonella shedding at slaughter might differ between the production systems, caused by differences in the level of resistance to the pathogen, which may be due to the immune system based disease resistance and/or components of the husbandry systems affecting disease development and pathogen shedding. 


A number of stress factors related to the routine management in a pig herd may increase faecal shedding of pathogens. Further, transport of pigs to the abattoir causes significant stress to the animals, which can trigger an increase in shedding (e.g. Lo Fo Wong et al., 2002). It is therefore essential to compare the faecal pathogen shedding of animals before and after transport to the abattoir, when assessing the risk of pathogen transfer into the food chain.


The objective of this paper is to describe the Salmonella transfer risk in different conventional and organic production systems taking management and transport into account.

Materials and methods

Twelve organic, 12 conventional outdoor and 12 indoor fattening pig herds supplying slaughter pigs to the Danish company Danish Crown have been included in the study. The production system and management in each herd have been described in an interview with the farmer during a farm visit. 


Faecal samples from 5 x 10 randomly chosen and individually marked animals were collected in the herds 1-7 days before slaughter. Further, paired meat juice samples and samples of caecal content from these pigs were collected at the abattoir. 


Faecal and caecal samples were cooled and sent to the laboratory to be analysed for density of enteric Salmonella using the modified NMKL method. The samples were analysed qualitatively, and in case of positive samples also semi-quantitatively. Positive samples were further serotyped.


A meat sample from each pig was frozen, and meat juice (harvested after thawing) was examined for specific antibodies against S. enterica using an indirect enzyme-linked immunosorbent assay (ELISA). The ELISA combined several S. enterica O-antigens, and allowed detection of antibody response after a variety of different S. enterica serovar infections.


Due to lost samples and herds closing down the production during the project period, we will only get 90 % of the 1800 sample sets expected (Table 1).
Results

Herd level risk factors

As listed in Table 1 the majority of herds kept the fattening pigs in pens with solid floors. Indoor herds kept the pigs at a higher stocking density in systems enabling snout contact between pens. While most organic herds were integrated, buying only breeding stock, the conventional herds were more likely to buy growing pigs, and transport and mix unfamiliar animals. Conventional outdoor herds were more likely to use ready-mixed pelleted feed compared to the other systems. 

Laboratory results

The laboratory results (see Fig. 1) showed that 9,5 % of the organic and 8,1 % of the conventional outdoor pigs were seropositive, having an OD%>10 in the ELISA test. Further, pigs from these systems were unlikely to shed Salmonella on-farm, and less than 1,9 % of the pigs were shedding Salmonella at the abattoir. The indoor pigs had a seroprevalence of 6,8 %; 2,6 % and 4,0 % of the pigs were shedding Salmonella on-farm and at the abattoir, respectively. The prevalence of seropositive animals was not significantly different (Χ2-test, P=0,31), but the Salmonella shedding on-farm and at the abattoir was significantly higher in the conventional indoor herds (Χ2-test, P<0,01). 

Salmonella serotypes

The salmonella serotypes in the faecal samples from organic herds were S. typhimurium, S. derby, and S. meleagridis; from conventional outdoor herds: S. typhimurium; and from indoor herds: 
S. typhimurium, S. livingstone, S. infantis, and S. derby.

Discussion

We have detected similar levels of seropositive animals in outdoor systems compared to indoors, while Hald et al. (1999), Jensen et al. (2004), and Meyer
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Figure 1. Prevalence of Salmonella positive animals evaluated in the herd and at the abattoir through qualitative faecal bacteriology, and through seropositive (ELISA OD%>10) meat juice samples 

Table 1. Status regarding analysis of samples, and details about production level, housing system and management in the herds

	
	Organic
	Conv. outdoor
	Conv. indoor

	Sample sets analysed 
	511
	498
	474

	Not yet analysed Feb. ‘06
	50
	60
	20

	Average duration of transport 
	min
	211
	159
	111

	Median yearly production 
	no of pigs
	1300


	2750


	1935 

	Specialised fattening herds
	% of herds
	25
	54
	73

	Continuous production
	% of herds
	42
	62
	64

	Solid floor housing 
	% of herds
	100
	100
	64

	Snout contact between pens
	% of herds
	42
	38
	82

	Less than 0,75 m2 per pig
	% of herds
	8
	8
	82

	Ready-mixed feed
	% of herds
	25
	77
	27

	Pelleted feed
	% of herds
	33
	77
	27


et al. (2005) each found differing results regarding seroprevalence. The low levels of on-farm Salmonella shedding in organic and outdoor pigs suggest that pigs from low input systems may be more resistant to the pathogen. Further analyses of the data are needed to evaluate the effect of different system and management strategies in the herds, as well as the effect of differences in the duration of transport.
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Ark1

																runde 1						runde 2						runde 3						runde 4						runde 5

		Forsøgsnr		System		Lev nr		Navn		Vej		Postnr		By		bes		slagt		kødsaft		bes		slagt		kødsaft		bes		slagt		kødsaft		bes		slagt		kødsaft		bes		slagt		kødsaft				besprøver total		pos		slagtprøver total		pos		kødsaft total		pos		pos>10

		5		Øko		48707		Poul Skovgaard		Lystrupvej 20		3330		Gørløse		18-Jan		19-Jan		19-Jan		29-Mar		30-Mar		30-Mar		24-05-2005, 21/6		22-Jun		22-Jun		16-Aug		17-Aug		17-Aug		29-09-2005, 22/11 05		23-Nov		23-Nov				70		0		49		0		59		3		3

		6		Øko		90712		Arne Juel Jensen		Merløsevej 14		4296		Nyrup		25-Jan		26-Jan		26-Jan		8-Mar		9-Mar		9-Mar		3-May		11-May		11-May		1-Sep		1-Sep		1-Sep		8-Nov		9-Nov		9-Nov				50		0		50		2		50		13		9				besprøver total		pos		neg		slagtprøver total		pos		neg		kødsaft total		pos		neg

		4		Øko		29350		Tage Hansen		Skærsøvej 35		6040		Egtved		17-Jan		24-Jan		24-Jan		4-Apr		11-Apr		11-Apr		6-Jun		13-Jun		13-Jun		23-Aug		29-Aug		29-Aug		13-Oct		17-Oct		17-Oct				48		1		48		4 (IP)		48		5		1		total øko		583		1		582		527		10		517		549		52		497

		9		Øko		46649		Karl Schmidt		Gåskærvej 8		6580		Vamdrup		2-Feb		4-Feb		4-Feb		12-May		13-May		13-May		23-Jun		24-Jun		24-Jun		10-Aug		12-Aug		12-Aug		11/2/05		4-Nov		4-Nov				49		0		49		0		49		15		11		total friland		597		1		596		537		6		531		483		39		444

		1		Øko		13517		Brian Holm		Ulvehøjvej 1		6650		Brørup		3-Feb		7-Feb		7-Feb		14-Apr		18-Apr		18-Apr		1-Jun		6-Jun		6-Jun		13-Oct		17-Oct		17-Oct		10-Nov		14-Nov		14-Nov				50		0		50		0		50		3		1		total konv		610		16		594		474		19		455		484		33		451

		7		Øko		64792		Rud Michael Bruun		Faurskovvej 60		6670		Holsted		09-02-2005, 5/1		16-Feb		16-Feb		10-May		18-May		18-May		15-Jun		20-Jun		20-Jun		17-Aug		19-Aug		19-Aug		19-Oct		24-Oct		24-Oct				60		0		50		0		49		9		3		grand total		1790		18		1772		1538		35		1503		1516		124		1392

		3		Øko		45566		Søren Bak		Lydumgårdvej 10		6830		Nr Nebel		5-Jan		12-Jan		12-Jan		2-Mar		7-Mar		7-Mar		26-May		30-May		30-May		10/27/05		11/2/05		11/2/05		12/14/05		12/21/05		12/21/05				50		0		48		0		50		4		1

		8		Øko		37944		Jøco ApS		Præstevej 4		7830		Vinderup		23-02-2005, 9/2		28-Feb		28-Feb		4-May		9-May		9-May		13-Jul		18-Jul		18-Jul		18-Oct		24-Oct		24-Oct		30-Nov		12/5/05		12/5/05				60		0		48		0		60		8		2		organic

		2		Øko		36592		Niels S. Hansen		Hesselballevej 68		8530		Hjortshøj		8-Feb		9-Feb		9-Feb		26-Apr		27-Apr		27-Apr		21-Jun		22-Jun		22-Jun		17-Oct		19-Oct		19-Oct		1/9/06		1/11/06		1/11/06				50		0		50		0		49		5		1		conv outdoor

		10		Øko				Gunnar Kristensen		Fiskholmvej 3		6520		Toftlund																																																conv indoor

		12		Øko				Brian Schrøder Jørgensen		Rugbjergvej 10				Rødekro		17-Nov		25-Nov		25-Nov		12/12/05		12/14/05		12/14/05		1/4/06		1/6/06		1/6/06		1/26/06		1/27/06		1/27/06		2/9/06		10-Feb		10-Feb				46		0		45		2		46		26		18

		11		Øko				Gert Ladegård Jensen		Toftlundvej 7B				Ikast		9-Nov		14-Nov		14-Nov		12/8/05		12/14/05		12/14/05		1/4/06		1/9/06		1/9/06		26-01-2006, 9/2/06		13-Feb		13-Feb										50		0		40		2		39		12		2		samples in herd

		total øko																																												total øko		583		1		527		6		549		103		52		samples abattoir

																																																														meat juice

		28		Friland		59756		Poul Ove Koch		V. Moselundsvej 18		7441		Bording		20-Jan		26-Jan		26-Jan		7-Apr		12-Apr		12-Apr		26-May		31-May		31-May		25-Aug		29-Aug		29-Aug		20-Oct		24-Oct		24-Oct				50		0		45		0		41		2		1

		25		Friland		46370		Erik Nielsen		Kjeldgårdsvej 8		7451		Sunds		31-Jan		2-Feb		2-Feb		08-03-2005, 21/9		27-Sep		27-Sep		19-Oct		20-Oct		20-Oct		16-Nov		22-Nov		22-Nov		12/14/05		12/19/05		12/19/05				60		0		46		1		47		4		3

		26		Friland		70560		Jørgen M. Christensen		Lillerisvej 21		7900		Nykøbing Mors		5-Jan		12-Jan		12-Jan		16-Mar		21-Mar		21-Mar		25-May		30-May		30-May		31-08-2005, 27/10		31-Oct		31-Oct		24-Nov		29-Nov		29-Nov				60		0		46		0		47		4		2

		22		Friland		14685		Michael Nielsen		Sdr Molgjervej 59		8700		Horsens		11-Jan		12-Jan		12-Jan		8-Mar		9-Mar		9-Mar		11-May		19-May		19-May		16-Jun		22-Jun		22-Jun		12/15/05		12/19/05		12/19/05				49		0		49		0		50		3		1

		27		Friland		33882		Kristen Glerup Kristensen		Kelddalvej 41		9600		Års		22-Feb		23-Feb		23-Feb		3-May		9-May		9-May		23-Jun		30-Jun		30-Jun		13-Sep		14-Sep		14-Sep		1/30/06		2/2/06		2/2/06				48		0		48		1		46		1		0		bact herd samples

		23		Friland		95169		Jørgen Jensen		Åvej 15		9700		Brønderslev		16-Feb		21-Feb		21-Feb		13-Apr		22-Apr		22-Apr		14-Jun		20-Jun		20-Jun		11/3/05		7-Nov		7-Nov		12/19/05		12/21/05		12/21/05				50		1		43		1		43		10		6		bact abattoir samples

		21		Friland		36488		L. og E. Bisgård		Åstrupvej 206		9800		Hjørring		13-Jan		19-Jan		19-Jan		17-Apr		20-Apr		20-Apr		16-Jun		22-Jun		22-Jun		1/10/06		1/11/06		1/11/06		2/7/06		2/8/06		2/8/06				50		0		45		3 (2 IP)		35		17		11		serology meat juice

		24		Friland				Kenn Jensen		Bjørslevvej 11		6920		Videbæk		10/31/05		11/3/05		11/3/05		28-Nov		1-Dec		1-Dec		12/13/05		12/15/05		12/15/05		1/2/06		1/5/06		1/5/06		1/24/06		1/26/06		1/26/06				50		0		47		0		46		9		3

		29		Friland				Carsten Poulsen				7550		Sørvad		11/2/05		11/4/05		11/4/05		22-Nov		25-Nov		25-Nov		12/13/05		12/16/05		12/16/05		1/3/06		1/6/06		1/6/06		1/26/06		1/27/06		1/27/06				50		0		49		0		48		20		9

		30		Friland				Jan Gram Pedersen				7280		Sdr Felding		29-Nov		1-Dec		1-Dec		12/12/05		12/15/05		12/15/05		04-01-2006, 23/1/06		1/25/06		1/25/06																40		0		30		0		30		2		0

		32		Friland				Tykskov Hereford				7330		Brande		22-Nov		23-Nov		23-Nov		1/2/06		1/5/06		1/5/06		1/16/06		1/17/06		1/17/06		1/30/06		2/1/06		2/1/06		20-Feb		22-Feb		22-Feb				50		0		50		0		30		6		3

		31		Friland				B.B. Naturgris		Nr Feldingvej 100		7500		Holstebro		9-Nov		11-Nov		11-Nov		23-Nov		25-Nov		25-Nov		2/2/06		2/3/06		3-Feb		22-Feb		24-Feb		24-Feb										40		0		39		0		20		2		0

		total friland																																												total friland		597		1		537		3		483		80		39

		49		Indendørs		50		Johannes Gregersen		Bredal Vestermark 30		7120		Vejle		22-Feb		24-02-2005, 17/2		24-02-2005, 17/2		21-Mar		22-Mar		22-Mar		08-06-2005, 28/6		29-Jun		29-Jun		11-Jul		13-Jul		13-Jul										60		2		40		0		40		3		3

		44		Indendørs		2107		Anders Skjødt		Sechersvej 6		7171		Uldum		20-Jan		27-Jan		27-Jan		11-Mar		17-Mar		17-Mar		20-May		26-May		26-May		5-Oct		6-Oct		6-Oct		22-Nov		23-Nov		23-Nov				50		0		49		0		47		8		6										ØKO		FRIL		INDE		TOTAL

		45		Indendørs		851		Ingvardt H. Johansen		St Blichersvej 105		7182		Bredsten		14-04-2005, 31/3		19-Apr		19-Apr		25-08-2005 29/11		28-Nov		28-Nov		11/30/05		12/5/05		12/5/05																50		5		30		6		30		10		6								BES		0.1715265866		0.1675041876		2.6229508197		1.0055865922

		43		Indendørs		13081		Evald Godtfredsen		Gøddingvej 12		7184		Åst		17-Feb		22-Feb		22-Feb		8-Apr		12-Apr		12-Apr		9-Jun		14-Jun		14-Jun		3-Oct		4-Oct		4-Oct		12/1/05		12/6/05		12/6/05				50		0		48		0		49		6		2								SLGT		1.8975332068		1.1173184358		4.0084388186		2.2756827048

		47		Indendørs		68015		Per Båstrup		Engebækvej 14		7330		Brande		3-Feb		8-Feb		8-Feb		31-Mar		6-Apr		6-Apr		2-Jun		6-Jun		6-Jun		8-Sep		13-Sep		13-Sep		9-Nov		17-Nov		17-Nov				50		0		48		0		50		2		2								KØDSAFT		9.4717668488		8.0745341615		6.8181818182		8.1794195251

		46		Indendørs		37526		Svend R. Kristensen		Helstrupvej 51		7400		Herning		16/2, 11/1, 26/4		3-May		3-May		29-06-2005, 6/9		9-Sep		9-Sep		4-Oct		6-Oct		6-Oct		8-Nov		10-Nov		10-Nov		12/12/05		12/16/05		12/16/05				80		0		46		0		46		4		1

		48		Indendørs		67165		Guldholt Agro A/S v. Freddy Hauge Andersen		Guldforhovedvej 42		7441		Bording		22-Feb		24-Feb		24-Feb		25-Apr		26-Apr		26-Apr		20-Jun		21-Jun		21-Jun		19-09-2005, 22/11/05, 5/12/05		6-Dec		12/6/05										60		1		39		0		58		1		1

		42		Indendørs		78023		Vagn Korsholm		Ø. Sneptrupvej 27		7451		Sunds		14-Feb		17-Feb		17-Feb		18-04-2005, 13/6		15-Jun		15-Jun		29-Aug		31-Aug		31-Aug		27-Sep		29-Sep		29-Sep										50		0		40		0		30		3		2

		51		Indendørs		38493		Finn Nielsen		Låsbyvej 43		8660		Skanderborg		10-Mar		14-Mar		14-Mar		14-Jul		19-Jul		19-Jul		20-Oct		24-Oct		24-Oct		12/15/05		12/19/05		12/19/05		1/12/06								50		0		40		0		40		6		2

		41		Indendørs		6863		Johs Sommer		Skovhusvej 19		8762		Flemming		4-Jan		7-Jan		7-Jan		7-Mar		11-Mar		11-Mar		24-May		27-May		27-May		9-Aug		11-Aug		11-Aug		05-10-2005, 25/10		27-Oct		27-Oct				60		3		50		0		50		7		5

		50		Indendørs		8314		Peter Jensen		Sørkelvej 44		8882		Fårvang		3-Feb		4-Feb		4-Feb		29-Mar		1-Apr		1-Apr		31-May		2-Jun		2-Jun		9-Aug		12-Aug		12-Aug		26-Oct		28-Oct		28-Oct				50		5		44		13		44		4		3

		52		Indendørs																																																																		i besætning						på slagteri						kødsaft

		total konv																																												total konv		610		16		474		19		484		54		33								observeret		salm +		salm -				salm +		salm -				salm +		salm -

																																																																				øko		1		582		583		10		517		527		52		497		549

																																																																				friland		1		596		597		6		531		537		39		444		483

																																														grand total		1790		18		1538		28		1516		237										inde		16		594		610		19		455		474		33		451		484

																																																																				total		18		1772		1790		35		1503		1538		124		1392		1516

																																																																				forventet

																																																																				øko		6		577		583		12		515		527		45		504		549

																																																																				friland		6		591		597		12		525		537		39.5		443.5		483

																																																																				inde		6		604		610		11		463		474		39.5		444.5		484

																																																																				total		18		1772		1790		35		1503		1538		124		1392		1516

																																																																				0		0.0000032868						0.0092508369						0.3076361894
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