Is the presence of Clostridium difficile in the intestines of pigs at slaughter-age related to the farming system?
Abstract

Clostridium difficile is a major cause of colitis and diarrhea in hospitalized people. However more and more studies report about C. difficile infections (CDI) in community settings. Because C. difficile is detected in many animal species and on meat products, it is of importance to get insight whether there is a potential for foodborne transmission of C. difficile. For this study rectum contents of 677 pigs, of which 378 conventional and 292 organic, were collected at the slaughterhouse. An overall C. difficile prevalence of 8,6% (58/677) was found. Both on individual pig level and on herd level no significant difference in prevalence between the two farming types was detected. Sixteen distinct C. difficile ribotypes were found, type 078 dominated with 31,0% (18/58).     
Introduction

In the last decennia, the Gram positive, spore-forming bacterium Clostridium difficile was recognized to be of concern for hospitalized people. After the discovery of the bacterium in 1935, it was initially considered to be a commensal in healthy human beings, particularly in children (Hall and O'Toole, 1935).
However, the combination of an infection with C. difficile, the use of broad spectrum antibiotics and hospitalisation were found to be risk factors for development of C. difficile associated diarrhea (CDAD) (Poutanen and Simor, 2004). Nowadays it seems that infections are not restricted to hospital settings. A study, conducted in the Netherlands, found 1,5% (37/2423) of patients with diarrhea submitted by general practitioners (GP’s) C. difficile toxin positive (Bauer et al., 2009). Eighteen percent of these patients were under the age of 20, twenty-six percent had not used antibiotics during last 6 months nor stayed at a healthcare facility in the year before (Bauer et al., 2009). In a UK study, 2,1% (42/2000) of fecal samples from patients with diarrhea who consulted a GP were cytotoxin-positive, thirty-five percent of CDI (C. difficile infection) cases neither had exposure to antibiotics nor hospitalization (Wilcox et al., 2008). 
C. difficile is found in many animal species, including food animals such as pigs (Keel et al., 2007). Only a few studies report the prevalence of C. difficile in pigs around age of slaughter. The prevalences found in older pigs are much lower compared to young piglets 
 ADDIN EN.CITE 
(Alvarez-Perez et al., 2009; Norman et al., 2009; Weese et al., 2010b)
. In a longitudinal study colonization of C. difficile significantly decreased from 56% (66/117) on day 2 to 3,7% (2/54) on 62 days of age (Weese et al., 2010b). Prevalences for C. difficile found in older pigs are 3,9% (15/382; USA) for sampled grower-finisher pigs (Norman et al., 2009) and  6,9% (30/435; Canada) for grower-finisher pigs close to the time of slaughter (Weese et al., 2010a) at the North-American continent. In Europe percentages of respectively 3,3% (2/61; Austria) and 0% (0/165; Switzerland) were found at the abattoir (Hoffer et al., 2010; Indra et al., 2009).  In a pilot study performed in the Netherlands we found 28% (14/50) C. difficile positive in samples taken at the abattoir (unpublished data). 
Many different C. difficile strains have already been discovered, these strains are classified in ribotypes (Stubbs et al., 1999). There are important human strains of C. difficile found in food animals, especially ribotype 078/toxinotype V is of great importance. One study found that 83% (119/144) of the C. difficile isolates from neonatal pigs were ribotype 078 (Keel et al., 2007). There is also evidence that ribotype 078 may be overrepresented in community associated infections 
 ADDIN EN.CITE 
(Goorhuis et al., 2008a; Goorhuis et al., 2008b; Jhung et al., 2008)
. At the moment ribotype 078 is the third most frequent found ribotype by CDI-patients in the Netherlands (Hensgens et al., 2010). Ribotype 078 isolates that were cultured from faecal samples of humans and piglets, showed a high degree of similarity 
 ADDIN EN.CITE 
(Debast et al., 2009; Goorhuis et al., 2008a)
. Almost all of these isolates contain genes for toxin A (tcdA), toxin B (tcdB), binary toxin, and a 39-base pair deletion in toxin regulator gene (tcdC) 
 ADDIN EN.CITE 
(Debast et al., 2009; Goorhuis et al., 2008a; Goorhuis et al., 2008b; Jhung et al., 2008)
. 
Investigations of retail meat, including pork, revealed that meat can be contaminated with C. difficile 
 ADDIN EN.CITE 
(Rodriguez-Palacios et al., 2007; Songer et al., 2009; Weese et al., 2009)
 but it is not entirely clear whether this contamination originated from infected animals or if the meat was contaminated during processing. Bacteria will be killed by cooking the meat at proper temperature and time, but C. difficile can form spores which are tolerant to heat (Rodriguez-Palacios et al., 2007). This implies that when meat is contaminated the consumer can be infected even after handling the meat with care.

The question that is raised nowadays is whether C. difficile can be transmitted to humans through food of animal origin. Therefore it is important to obtain more insight in the presence of C. difficile in the intestines of slaughter animals.
In addition, it will be of great interest to obtain more insight in the risk factors for colonization. In this study we determined whether the presence of C. difficile in pigs in the slaughterhouse is influenced by the farming system. 
In the last decennium, the discussion about how we should keep animals is getting more and more public attention and the organic sector is growing. The farming system has an influence on the rate of interaction of the animals with the environment. Pigs kept in the organic farming system are able to interact more with the outside world, and inside the stables there has to be stable litter on the ground. The use of antibiotics in the organic farming system is restricted: grower-finisher pigs can only get one treatment in their lives (www.skal.nl). Although in case of IKB certified pigs only antibiotics of the positive list can be used, there are no restrictions in the frequency of antibiotic treatments in the conventional farming system. These factors could have influence on the prevalences of C. difficile in these animals.
Goal of the study

To obtain insight whether there is a potential for foodborne transmission of C. difficile via pig meat to humans, the prevalence of C. difficile in the intestines of pigs at the slaughter line was determined. The ribotypes found in this study were compared to the ribotypes recognized in humans.  Furthermore was defined whether the proportion of pigs with C. difficile in their intestines is different in conventional versus organic farming systems.

Materials and methods

Materials

Sampling

Rectum contents of conventional and organic finisher pigs (aged approximately 6 months) were collected at the slaughter line, right after stunning and bleeding. Samples were all taken at the same slaughterhouse where both conventional and organic pigs are being slaughtered. Pigs were identified by reading their ear tags, information about farming type was provided by the slaughterhouse. The samples were collected during a five week period. Every week sampling was done on a different workday; in the end samples were collected from Monday till Friday. As much organic herds as available were sampled and in addition at least the same number of conventional herds on the same day. 
In this study a farming facility is considered to be an observational unit. Based on literature we expected a prevalence of approximately 3,5% (Indra et al., 2009; Norman et al., 2009). However, a pilot study conducted in a slaughterhouse facility in the Netherlands showed a prevalence of 28% (unpublished data). 
Weese et al based results on 5 samples per farm to determine a farm prevalence (Weese et al., 2010a). Based on literature and the pilot study was decided that a prevalence of 20% or more per observational unit should be detected. Win Episcope 2.0 was used to calculate that, with a C. difficile prevalence of 20% and a herd size of 120 animals, a minimum of 13 animals had to be sampled (Level of Confidence 95%). If one animal was tested positive for C. difficile, the entire observational unit was regarded positive. If all 13 animals were tested negative, the entire observational unit was regarded negative. 

As much samples as possible were collected, with a minimum of 13 samples per herd, without interfering with the production process. 

Collected rectal contents were transferred directly into sealed surgical gloves and placed in a cool box with ice elements to be transported directly afterwards to the laboratory. The samples were processed the same day.
Cultering Clostridium difficile

The procedure followed on the rectum samples is based on the procedure described by Rodriguez-Palacios et al, for the detection of C. difficile on meat samples (Rodriguez-Palacios et al., 2007). 

The culture plates contained C. difficile culture agar (CM0601) with C. difficile moxalactam norfloxacin (CMDN= SR0173E) and 5% horse blood (SR0048C) (CLO agar plate, by Biomérieux). Broth enrichment was used which was prepared by mixing the ingredients of CM0601, except for the agar, with 0,1% sodium taurocholate (Clostridium difficile enrichment broth, Mediaproducts). This is a specific growing medium for C. difficile. 

Approximately 1 gram of rectum content was mixed with 9 ml of the CDMN broth and incubated anaerobically at 37°C for 7 days. The broth was alcohol-shocked for spore selection. Therefore we mixed the broth through vortexing and transferred 2 ml into a sterile test tube and mixed it with 2 ml 96% ethanol. This mixture was left at room temperature for at least 1 hour. Afterwards the mixture was centrifuged (4000 x g for 10 minutes) and the supernatant was removed. The sediment was streaked onto a CLO agar plate and was incubated anaerobically for 4 days by 37°C. C. difficile colonies on the CLO plates were identified by their colony morphology (greyish, nonhemolytic), horse-manure smell and by Gram staining. At least one suspected colony was subcultured from each plate. 
PCR ribotyping

Subcultured colonies were Gram stained again and positive isolates were send to the University Medical Center in Leiden for PCR ribotyping. With an in-house PCR the presence of the GluD gene, encoding the glutamate dehydrogenase specific for C. difficile, was identified (Paltansing et al., 2007), the PCR ribotyping was performed as previously described (Bidet et al., 2000).
Statistical analysis
The results of the microbiological research will be combined with the data of the farms and will be used for an epidemiologic study after risk factors for colonization of C. difficile in slaughter pigs. The data will be analyzed with SPSS statistical software and Win Episcope 2.0.
Methods 

In this observational study (cross-sectional type) the association between the presence of C. difficile in the intestines of slaughter pigs and the farming system will be assessed by using the Odds Ratio to measure the strength of association.

Results
Prevalence 

Samples were taken from 1 July 2010 till 2 August 2010. 
The percentages positive samples divided by sampling day ranged from 0% (0/114) to 18,5% (27/146). For the distribution of the number of samples and the percentage of samples from which C. difficile was isolated over the sampling days see table 1.
Table 1: Distribution percentages positives and number of samples over sampling days.
	Day of sampling
	positive

	Monday (02-08)
	7,4% (10/135)

	Tuesday (13-07)
	10,6% (20/188)

	Wednesday (07-07)
	18,5% (27/146)

	Thursday (01-07)
	1,1% (1/94)

	Friday (23-07)
	0% (0/114)


Rectum contents were obtained from 677 pigs at the slaughterline: 378 conventional and 292 organic pigs, for 7 pigs information about the farming type was missing. These seven samples were excluded from the analysis per farm type but were included in the calculation of the overall C. difficile prevalence.
The prevalence of C. difficile without distinguishing by farming type is 8,6% (58/677). In conventional pigs a prevalence of 9,0% (34/378) was found, in organic pigs 7,5% (22/292) was positive (table 2). Between the two farming systems, C. difficile prevalence was not significantly lower in the organic than in the conventional system. 

Table 2: Distribution of C. difficile positives and negatives at pig level.
	
	Conventional
	Organic
	Total

	C. difficile positive
	34
	22
	56

	C. difficile negative
	344
	270
	614

	Total
	378
	292
	670


Animals from 52 herds were sampled: 33 originated from conventional and 19 from organic farms. The number of animals per herd ranged from 20 to 243, the number of samples taken per herd varied between 2 to 36. 
At herd level 61,5% (24/39) of the herds was considered positive. Not enough samples were obtained of 13 herds to consider them positive or negative. No significant lower prevalence was found between organic herds (53,3%; 8/15) compared to conventional herds (66,7%; 16/24). 
Table 3: Distribution of C. difficile positives and negatives at herd level.
	
	Conventional
	Organic
	Total

	C. difficile positive
	16
	8
	24

	C. difficile negative (13< samples,  prevelance <20%)
	8
	7
	15

	<13 samples, 0 positive samples
	9
	4
	13

	Total
	33
	19
	52


From herds containing 13 samples or more which were considered C. difficile positive, herd prevalences were calculated. Percentages in these herds ranged from 4,2% (1/24) to 28,6% (4/14) in conventional herds, in organic farms from 4,8% (1/21) to 19,4% (7/36).
In herds considered negative the greatest number samples contained 34 samples, the maximum possible prevalence in this herd was calculated with Win Episcope 2.0 and was 7,69%. 
Ribotypes

Sixteen distinct C. difficile ribotypes were found, type 078 dominated with 31,0% (18/58). Other ribotypes found were type 014 (15,5%; 9/58), type 013 (12,1%; 7/58), type 062 (6,9%; 4/58), type 019 (5,2%; 3/58). The remaining 29,3% (17/58) consists of various ribotypes (including type 001). 
Table 4: Enumeration and frequency of C. difficile ribotypes found.
	Ribotype
	Frequency
	% of isolates

	078
	18
	31,0%

	014
	9
	15,5%

	013
	7 
	12,1%

	062
	4
	6,9%

	019
	3
	5,2%

	001
	2
	3,4%

	011
	2
	3,4%

	015
	2
	3,4%

	023
	2
	3,4%

	026
	2
	3,4%

	045
	2
	3,4%

	002
	1
	1,7%

	005
	1
	1,7%

	050
	1
	1,7%

	054
	1
	1,7%

	103
	1
	1,7%


Figure 1: Distribution of C. difficile ribotypes. 
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Discussion
Several studies reported the presence of C. difficile on meat. With this study we wanted to provide new data that contribute to the answer of the question whether C. difficile is a potential foodborne disease. When C. difficile is present in the intestines of pigs at slaughter-age, there is risk of carcass contamination and humans can potentially get infected by consuming retail meat.

Meat-studies report a wide range of prevalences of contaminated pork. Songer et al found 41,3% (19/46) positive for C. difficile in the USA (Songer et al., 2009), Weese et al detected 12% (14/115) in Canada (Weese et al., 2009). In these two studies ribotype 078 was isolated most frequent followed by 027 (Songer et al., 2009; Weese et al., 2009). This study showed 078 as the dominant ribotype in rectum contents of slaughter pigs, on the other hand 027 was not isolated. In Europe three studies, performed in the Netherlands, Sweden and Switzerland, detected no C. difficile contamination in respectively 63, 30 and 46 meat samples of pigs 
 ADDIN EN.CITE 
(De Boer et al., 2010; Hoffer et al., 2010; Von Abercron et al., 2009)
. An Austrian study found only 3% (3/100) positive (Jöbstl et al., 2010). 
The incidence of C. difficile is much lower in pigs around slaughter-age compared to piglets (Norman et al., 2009; Weese et al., 2010b). This phenomenon can also be detected in people, C. difficile can be cultered in stool of 3% of healthy adults and up to 80% of healthy newborns and infants (Kuijper et al., 2006). In healthy adults the mature colonic flora is generally resistant to C. difficile colonization (Borriello, 1990). Few articles report prevalences of C. difficile in pigs around age of slaughter. This study found a C. difficile prevalence of 8,6% (56/677) when all samples of both farming types were included. In an integrated swine operation in the USA a prevalence of 3,9% (15/382) was found in grower-finisher pigs (Norman et al., 2009). Recently, a Canadian study in grower-finisher pigs close to slaughter, found 6,9% (30/435) positive (Weese et al., 2010a). Two European studies report lower prevalences: 3,3% (2/61) was found in an Austrian study (Indra et al., 2009) and a prevalence of 0% (0/165) was found in Switserland (Hoffer et al., 2010), both were based on samples taken at abattoirs. The prevalence found in this study is higher than in all other studies reporting about C. difficile in pigs at slaughter-age. All studies made use of enrichment techniques, which was also used in this study, although the enrichment media and methods differed between the studies. In one study samples were pooled (Norman et al., 2009), this could have influenced the outcome. Possibly a difference in the use of antibiotics between countries could have contributed to varied prevalences between countries. However antibiotics are not yet determined to be a risk factor for C. difficile in pigs. 
In a pilot study performed in the Netherlands an even higher prevalence of 28% (14/50) was found (unpublished data). No explanation can be given for the high prevalence found in the pilot study, but in this study the prevalences found per sampling day varied greatly. The limited number of samples in the pilot study could have given a misrepresentation of the reality.  
Although prevalences of C. difficile on both pig level and herd level were higher in conventional pigs then in organic pigs, the difference between the two farming systems was not significant. Because C. difficile is an environmental bacterium a higher prevalence of the bacterium was expected in organic pigs because these pigs have more opportunities to interact with their environment. They have acces to the open air, which can be either on pasture or on a concrete floor, and there has to be litter on the stable floor. On the other hand is the frequency of antibiotic use in the organic system restricted to only one treatment in the life of the slaughter pig. Use of antibiotics is recognized to be a risk factor for C. difficile infection (CDI) in humans, because they disrupt the residential intestinal flora of the host and diminish the colonization resistance (Poutanen and Simor, 2004). Based on this study we can not conclude the farming system to be a risk factor for the presence of C. difficile. 

In this study a farming facility was considered to be an observational unit. To discover very low prevalences at herd level, many samples had to be taken per herd. In practice this study was restricted by practical limitations. Moreover a prevalence of 28% (14/50) was found in the pilot study. C. difficile was isolated from 61,5% (24/39) of herds. Weese et al assumed farms positive based on only 5 samples per farm and found a prevalence of 33% (15/45) (Weese et al., 2010a). Prevalences of C. difficile found in this study varied markedly between herds. When the percentage of positive animals in a herd is low, more samples are needed to find that herd positive. It is not surprising that the percentage C. difficile positive herds found in this study is higher than found by Weese et al because in this study more samples per herd were taken and lower herd prevalences could be detected (Weese et al., 2010a). Herds can be false-negative if an insufficient number of samples is taken. In this study the sample size per herd was based on a prevalence of 20%, but lower herd prevalences were found. This indicates that the number of samples taken per herd should be even higher. Because pigs in a herd have close interaction with each other expected was that most, if not all, pigs in the herd should carry the bacterium if the herd was positive. However, a variable prevalence of C. difficile was found within herds. 
Borriello et al. suggest that in adult man and animal species the resident bacterial flora protects against C. difficile colonization, leading to a very low prevalence of C. difficile (Borriello, 1990). The high variation of C. difficile within a herd indicates that the presence of the bacterium in a pig is determined by individual risk factors.
All 16 C. difficile ribotypes found in this study have been isolated in humans, several are regularly found in humans with a C. difficile infection. A European study in a hospital setting performed in 2008 found 16% of the isolates ribotype 014/020, 9% type 001 and 8% 078 (Bauer et al., 2010). Hensgens et al found in a study performed in 2008 and 2009 in the Netherlands 16,0% of the C. difficile isolates type 001, 11,6% type 014 and 11,2% type 078 (Hensgens et al., 2010). In this study these ribotypes were isolated in respectively 3,4% (001), 15,5% (014) and 31,0% (078) of the isolates. A possible explanation of the presence of similar ribotypes in humans and pigs is transfer of C. difficile from animals to humans or vice versa. Infection of C. difficile from a common source is another explanation that can not be excluded. More research has to be done to determine the relevance of C. difficile in the environment.
Boundaries and limitations

Before starting the sample taking was decided that a minimum of 13 samples per herd should be taken. During sample taking interfering with de production process had to be avoided. Some farms delivered small herds at the slaughterhouse and it was not always possible to get enough samples from those herds, due to the fact that many pigs within the herds had not enough feces in their rectum. This was probably due to the fasting of the pigs before delivering them to the slaughterhouse. It seemed that this was particularly the case in the conventional pigs, maybe because the organic pigs could eat some of their stable litter. Another possible explanation of an empty rectum is that the pigs already defecated at the cattle-truck, caused by stress during transport. On the other hand more samples were taken of some of the bigger herds because of communicational problems during sampling at the slaughterhouse. 

The method used in this study to detect C. difficile is a qualitative one, nothing can be said about the quantity of bacteria and spores that were present in the original rectal samples. When the quantity of the bacterium in the feces is low, the risk of contamination of the meat will also be lower. While the infectious dose for C. difficile in humans is not known and presumably varies greatly between healthy individuals and those with underlying risk factors, it is plausible that low numbers of spores are less relevant than larger numbers (Weese et al., 2009). So if samples are only positive if an enrichment step is implemented, the levels of C. difficile are possibly to low to be a serious threat for the consumer.

CLO agar plates were in this study incubated for 4 days by 37°C instead of the 2 days used by Rodriguez-Palacios et al (Rodriguez-Palacios et al., 2007). This was performed because the recognition of the C. difficile bacteria under the microscope was improved when comparing results after two and four days of incubation. The risk of longer incubation on a plate is that the C. difficile rods already have lost their spores and no bacteria with spores can be found anymore. This can result in false-negative results.  

Rodriguez-Palacios et al., found possible seasonality in the prevalence of C. difficile. The bacterium was more commonly isolated from meat in January and February (11,5%; 7/61) than during the following months of the study till August (4%; 6/150) (Rodriguez-Palacios et al., 2009). Norman et al also found an increase in the prevalence of C. difficile in the cooler months (September to February: 16,2%) compared to the warmer months (March to August: 10,3%) (Norman et al., 2009). Samples for this study were taken in the months Juli and August, so if there is a seasonal influence on the prevalence then it is possible that the prevalences found in this research are low compared with the mean prevalences determined over the whole year. More research has to be done to ground these assumptions. 
Recommendations 

A longitudinal study in which pigs and their meat products will be sampled in several steps in the production process could give more insight in the source of C. difficile contamination of the retail meat. When the same ribotype is found in a pigs intestines and on the meat products of this pig this indicates that the contamination of the meat is of pig origin.
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