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abStraCt

Clostridium difficile is well known as the most common cause of nosocomial infections in 
human patients. In recent years a change in epidemiology towards an increase in incidence 
and severity of disease, not only inside the hospital, but also in the community, is reported. 
C. difficile is increasingly recognized in veterinary medicine as well and is now considered 
the most important cause of neonatal diarrhea in swine in North America. Research on 
the presence of C. difficile in production and companion animals revealed a huge overlap 
with strains implicated in human C. difficile infection (CDI). This has lead to the concern 
that interspecies transmission of this bacterium occurs. In this review C. difficile infections 
in humans and animals are compared. The pathogenesis, clinical signs, diagnosis and 
prevalence of CDI are described and similarities and differences of CDI between humans 
and animals are discussed.
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IntroduCtIon

Clostridium difficile is a gram positive, spore forming, anaerobic bacterium. Infection 
with this bacterium may result in a symptomless carriership, but may also lead to life 
threatening disease, which can occur without any symptoms of disease or with symptoms, 
such as diarrhoea. After the discovery of the bacterium in 1935, it was initially considered 
a component of the faecal flora of newborns and not thought to be pathogenic (Hall and 
O’Toole, 1935). However, the introduction of broad spectrum antibiotics triggered the 
emergence of pseudomembraneous colitis due to C. difficile and the bacterium is now one 
of the most common causes of nosocomial infections in hospital practice (Kelly and LaMont, 
1993). In many animal species, including food production animals, e.g. pigs and cattle 
(Yaeger et al., 2002; Rodriguez-Palacios et al., 2006; Songer and Anderson, 2006a; Hammitt 
et al., 2008) companion animals, e.g. horses and dogs (Berry and Levett, 1986; Jones et al., 
1987; Madewell et al., 1995; Baverud et al., 1997; Weese et al., 2001; Weese et al., 2001) 
laboratory animals, e.g. hamsters and guinea pigs (Knoop. 1979; Lowe et al., 1980; Rehg and 
Lu, 1982) and wildlife in captivity, e.g. ostriches and elephants (Frazier et al., 1993; Bojesen 
et al., 2006) C. difficile infection (CDI) has been described as well. 

Since the beginning of the twenty-first century, an increase in incidence and severity of CDI 
in humans has been reported worldwide (Pepin et al., 2004; McDonald et al., 2005; Kuijper 
et al., 2006b; Jhung et al., 2008). Besides in the classical risk population, consisting of elderly 
hospitalized patients receiving antibiotics, expansion of CDI is observed in the community 
and in patients previously considered at low risk, such as pregnant women (Abrahamian et 
al., 2006; Rouphael et al., 2008; Wilcox et al., 2008; Huhulescu et al., 2009). This change 
in epidemiology is related to the emergence of novel strains of C. difficile, such as the 027 
ribotype. Another type of strain that is emerging in patients with CDI is ribotype 078, which 
is now the third most common strain in humans in the Netherlands (Hensgens et al., 2009). 
A European hospital based survey showed that 078 is Europe wide also the third most 
encountered strain in humans with CDI (Bauer et al., 2011).
C. difficile has also been recognised as an important cause of neonatal enteritis in swine in 
North America (Yaeger et al., 2002; Songer. 2004a; Songer and Anderson, 2006b). Ribotype 
078 is described as the dominant strain in piglets with CDI in the Netherlands (Keessen et al., 
2010) and it is the predominant ribotype in calves (Keel et al., 2007b; Hammitt et al., 2008).

Similar ribotypes are isolated from humans, production animals and pets (Keel et al., 2007b; 
Goorhuis et al., 2008a; Goorhuis et al., 2008c; Hammitt et al., 2008; Pirs et al., 2008; Zidaric 
et al., 2008; Avbersek et al., 2009b; Debast et al., 2009a; Indra et al., 2009). Together with 
the finding of ribotypes in meat known to be implicated in outbreaks of CDI in humans, this 
has lead to the assumption that transmission of C. difficile from animals to humans is likely 
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to occur (Rodriguez-Palacios et al., 2007; Rupnik. 2007a; Goorhuis et al., 2008b; Debast et 
al., 2009a; Indra et al., 2009; Rodriguez-Palacios et al., 2009; Rupnik et al., 2009; Songer et 
al., 2009; Rodriguez-Palacios et al., 2010; Weese et al., 2010b). 
However, a zoonotic transmission was never demonstrated and since C. difficile is an 
ubiquitous organism, a common source for human and animal isolates can also be an 
explanation. 

the pathogenesis of CdI
There are over 400 different types of C. difficile, of which only the toxin producing strains 
cause disease (Tonna and Welsby, 2005). Toxigenic ribotypes of C. difficile may produce two 
major exotoxins, toxin A (TcdA) and toxin B (TcdB) but can also produce only one of the 
toxins, thus either TcdA or TcdB. Current knowledge on the role of the toxins in CDI is based 
on animal models.
The main difference between the two toxins is that TcdA causes fluid accumulation in various 
animal models whereas TcdB does not (Borriello. 1998; Borriello. 1998). TcdB, however is 
1000 times more potent in its cytotoxic effect than TcdA (Tonna and Welsby, 2005). TcdA 
was considered to be critical for development of diarrhoea, due to its enterotoxic potential, 
whereas TcdB was expected to target the epithelial cells only after the mucosa is damaged by 
TcdA because it has no direct enterotoxic activity in experimental animal models (Poutanen 
and Simor, 2004; Keel and Songer, 2006). However due to the finding of TcdA negative, TcdB 
positive strains causing clinical disease in humans (al-Barrak et al., 1999; van den Berg et 
al., 2004) it was concluded that TcdA presence is not essential for development of disease 
(Poutanen and Simor, 2004; Keel and Songer, 2006). TcdA negative, TcdB positive strains 
are also isolated from animals with diarrhea, including pigs (Squire et al., 2010), horses 
(Magdesian et al., 2002a; Rodriguez-Palacios et al., 2006; Arroyo et al., 2007). In a recent 
study, isogenic single and double mutants of tcdA and tcdB were created and it was proven 
that each of the toxins can independently cause fatal disease in a hamster infection model 
(Kuehne et al., 2010).
Both toxins induce the production of tumour necrosis factor-alpha and proinflammatory 
interleukins. These factors induce the inflammatory cascade, which results in 
pseudomembrane formation in the colon. In humans this may lead to diffuse or patchy 
colitis, with or without pseudomembranes, which can be seen by colonic endoscopy (Kelly 
et al., 1994). The pseudomembranes are composed of neutrophils, fibrin, mucin and cellular 
debris (Poutanen and Simor, 2004). Pseudomembraneous colitis has been reported in a 
captive Kodiak bear after administration of antibiotics ((Orchard et al., 1983) and it can be 
induced in gnotobiotic rats (Czuprynski et al., 1983) and gnotobiotic piglets (Steele et al., 
2010) after inoculation with toxigenic C. difficile. 
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The genes tcdA and tcdB, encode for the the toxins A and B and form together with 
two regulatory genes (tcdC and tcdD) and a porin encoding gene (tcdE), a chromosomal 
pathogenicity locus (Hookman and Barkin, 2007). Polymorphisms or partial deletions of 
the tcdC gene, which downregulates the expression of tcdA and tcdB leads to increased 
production of toxin A and toxin B in vitro (Spigaglia and Mastrantonio, 2002; Hookman 
and Barkin, 2007). Whether this increased toxin production also occurs in vivo is not yet 
proven. An 18bp-deletion in the tcdC gene has been described for ribotype 027 (Warny et 
al., 2005; Martin et al., 2008) and a 39 bp-deletion in the tcdC gene for 078 (Goorhuis et al., 
2008a; Martin et al., 2008) and is assumed to contribute to the virulence of strains with this 
ribotype (Jhung et al., 2008). Apart from the two toxins mentioned above, several C. difficile 
strains, including ribotypes 027 and 078, also produce a binary toxin (CDT). The production 
of CDT was previously more associated with ribotypes of strains from animal origin, but it 
is now also encountered in increasing amounts in isolates causing CDI in humans (Rupnik. 
2007b). CDT is formed by two separate genes (cdtA and cdtB), that are located outside the 
chromosomal pathogenicity island (Hookman and Barkin, 2007). 

The clinical relevance of CDT is still under investigation. Geric et al. (2006) demonstrated 
that TcdA- and TcdB-negative, but binary toxin-positive, C. difficile strains can induce fluid 
accumulation in the rabbit ileal loop assay, but no diarrhea or death was observed in 
hamsters. 
In a retrospective study with human patients with CDI due to a binary toxin positive strain 
with both the TcdA and TcdB gene present and control individuals who had CDI caused by 
TcdA- and TcdB-positive and a binary toxin-negative C. difficile strain, an association was 
observed between the presence of CDT and a more severe form of disease (Barbut et al., 
2005). 

For humans it is postulated that at least three events must occur in the pathogenesis of 
C. difficile diarrhea: 1) any event that causes a disruption of the normal enteric flora, 2) 
colonic colonization with toxigenic C. difficile and 3) growth of C. difficile with elaboration of 
toxins (Poutanen and Simor, 2004). Colonization of C. difficile in human neonates has been 
reported to be asymptomatic, inspite of the presence of stool cytotoxin levels that were 
similar to those in adults with severe colitis (Kelly et al., 1994). Not all neonatal mammals 
are protected against disease, as is shown by the reports on CDI in neonatal piglets, foals 
and hares (Jones et al., 1987; Waters et al., 1998; Magdesian et al., 2002a; Post and Songer, 
2004; Songer et al., 2007; Yaeger et al., 2007; Debast et al., 2009a; Keessen et al., 2010). Like 
humans, newborn rabbits and hamsters are not susceptible to disease (Eglow et al., 1992; 
Keel and Songer, 2006; Keel and Songer, 2007). In newborn rabbits the apparent protection 
against disease by C. difficile correlates with the relative low number of specific intestinal 
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binding sites for C. difficile toxin A in neonates. The number of binding sites increases with 
age to the adult level at 90 days (Eglow et al., 1992). This has led to the hypothesis that 
resistance to disease in neonates is due to a lack of significant numbers of TcdA receptors. 
Keel and Songer (2007) studied this hypothesis by comparing the binding of TcdA to intestinal 
tissue of neonatal piglets and adult hamsters (who are susceptible to disease), with neonatal 
hamsters (not susceptible to disease). Extensive binding of toxin throughout the mucosa of 
the neonatal porcine gastrointestinal tract was demonstrated. Hamster tissue, from both 
neonate and adult hamsters, exhibits binding characteristics similar to those of pig tissue 
(Keel and Songer, 2007). Although consistently lower in neonatal hamsters, significant 
binding of toxin occurred throughout the intestine, suggesting that resistance to the effects 
of C. difficile colonization may be due to factors other than toxin receptor density or affinity 
(Keel and Songer, 2007). 

Lesions due to CDI in animals are similar to those in humans. Pathologically gross lesions in 
piglets with CDI usually include moderate to severe edema of the mesocolon and colonic 
serosal edema is common (Songer and Anderson, 2006a). Focal infiltrations of neutrophils 
into the colonic mucosa and mucosal epithelial erosions or ulcerations are characteristic 
(Anderson and Songer, 2008). The small intestine of piglets is usually not affected (Anderson 
and Songer, 2008). 
Lesions of the intestines of elephants that died of enterocolitis due to C. difficile were 
comparable to those described above, but the lesions were found in both the small and 
large intestine (Bojesen et al., 2006). 
The same applies to veal calves with CDI, where similar lesions were detected, both in the 
small and large intestine (Hammitt et al., 2008), while in foals and rabbits lesions are more 
likely to occur in the small intestine (Keel and Songer, 2006). No explanation for the different 
distribution of lesions in foals, where the lesions are restricted to the small intestines, and 
adult horses, where lesions usually develop more caudally, has been published. 
However, the small intestines of adult horses can also be affected as shown by Arroyo et al. 
(2006) who suggest that C. difficile has a role as a cause of duodenitis-proximal jejunitis (DPJ) 
in adult horses. The reason why these horses developed DPJ instead of colitis is unclear. The 
C. difficile strains that were isolated in the study from horses with DPJ were comparable 
to strains that are usually isolated from horses with colitis (Arroyo et al., 2006). Therefore 
different C. difficile strains do not seem to be the reason for the different locations of lesions 
due to C. difficile in horses. 
In hamsters and guinea pigs the cecum is the predominant site for lesions (Lowe et al., 1980; 
Rehg et al., 1982). There is no likely explanation for the different distribution of lesions in the 
intestinal tract between and within various animal species. Keel and Songer (2006) suggest 
that the distribution of lesions in the intestinal tract is related to the regions in which C. 
difficile is able to proliferate to sufficient high numbers for local lesion development. 
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Clinical Presentation 
Clinical signs of CDI are highly variable within and between species. In humans clinical 
presentations of CDI include asymptomatic carriage, antibiotic-associated colitis without 
pseudomembrane formation, pseudomembranous colitis, and fulminant colitis (Kelly et al., 
1994). CDI is often accompanied by systemic symptoms like fever, nausea, anorexia and 
malaise (Kelly et al., 1994). Diarrhea is not always observed in severely ill patients because 
of toxic dilatation of the colon (toxic megacolon) and paralytic ileus, which can result from 
loss of colonic muscular tonus (Poutanen and Simor, 2004). 

In piglets with CDI, comparable signs are observed. Piglets up to seven days old can be 
affected and present diarrhoea varying from yellow to orange and from pasty, slimy to 
watery (Songer and Anderson, 2006; Debast et al., 2009). Nonetheless, some piglets with 
CDI are non-diarrheic and even constipated or obstipated, although colitis was seen at 
necropsy (Yaeger et al., 2002; Anderson and Songer, 2008). Morbidity of piglets with CDI in a 
farrowing facility is on average two third of litters and one third of individual piglets (Songer. 
2004b), but can be as high as 97-100 percent (Anderson and Songer, 2008; Leengoed et al., 
2008). Mortality attributed to CDI is usually low, although outbreaks have been reported 
with mortality rates as high as 16 percent (Anderson and Songer, 2008). Piglets recovered 
from CDI have growth retardation resulting in ten percent lower weaning weights on average 
(Songer, 2004). Experimental infection studies showed that piglets develop characteristic 
signs of CDI after inoculation with C. difficile spores (Songer and Anderson, 2006; Steele et 
al., 2010) confirming the role of C. difficile as a porcine pathogen. 

CDI in foals and mature horses may vary from mild disease with diarrhoea to life-threatening 
disease characterized by hemorrhagic necrotizing enterocolitis (Jones et al., 1988; Baverud 
et al., 1997). 
It has been studied by several investigators whether the presence of C. difficile and / or its 
toxins is associated with an increased mortality in horses with diarrhea. A prospective study 
on the role of C. difficile in equine diarrhea by Weese et al. (2001a) showed an increased 
mortality when C. difficile toxins were present, however, this was only observed in adult 
horses and not in horses aged less then one year. A retrospective study on C. difficile in 
equine diarrhea by the same author in 2006 gave contrasting results, with no difference in 
mortality rate in adult horses with CDI compared to adult horses without CDI, but a high 
mortality rate of 27 % was observed in horses aged less then a year, which was 0% in the 
previous study (Weese et al., 2001). There is no apparent reason for these differences (Weese 
et al., 2006). A different prevalence of C. difficile strain types could have played a role in this 
discrepancy, but it was not possible to compare strain types between both studies (Weese 
et al., 2006). Higher mortality rates and a more severe clinical disease were associated 
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with metronidazole-resistant isolates of C difficile in horses with acute gastrointestinal 
tract disease (Magdesian et al., 2006). Nonetheless, in the study by Arroyo et al. (2007) no 
association was found between strain type and clinical outcome. Metronidazole resistant 
isolates have not been identified in horses in this study either (Arroyo et al., 2007). In a 
recent study, a significant higher mortality rate for horses with diarrhea and C. difficile toxin 
A in their feces compared to diarrheal horses without toxin A was reported (Ruby et al., 
2009). 

Whether C. difficile plays a role in the occurrence of diarrhea in calves is still unclear. The 
bacterium and its toxins have been identified in calves with diarrhea (Rodriguez-Palacios 
et al., 2006; Hammitt et al., 2008). Oral inoculation of toxigenic C. difficile in newborn 
colostrum-fed calves resulted in faecal/intestinal colonization but not in detection of toxins, 
or signs of enteric disease (Rodriguez-Palacios et al., 2007b). This is in contrast to infection 
studies in hamsters, piglets and foals where diarrhea was induced in most animals within 
48-72 hours after oral infection (Sambol et al., 2001; Arroyo et al., 2004). Direct inoculation 
of the intestines of live anesthetized calves with C. difficile toxins in a study by Hammit et al. 
(2008) resulted in fluid accumulation, tissue damage and neutrophil infiltration, suggesting 
that in vivo toxin production may lead to development of similar lesions.

In dogs a significant association between the presence of diarrhea and the detection of 
C. difficile toxins was observed (Weese et al., 2001; Cave et al., 2002; Marks et al., 2002).  
Furthermore, a significant association between the presence of C. difficile toxins and acute 
hemorrhagic diarrheal syndrome has been reported (Cave et al., 2002). Hemorrhagic 
gastroenteritis has also been documented in two dogs during a hospital outbreak of CDI, 
where one dog tested positive for C. difficile and not for other pathogens, which suggests 
a causal effect of C. difficile (Weese and Armstrong, 2003). The finding of C. difficile and 
its toxins in faecal samples from dogs with chronic diarrhoea that relapsed after cessation 
of metronidazole therapy led to the assumption that C. difficile can be a cause for chronic 
diarrhea in dogs (Berry and Levett, 1986). Nonetheless, the high prevalences of C. difficile 
that are reported from dogs without any signs of enteric disease ((Borriello et al., 1983; 
Riley et al., 1991; Lefebvre, 2006b; Clooten et al., 2008) are making it difficult to determine 
whether C. difficile is indeed a canine pathogen causing CDI, or that toxins are found in feces 
from diarrheal dogs because C. difficile overgrew secondarily.   

Cats can also be colonized with C. difficile without any signs of diarrhea (Borriello et al., 1983; 
Weber et al., 1989; Riley et al., 1991; al Saif and Brazier, 1996). There are indications that 
C. difficile can cause disease in cats as well. Toxigenic C. difficile has been isolated from cats 
with diarrhea that responded to the subsequent treatment with metronidazole (Madewell 
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et al., 1999). There is also a case report where CDI was diagnosed based on the finding of 
toxins in faecal samples of two diarrheal cats from the same household (Weese et al., 2001). 

Colonization with C. difficile in poultry is not correlated with the presence of signs of enteric 
disorders, since in three different studies colonization of chickens without any signs of 
enteric disease is reported (Simango. 2006; Simango and Mwakurudza, 2008; Zidaric et al., 
2008). 

epidemiology
Prevalence and predominant ribotypes of C. difficile 
C. difficile can be cultured from the stool in three percent of healthy human adults and in 
up to 80 percent of healthy newborns and infants (Kuijper et al., 2006a). Iizuka et al. (2004) 
used a new and more sensitive RT-PCR procedure, where the presence of PCR inhibitors in 
feces was eliminated, and found 50 percent of the faecal samples from 30 healthy adult 
volunteers positive for toxigenic C. difficile DNA. Consequently these authors suggest that 
toxigenic C. difficile is more frequently present in human gut microbiota than suspected thus 
far (Iizuka et al., 2004). Molecular epidemiologic tools, such as ribotyping help to provide 
insight in the observed changes in virulence and spread of C. difficile. Outbreaks in human 
hospitals often are associated with ribotype 027, which has a higher sporulation rate to 
improve its spread and survival and produces more toxins then other ribotypes (Loo et al., 
2005; McDonald et al., 2005; Warny et al., 2005; Akerlund et al., 2008; Arvand et al., 2009). 
Ribotype 078 is more associated with community-acquired CDI (Goorhuis et al. 2008b). 
Antibiotic susceptibility profiles of C. difficile strains also correlate with ribotype (John and 
Brazier, 2005; Pepin et al., 2005). Furthermore, severity of disease has been associated with 
strain type in humans and in horses (Samore et al., 1994; Loo et al., 2004; Magdesian et al., 
2006).

Ribotyping of 3,137 C. difficile isolates from faecal samples of humans with CDI, showed that 
type 001 (n=118; 27.4%) was the most common C. difficile PCR ribotype, followed by type 
014 (n=40; 9.3%) and 078 (n=39; 9.1%) (Hensgens et al., 2009). The occurrence of type 078 
was seldom, but it is increasing in prevalence and currently the third most common PCR 
ribotype in Europe (Bauer et al., 2011).  

Since C. difficile was until recently not recognized as a potential pathogen for animals, few 
accurate data are available on its prevalence in animals. In several countries, studies with 
respect to the prevalence and ribotypes of C. difficile in various animal species have been 
conducted. An overview of these studies is given in table 1. Unfortunately however, in most 
of these studies small numbers of animals were included. 
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There is no golden standard or ISO procedure for the detection of C. difficile, leading to the 
use of different methods for detection of the bacterium. Consequently the prevalence of CDI 
determined in these studies differs widely, both among animal species and countries. Due 
to the differences in sample size, age of the sampled animals, sample methods and culture 
methods in the various studies, it is difficult to compare the observed differences. This may 
even lead to discrepant results in comparable studies, as occurred in two studies describing 
the role of C. difficile in diarrhea in veal calves. In a case-control study in calves (mean age 
14.2 days) from dairy farms in Canada C. difficile was isolated more frequently from control 
calves without diarrhea (20/134; 14.9%) than from calves with diarrhea (11/144; 7.6%), but 
the faecal samples of diarrheic calves were significantly more toxin positive than the faecal 
samples of nondiarrheic controls (Rodriguez-Palacios et al., 2006). Hammit et al. (2008) 
conducted a field experiment in the southwestern USA, in which a nearly twofold higher 
rate of infection with C. difficile was found in diarrheic calves than in non-diarrheic calves 
(25.3% versus 13.2%), but toxins were found in a higher percentage (30.2% versus 22.9%) 
in non-diarrheic calves then in diarrheic calves. The observed discrepancy in these studies 
might be due to differences in sampling procedures, e.g. the number of sampled farms and 
the age of the calves, or to the different detection methods for the bacterium and the toxins 
that were used in the studies. 
The predominant ribotype in calves was 078 (Keel et al., 2007; Avberserk et al., 2009), 
All the other riboypes that were isolated from calves, are described as human pathogens 
(Rodriguez-Palacios et al., 2006; Keel et al., 2007; Avberserk et al., 2009; Indra et al., 2009).

The predominant ribotype in pigs is likewise type 078 (Debast et al., 2009; Keel et al., 2007). 
A high prevalence of C. difficile is reported in diarrheal and non-diarrheal piglets, varying 
from 25 percent to 50 percent(Songer and Anderson, 2006a; Alvarez-Perez et al., 2009; 
Avbersek et al., 2009a; Norman et al., 2009). With increasing age the prevalence in pigs 
decreases to around 3 percent at slaughter age (Indra et al., 2009; Norman et al., 2009). 

This age effect is also described in poultry, where a high prevalence of 62 percent was found 
in young poultry which decreased over time (Zidaric et al., 2008). The prevalence in poultry 
varies between 1,6 percent and 29 percent (Al Saif and Brazier, 1996; Simango, 2006; 
Simango and Mwakurudza, 2008; Indra et al., 2009). A high variety of ribotypes was found 
in poultry, including ribotypes that are isolated from humans with CDI (Zidaric et al., 2008). 

A high variety of ribotypes has also been described for horses (Arroyo et al., 2005). 
Predominant ribotypes in horses, e.g. 015, 033, 078 and 001 (Keel et al., 2007; Avbersek et 
al., 2009) are also well-known in humans. The prevalence of C. difficile in very young foals, 
i.e. aged less then 14 days was 29 percent (Baverud et al., 2003) and decreases to 0% to 
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1% in horses older then 14 days (Weese et al., 2001a; Båverud et al., 2003). In horses with 
diarrhea the prevalence of C. difficile varies between 12,7 percent and 42 percent (Weese et 
al., 2001a; Båverud et al., 2003).

In contrast with horses, but comparable to other mammals, in dogs no significant differences 
were found in the isolation rate of C. difficile from diarrheic dogs and nondiarrheic dogs 
(Struble et al., 1994; Marks et al., 2002; Chouicha and Marks, 2006). The finding of a high 
prevalence of non-toxigenic strains has been described in dogs and cats (Struble et al., 
1994; Madewell et al., 1999, Arroyo et al., 2005; Clooten et al., 2008) which underlines 
the importance of the detection of toxins when diagnosing CDI. A significant association 
has been reported between toxins and diarrhea in dogs (Weese et al., 2001b; Cave et al., 
2002; Marks et al., 2002). Colonization rates of C. difficile in healthy dogs and cats in the 
community range from 1,4 percent to 21 percent(Perrin et al., 1993) (Perrin et al., 1993; 
Struble et al., 1994; Al Saif and Brazier, 1996; Weese et al., 2010a). When dogs and cats 
attend veterinary clinics a higher prevalence of C. difficile is reported varying from 18 
percent to 40 percent (Riley et al., 1991; Struble et al., 1994; Clooten et al., 2008). Ribotype 
001 was most commonly found in dogs in Ontario and is also the most common ribotype 
found in hospitalized patients in Ontario (Weese et al., 2010a). 

Except for horses and poultry, the heterogeneity of ribotypes of C. difficile isolates from 
animals is low compared to the heterogeneity that is described for ribotypes from humans 
(Arroyo et al., 2005; Rupnik et al., 2009). This observation is possibly biased because the 
number of animal typing studies is limited compared to the human typing studies (Rupnik 
et al., 2009). Arroyo et al. (2005) compared ribotypes of isolates from humans, horses, 
dogs, a cat and a calf and concluded that while different ribotypes appear to predominate 
in different mammalian species, several indistinguishable strains can be found in multiple 
species, which indicates the probability of interspecies transmission. 

Interspecies transmission
 Similar ribotypes are identified in C. difficile strains from humans and animals. Sometimes 
human strains are even indistinguishable from strains originating from pigs, veal calves, 
horses and dogs (Arroyo et al., 2005; Rodriguez-Palacios et al., 2006; Keel et al., 2007a; 
Jhung et al., 2008; Debast et al., 2009b). Transmission of C. difficile from animals to humans 
could occur via direct contact, via the environment or via the consumption of food from 
animal origin. There is one publication on the potential for transmission via direct contact 
between humans and animals, in which samples from humans and their animals were 
analyzed for the presence of C. difficile. No evidence for transmission between humans and 
farm animals, including horses was found (McNamara et al., 2010). 
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Several studies suggest that C. difficile can be transmitted from humans to dogs. In a study on 
the incidence of hospital-acquired pathogens in hospital visitations dogs, licking of patients, 
accepting treats from patients, sitting directly at the beds of patients and exposure to groups 
of children were identified as risk factors for colonization with C. difficile (Lefebvre et al., 
2009). Furthermore, the presence of an immunocompromised person in the household was 
significantly associated with colonization of dogs (Weese et al. 2010). 

No outbreaks due to foodborne transmission of C. difficile have been reported. Nonetheless, 
several studies report the finding of strains in food products that possess ribotypes commonly 
found in humans with CDI. An overview of the prevalence and ribotypes of C. difficile in the 
different food products and studies is summarized in table 2. In Austria, Canada, Sweden 
and the United States studies have been conducted to determine the presence of C. difficile 
in retail meat. Spores of C. difficile were found on meat samples in all studies, but with very 
different prevalences between countries. Whether this reflects a true different prevalence 
or is due to differences in sampling and culture methods between the various studies is not 
clear. The source of C. difficile in food products is unclear. Contamination of meat might be 
due to C. difficile residing in the gastro-intestinal tract of animals, but could also originate 
from the hands of personnel working in the slaughterhouse, meat processing equipment or 
the slaughterhouse environment. 
In none of the 50 raw milk samples that were included in an Austrian study, C. difficile was 
found (Jobstl et al., 2010). Al Saif and Brazier (1996) report the isolation of C. difficile spores 
from vegetables in South Wales and recently C. difficile spores were detected in ready-to-eat 
salads with ribotypes that are also prevalent in humans (Bakri et al., 2009). The presence of 
C. difficile on food products does not necessarily mean that transmission occurs, however, 
the studies described above show that transmission of C. difficile via food products could 
be possible.
C. difficile has frequently been isolated from environmental samples, including soil, sea 
water and fresh water (al Saif and Brazier, 1996). 

Source of infection
In humans C. difficile is predominantly transmitted nosocomially (Kelly and LaMont, 1993). 
In contrast to humans, CDI is, also in animals that are hospitalized, e.g. companion animals 
like dogs, cats and horses, predominantly community-associated (Arroyo et al., 2007). In 
a recent study it was shown that the majority of dogs and cats from which C. difficile was 
isolated were colonized with C. difficile at the time of admission to a veterinary intensive 
care unit (Clooten et al., 2008). The source of infection was not elucidated. C. difficile strains 
isolated from dogs and their household environment were all different and no association 
was observed between the presence of a colonized dog and the detection of C. difficile 
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in that household (Weese et al., 2010a). A study conducted to determine the source of 
infection with C. difficile in production animals showed that neonatal piglets become 
infected through contamination of the environment in the farrowing wards (Hopman et al., 
2010; Hopman et al., 2010). (Hopman et al., 2010)

risk factors associated with CdI
In humans risk factors associated with CDI have been extensively investigated. The major 
risk factors for humans are use of antibiotics, hospitalization, increasing age and conditions 
that may affect the colonic flora (Bignardi. 1998; Bartlett. 2002; Dallal et al., 2002; Garey et 
al., 2008a; Garey et al., 2008b; Kuijper and van Dissel, 2008). 
The significance of the environment as a potential reservoir for C. difficile and its role in 
subsequent infection remains unclear, primarily because it is difficult to determine whether 
environmental contamination is a cause or a consequence of diarrhea (Kuiper et al., 2006b).  
Hamster and guinea pig are frequently used as models for C. difficile in humans and readily 
develop CDI after antimicrobial therapy (Small, 1968; Knoop, 1979; Lowe et al., 1980), 
which therefore can be considered an important risk factor for CDI in these animals. The 
first description of C. difficile as a primary pathogen for horses occurred more then 20 years 
ago, while in many other animal species the role of C. difficile is still debatable. Therefore 
most research focused on risk factors associated with CDI is conducted in horses. All factors 
that may have an influence on the intestinal bacterial flora, such as stress, transportation, 
hospitalization, starvation, intestinal stasis, surgical or medical treatment and withholding 
roughage, are suggested to be risk factors for CDI in horses (Båverud et al., 1997; Jones, 
2000; Gustafsson et al., 2004), although this is not yet proven. Most research has been 
focused on the role of antimicrobial therapy as a risk factor for CDI in horses. In several 
studies a strong relation between CDI and prior antimicrobial therapy was shown in horses 
(Madewell et al., 1995; Baverud et al., 1997; Ruby et al., 2009). Pretreatment of horses 
with penicillin resulted in significantly more isolated C. difficile from faecal samples from 
horses after experimental infection and confirms the role of antimicrobials as a risk factor 
(Gustafsson et al., 2004). However, both in mature horses and in neonatal foals C. difficile is 
described to induce diarrhoea in the absence of antimicrobial treatment (Jones et al., 1987; 
Baverud et al., 2003). Furthermore, a study to detect predictors for CDI in horses showed 
no significant influence of risk factors like antimicrobial therapy, treatment with gastric acid 
suppressants, transportation, management changes, surgery and hospitalization (Weese et 
al., 2006). The sample size of 34 horses with CDI and 136 horses without CDI might have 
affected the detection of significant risk factors (Weese et al., 2006).  

Antimicrobial treatment is also not a prerequisite for CDI development in dogs (Struble et al., 
1994; Weese et al., 2001b; Cave et al., 2002; Marks et al., 2002). In a study by Clooten et al. 
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(2008) risk factors for C. difficile colonization, but not for of C. difficile infection in dogs and 
cats were investigated. No association was identified between antimicrobial therapy and 
colonization in dogs that were colonized at the time of admission to the hospital. Nonetheless, 
antimicrobial therapy prior to admission and administration of immunosuppressive agents 
during hospitalization were found to be independent risk factors for hospital-associated 
colonization with C. difficile (Clooten et al., 2008). CDI is also described in piglets without 
prior antimicrobial treatment (Waters et al., 1998). 

Hospitalization is another risk factor that was investigated in both humans and animals. 
In veterinary hospitals a high environmental burden with C. difficile is present (al Saif 
and Brazier, 1996; Weese et al., 2000; Baverud et al., 2003). Three decades ago a high 
environmental burden was already described as a risk factor for hamsters (Rehg and Lu, 
1982) and therefore the reports on outbreaks of CDI in dogs and horses in veterinary 
hospitals (Madewell et al., 1995; Baverud et al., 1997; Weese and Armstrong, 2003) were 
not unexpected. Surpisingly in a study on predictors for CDI in horses, hospitalization was 
not identified as a risk factor (Weese et al. (2006). 

A third risk factor that was investigated in both animals and humans is age. Increasing age 
is a risk factor of high importance in humans, but it seems that in production animals, i.e. 
swine and bovine, neonates are especially at risk for CDI. In pigs, spontaneous disease 
almost exclusively occurs in neonates (Waters et al., 1998; Keel and Songer, 2006; Alvarez-
Perez et al., 2009; Debast et al., 2009). The fact that there are no geriatric production 
animals could be explanatory, however in animal species that can be geriatric, such as 
horses, no significant association between age and CDI has been reported. In one study 
colonization with C. difficile was associated with increasing age in dogs (Struble et al., 1994). 
Nevertheless, this result was not confirmed by Marks et al. (2002) who found no association 
between increasing age and detection of C. difficile. 

diagnosis 
Toxin detection in faecal samples is the prime diagnostic test used to detect CDI in humans. 
The reference method for detection of the toxins is a cytotoxicity assay in cell cultures 
that can be neutralised by antiserum (Chang et al., 1979; van den Berg et al., 2007). The 
disadvantages of this cytotoxicity test are its technical complexity, the slow turnaround time 
and the requirement for a cell culture facility (Chang et al., 1979; Delmee et al., 2005). An 
often used method for diagnosing CDI is toxigenic culture, which is a faecal culture followed, 
in the case of positivity, by identification of toxigenic isolates (Cohen et al., 2010). A higher 
sensitivity with toxigenic culture was also obtained in studies by Lozniewski et al. (2001) and 
Delmée et al. (2005). 
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Several commercial enzyme immuno assays (EIA’s) for detection of C. difficile toxin A and B 
are available. EIA’s are rapid, sensitive in human stool samples and relatively easy to perform 
(Nemat et al., 2009). Due to their fast turnaround time, enzyme immuno assays have been 
implemented in most microbiological laboratories (van den Berg et al., 2007). However, 
in cases where the prevalence of C. difficile is relatively low (less then 10%), the positive 
predictive value of these assays is unacceptably low (eg, less then 50 percent), due to the 
high impact of these false positive outcomes on clinical management in hospitals and the 
fact that it will render epidemiological data, based on these tests unreliable (Nemat et al., 
2009). Therefore, it is recommended to improve the diagnosis by using a two test strategy. In 
first instance a highly sensitive rapid screening test for the identification of positive samples 
should be used, followed by a confirmation of these samples with a reference method, such 
as CTA or toxigenic culturing (Planche et al., 2008). 

More recently real-time PCR (RT-PCR) has been developed for the diagnosis of CDI in faecal 
samples. In a prospective multicentre study on human faecal samples, an enzyme-linked 
fluorescent assay, an enzyme-linked assay and an in-house real-time PCR, which detects 
the tcdB gene, were compared with the cell cytotoxicity assay (van den Berg et al., 2007). In 
this study real-time PCR was found to be the preferred rapid method for diagnosing CDI in 
faecal samples because it had the highest concordance with toxigenic culture. The result of 
the RT-PCR in the concordance test with toxigenic culture was 71.4 % which is similar to the 
concordance of the cell cytotoxicity assay (75 %) (van den Berg et al., 2007). This result was 
confirmed by Stamper et al. (2009) who found a commercial RT-PCR assay for tcdB detection 
to be more rapid, more sensitive and equally specific as cell culture cytotoxin testing for the 
direct detection of toxin-producing C. difficile in clinical samples from patients suspected 
for CDI.

Diagnosis of animal CDI is likewise primarily based on the detection of the tcdA/B toxins in 
faecal samples. Although the various methods for detection of these toxins were extensively 
investigated for use in humans, little is known about the validity of the methods when applied 
for detection of tcdA/B toxins in animals. The results of 5 different EIA’s were compared 
with the results of a cell cytotoxicity assay in canine faecal samples of 100 diarrheic and 43 
nondiarrheic dogs and it was concluded that the sensitivity and the specificity of the tests 
was not sufficient for detection of C.difficile toxins in canine faecal samples (Chouicha and 
Marks, 2006). A discrepancy between data from EIA’s and culture was also found in studies 
on CDI in horses (Magdesian et al., 2002b; Arroyo et al., 2007). However, Medina-Torres et 
al. (2010) showed an adequate performance with respect to both sensitivity and specificity 
of the most frequently used EIA in diagnostic laboratories for diagnosis of diarrhea in horses. 
Furthermore, two commercial EIA’s for the detection of C. difficile toxins in humans have 
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been evaluated for use in piglets. A sensitivity of 91% (first EIA compared to cytotoxicity 
assay, which is considered the golden standard) and 39% (second EIA compared to the first 
EIA) was found (Post et al., 2002; Anderson and Songer, 2008). The sensitivity of EIA’s in 
dogs, horses and swine is lower then observed for humans. The presence of an inhibitor in 
animal faecal specimens that may reduce the specificity of binding of the toxins is suggested 
as a possible explanation for these differences in performance characteristics (Chouicha and 
Marks, 2006; Anderson and Songer, 2008). Chouicha and Marks (2006) furthermore suggest 
that the presence of protease activity in animal faecal specimens may also lead to increased 
toxin degradation or that levels of toxins are too low to be detected. The use of EIA’s intended 
for human use in animals without evaluating their test characteristics can make diagnostic 
testing and epidemiologic studies based on these tests, unreliable. Although detection of 
C. difficile by PCR, culture or GDH may be useful in epidemiologic research, it should not be 
applied as a one-step diagnosis for CDI in animal species with a high prevalence of C. difficile 
in healthy subjects. Especially in pigs, dogs and cats, where prevalences in animals without 
diarrhea of around 50 percent were reported (Riley et al., 1991; Avbersek et al., 2009b; 
Norman et al., 2009; Keessen et al., 2010), the positive predictive values of these tests to 
diagnose CDI will be unacceptably low.    

Therapy and Prevention of CDI 
If medically appropriate, the most important first step in the treatment of CDI in humans 
is withholding antibiotics (Poutanen and Simor, 2004). In the case of severe disease, 
antimicrobial therapy directed against C. difficile is required; with oral metronidazole or 
vancomycin therapy (Poutanen and Simor, 2004). Recommendations for horses are similar, 
albeit that the use of vancomycin is advised only when C. difficile strains are resistant to 
metronidazole and supportive therapy alone is not sufficient (Weese et al., 2001a; Båverud, 
2004). Antimicrobial treatment of neonatal pigs has also been described (Post and Songer, 
2004) however, because it is expensive and labour-intensive, given the need to repeatedly 
handle every piglet, this is not recommendable.

At the moment, there are no commercial products available for immunoprophylaxis against 
CDI, but this is subject of ongoing research. The efficacy of antibodies against C. difficile toxin 
A in prevention of clinical disease and reducing carriage of C. difficile was demonstrated 
in hamster and mouse models (Kim et al., 1987; Corthier et al., 1991; Kink and Williams, 
1998; Kink and Williams, 1998; Giannasca et al., 1999; Ward et al., 1999). Recently beneficial 
results of the use of human monoclonal antibodies against C. difficile toxins A and B that 
were administered intravenously for the prevention of recurrence of CDI in humans were 
published (Lowy et al., 2010). 
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As a prevention strategy, competitive exclusion of C. difficile by nontoxigenic strains, was 
shown to be successful in hamsters (Sambol et al., 2002; Merrigan et al., 2003). Songer 
et al. (2007) conducted an experiment with spores of a non-toxigenic strain to prevent 
CDI in neonatal piglets. In the group where the non-toxigenic spores (106 spores) were 
administered orally to newborn pigs, toxins were detected in four of the 29 litters and in five 
of the 145 piglets, compared to 14 of the 29 litters and 20 of the 130 piglets in the control 
group. Given the more then 90% correlation between detection of toxins in rectal swab 
samples and occurrence of typhlocolitis (Songer et al., 2000; Post et al., 2002), it seems 
likely that piglets in the treatment group had substantial benefit from administration of the 
spores of nontoxigenic C. difficile (Songer et al., 2007).

Table 2: Prevalence and ribotypes of C. difficile in food products

Food 
products

Prevalence Ribotype

Retail meat Austria: 3% mixed beef and pork (Jobstl et al., 2010) 
France: 0% pork sausages, 1,9% ground beef (Bouttier et al., 
2010)
Sweden: 2.5% ground meat (Von Abercron et al., 2009)
Canada 2005: 20% ground meat (Rodriguez-Palacios et al., 
2007a)
Canada 2006: 6.7% ground beef, 4.6% veal chops (Rodriguez-
Palacios et al., 2009)
Canada 2009: 12.8 % chicken meat (Weese et al., 2010b)
United States: 42% beef, pork and turkey meat (Songer et 
al., 2007)

A157, 053 (Jobstl et al., 2010)
012 (Bouttier et al., 2010)
027 / 078 (Weese et al., 2010b; 
Rodriguez-Palacios et al., 2009; 
Songer et al., 2007)

Vegetables Scotland: 7.5% ready-to-eat-salads (Bakri et al., 2009)
South Wales: 2.5% vegetables (Al Saif and Brazier, 1996)

017 / 001 (Bakri et al., 2009)

Measures to control Infection 
The ability of C. difficile to produce spores, that can survive for long periods of time on 
surfaces (Gerding et al., 2008) and are resistant to many disinfectants (Settle and Wilcox, 
2008; Shapey et al., 2008) makes infection control a real challenge. The main infection 
control measures in human hospitals are isolation of infected patients, the restrictive use of 
antibiotics (Kelly and LaMont, 1993; Bignardi, 1998; Pépin et al., 2004; Kuijper et al., 2006a), 
a good personal hygiene for which hand washing with soap and water is to be preferred 
over the use of alcohol-based hand rubs, because of the lack of activity of alcohol on spores, 
when contact with C. difficile is suspected or likely (Oughton et al., 2009). Thorough cleaning 
and disinfection of the environment is also required. For disinfection chlorine-based 
disinfectants, accelerated hydrogen peroxide and high-concentration, vaporized hydrogen 
peroxide have proven to be sporicidal (Rutala et al., 1997; Otter and French, 2009; (Alfa et 
al., 2010)). The production of spores by C. difficile can increase when bacteria are exposed 
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to non-chlorine-based cleaning agents and the spores are more resistant than vegetative 
cells to commonly used surface disinfectants, such as quaternary ammonium compounds 
(Wilcox and Fawley, 2000). 

A significant decrease in cases of CDI occurred after the implementation of infection 
control measures during an outbreak of CDI in a small animal veterinary clinic (Weese 
and Armstrong, 2003) . These infection control measures included quarantine of resident 
animals, because they were considered the source of infection for animals in the hospital, 
implementation of full barrier precautions when handling resident dogs or entering their 
housing area, emphasis on personal hygiene, frequent cleaning of floor surfaces with 10% 
bleach solution, and placement of disinfectant footbaths at the entrance to the intensive 
care unit and teaching animal ward. Approximately 20 cm of topsoil of the dog walking yard 
was removed and replaced with clean topsoil and sod, because this was thought to be a 
potential source of infection. 

Båverud (2004) advises a similar infection control approach for horses in veterinary clinics, 
which has as additional elements the routine examination for C difficile of animals with 
antibiotic-associated diarrhea and judicious use of antimicrobials. Furthermore, it was 
recommended to minimize stress factors, such as withholding of roughage and transportation 
and to avoid the accidental ingestion of erythromycin by the dams. These recommendations 
are based on research after risk factors for CDI in horses, general infection control principles 
and practices in human medicine (Baverud. 2004).  

ConCluSIon

Given the fact that the occurrence of CDI is increasingly recognized in both veterinary and 
human medicine, it is important and necessary to exchange information about advances 
in therapeutic or preventive medicine between both professions. However, the role of 
the most important human risk factors (the usage of antibiotics, hospitalization and age) 
is less clear in the development of CDI in animals. Animals can also be used as a model 
for determination whether intervention strategies are successful. An example of this was 
the successful experimental implementation of immunoprophylaxis after its efficacy was 
demonstrated in hamsters and mice. A marked variation of pathogenesis, clinical signs, 
and prevalence can be observed between, but also within species. The possibility that 
interspecies transmission of C. difficile occurs can not be excluded or proven based on the 
studies that are described in this review. However, this seems an important focus for further 
research. 
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abStraCt

Clostridium difficile is emerging as pathogen in man as well as in animals. In 2000 it was 
described as one of the causes of neonatal enteritis in piglets and it is now the most 
common cause of neonatal diarrhoea in the USA. In Europe, C. difficile infection (CDI) in 
both neonatal piglets and adult sows has also been reported. Diagnosis of this infection is 
based on detection of the bacterium C. difficile or its toxins A and B. 
Most detection methods, however, are only validated for diagnosing human infections. In 
this study three commercially available Enzyme Immuno Assays (EIA’s) and a commercial 
real-time-PCR (Becton, Dickinson and Company) were evaluated by testing 172 pig faecal 
specimens (139 diarrheic and 33 nondiarrheic piglets).
 
The results of each test were compared with cytotoxicity assays (CTA) and toxigenic culture 
as gold standards. Compared with CTA, sensitivity, specificity, positive predictive value (PPV) 
and negative predictive value (NPV) were for real-time PCR respectively 91.6%, 37.1%, 
57.6%, and 82.5%, and for Premier Toxin A+B (Meridian): 83.1%, 31.5%, 53.1% and 66.7%, 
and for Immunocard tox A/B (Meridian) 86.6%, 56.8%, 66.9%, and 80.7%, and for VIDAS 
(BioMérieux): 54.8%, 92.6%, 85.0%, and 72.8%.
Compared with toxigenic culture sensitivity, specificity, PPV and NPV were; for real-time 
PCR respectively 93.0%, 34.7%, 50.0%, and 87.5%, and for Premier Toxin A+B: 80.3%, 27.7%, 
43.8%, and 66.7%, and for Immunocard tox A/B: 80.0%, 46.2%, 52.8% and 75.4%, and for 
VIDAS: 56.4%, 89.8%, 77.5%, and 76.7%.

We conclude that all tests had an unacceptable low performance as a single test for detection 
of C. difficile in pig herds and that a two step algorithm is necessary, similar as in human CDI. 
Of all assays, the real-time PCR had the highest NPV compared to both reference methods 
and is therefore the most appropriate test to screen for absence of C. difficile in pigs as a 
first step in the algorithm. The second step would be a confirmation of the positive results 
by toxigenic culture.  
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2IntroduCtIon

Clostridium difficile is reported as the major cause of diarrhoea in piglets from zero to seven 
days old (22). Nonetheless, some piglets with C. difficile infection (CDI) are non-diarrheic 
and even constipated or obstipated, although colitis is seen at necropsy (2, 29). CDI affects 
on average two third of the litters and within litters morbidity can be as high as 97-100 
percent (2, 21, 27). Mortality attributed to CDI in piglets is usually low, although outbreaks 
have been reported with mortality rates as high as 16 percent (2). Piglets recovered from 
CDI have growth retardation resulting in about half a kg lower average weaning weights (21). 

Comparative analysis of piglet C. difficile isolates with isolates from humans suffering from 
CDI in The Netherlands showed overlapping antibiotic susceptibility profiles and a high 
genetic relatedness of the strains (8, 11).  This has led to the assumption that transmission 
of C. difficile from piglets to humans and vice versa is likely to occur (8, 11). Since C. difficile 
is a potential zoonotic pathogen and a major cause of diarrhoea in piglets, it is important 
to gain insight in the prevalence and transmission of C. difficile within and between pig 
populations. A prerequisite for these studies are reliable and validated detection methods. 

No uniform consensus has been achieved on a “gold standard” to diagnose CDI in humans. 
Until recently, cell cytotoxicity assay (CTA) has been used to evaluate the performance of 
new diagnostics tests, but nowadays a known positive faeces culture with a toxin producing 
C. difficile strain (toxigenic culture) is more frequently used (6, 7).

No guidelines are available for diagnosing CDI in animals and literature on this topic is 
scarce. Although commercially available detection methods for C. difficile are extensively 
evaluated for use to detect human infections, their performance in animal samples is largely 
unknown. Two commercial EIA’s (Clostridium difficile Tox A/B II, TechLab, Blacksburg, VA; 
Gastro-tect Clostridium difficile Toxin A + B, Medical Chemical Corporation) for the detection 
of C. difficile toxins in humans have been evaluated for use with piglet faecal samples. A 
sensitivity of 91 percent was found for the Techlab Tox A/B compared to cytotoxicity assay 
(19). The results of the Gastro-tect were compared with the results of the Techlab A/B in 
a study by Anderson and Songer (2) and a 39 percent sensitivity was found. Commercially 
available EIA’s for detection of C. difficile in human faecal samples were also described to 
have lower sensitivity when used in canine and horse  faecal  specimens compared to the 
use in human  faecal  samples (3, 5, 16). 

Recently, commercially available molecular diagnostics, such as real-time PCR (RT-PCR) 
methods for detection of the C. difficile toxin B gene (TcdB) have been introduced to diagnose 
human CDI (7). Except for an in-house developed semi-automatic PCR-method to detect the 
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C. difficile toxin genes A (TcdA), B (TcdB) and a C. difficile specific triose phosphate isomerase 
(tpi) housekeeping gene, Real-time  PCR methods have not been evaluated to diagnose 
animal CDI (1). The aim of this study was to compare the test performances of three different 
immunological assays and one molecular test to CTA and toxigenic culture as gold standard. 
The following three EIA’s for detection of both toxin A and B were included: Premier Toxin 
A+B (Meridian), Premier Immunocard tox A+B (ICTAB, Meridian), VIDAS (bioMérieux) and 
the GeneOhm Cdiff RT-PCR (Becton, Dickinson and Company) for detection of the TcdB gene.

MaterIalS and MethodS

Samples
To obtain faecal samples from neonatal piglets, varying from zero to seven days in age, 
eighteen pig breeding farms were visited between April 2009 and April 2010. The visited 
pig breeding farms were characterized by presence of neonatal diarrhoea for longer than 
6 months. The cause of diarrhoea was diagnosed, but not further specified as Clostridia 
diarrhoea. In addition, both preventive vaccination and therapy with antibiotics were 
unsuccessful.
At each farm faecal samples were taken from piglets from at least three different litters. In 
order to obtain fresh samples, piglets were gently squeezed in the abdomen, to make them 
defecate in sterile 50 ml tubes (Falcon). At least 2.5 ml of faeces was needed to perform 
all assays and culturing of a single sample. If the volume harvested from one piglet was 
insufficient to perform all the assays and culturing samples from piglets were pooled until a 
sample volume of 2.5 ml was reached. 
From piglets with diarrhoea 139 samples were investigated including 89 pooled samples. 
From piglets without diarrhoea 33 samples, which all consisted of pooled samples, were 
examined. Samples were stored immediately in a cool box. After transport the samples were 
split, one part was used for the RT-PCR and stored at -20°C until use, whereas the other part 
to be used for culturing and the EIA’s was stored at 2-8°C, and processed within 48 hours. 
When processing was delayed, samples were stored at -20°C. The frozen samples for culture 
and the EIA’s were thawed only once, just before processing. Culturing and all the EIA’s were 
performed within the same day for each batch of samples. 

Toxigenic Culture
Culturing, isolation and identification of C. difficile:
All  faecal  samples were cultured for presence of C. difficile using Clostridium difficile agar 
(CLO, BioMérieux) and Colombia CNA agar (CNA, BioMérieux) with ethanol shock pre-
treatment as described (13, 26). Inoculated plates were incubated for 48 hours at 37°C in 
an anaerobic environment. Characteristic C. difficile colonies were picked from CLO plates 
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2and recultured upon on Schaedler agar (SCS, BioMérieux) and anaerobically incubated for 
another 48 hours at 37°C. In case no growth on CLO plates was observed, colonies were 
picked from CNA plates and inoculated on SCS plates.  Suspected C. difficile colonies on the 
SCS plates were selected by their typical horse-manure smell, colony morphology and by 
Gram staining. 

PCR analyses
Colonies were cultured in an anaerobic environment on CLOS plates (Becton, Dickinson 
and Company). DNA was isolated from single C. difficile colonies using the QIA amp DNA 
mini blood kit (QIAgen) according to the manufacturers’ protocol. C. difficile isolates were 
confirmed as Clostridium difficile using an in-house developed PCR (18) for the detection of 
the Clostridium difficile glutamate dehydrogenase gene (GluD). Confirmed C. difficile isolates 
were PCR ribotyped and characterized for the presence of genes encoding toxin A and toxin 
B as described previously (4, 18).  

Cell cytotoxicity assay (CTA)
The cell cytotoxicity assay for detection of C. difficile toxins A and B was performed upon 
Vero cell monolayers grown in 24-wells plates (Greiner) as described earlier (25). Faecal 
samples were diluted 1:4 in Eagle’s minimum essential medium (EMEM) supplemented with 
10% fetal bovine serum (FBS) and centrifuged at 12000xg. The resulting supernatant was 
filtered through a 0.45-μm-pore-size filter. Subsequently, the filtrate was diluted 1:10 and 
1:100 in EMEM with 10% FBS. Undiluted filtrate and both serial dilutions were added onto 
the Vero cell monolayers. Parallel samples were incubated with specific C. difficile antitoxin 
which was diluted 1:25 (TechLab, Blacksburg, VA). The cells were examined both after 24 
hours and 48 hours of incubation at 37°C in a 5% CO2 incubator. The result of the cytotoxicity 
assay was considered positive if cell rounding and detachment of cells was seen only in 
monolayers without antitoxin (25). 

Enzyme Immuno Assays
In this study three different types of EIA’s, that detect both toxins A and B, were evaluated: 
the ICTAB (Meridian), which is a membrane-type Enzyme-linked Immuno Assay (ELISA), the 
Premier tox A+B (Meridian) kit, which is a well-type ELISA  and the VIDAS-AB (BioMérieux) 
an Enzyme-linked Fluorescence Immunoassay (ELFA).
All EIA’s were carried out according to the manufacturers’ recommendations. Plates of 
the Premier tox A+B were read at 450/630 nm (EL 800, Universal microplate reader, Bio-
tek instruments inc.). The OD values were recorded and results calculated according to 
manufacturers’ instructions. When the OD value of a sample was above the cut off value, 
the sample was recorded positive. If OD values were equal to the cutoff value, results were 
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recorded as equivocal. The ICTAB was read by eye according to manufactures’ protocol. 
When the entire reaction port was very light blue, this was recorded as an equivocal result.
The Vidas-AB assay was performed on the mini-Vidas, provided by BioMérieux. The Vidas 
used algorithms set by the manufacturer to calculate the results. Results were recorded as 
positive, negative, or equivocal. 

Real-time PCR 
The real-time PCR assay (Becton, Dickinson and Company, GeneOhm) for detection of the 
TcdB gene was performed according to the manufacturers’ instructions on the Smartcycler 
(Cepheid, United Kingdom; supplied by Becton, Dickinson and Company at the time of the 
study). The software of the Smartcycler (Cepheid, United Kingdom) recorded the results of 
the PCR assay as positive, negative, or unresolved.

Statistical analysis
Sensitivity and specificity were calculated for each kit against both gold standard assays (CTA 
and toxigenic culture). The sensitivity and specificity data were used to calculate the positive 
predictive value (PPV) and the negative predictive value (NPV). The data were analyzed with 
SPSS.16 software to determine whether storage conditions influenced the results of the 
detection methods. Therefore, data were stratified based on whether the samples were 
fresh or frozen and the Pearson Chi-Square tests were performed for every detection 
method compared to the reference methods. The Breslow-Day test was used to examine the 
homogeneity of the Odds ratios of the strata. Furthermore, the data of the frozen samples 
were stratified based on the storage time of the samples. Pearson Chi-Square and Breslow-
Day tests were used to examine whether storage time at -20°C influenced the results of the 
detection methods. 

reSultS

Refrigerated and frozen samples
In total 172 samples were analyzed with the methods mentioned. In total 35 samples were 
processed within 48 hours and 137 samples were frozen upon arrival and processed after 
thawing once. Statistical analysis showed that the Breslow-Day test was not significant for 
any of the tests, indicating that the storage conditions did not influence the results of the 
detection methods. The P-values of the Breslow-Day test are given in table 4. Therefore, 
it was not necessary to calculate the specificity and sensitivity for the fresh and frozen 
samples separately. The storage time of the frozen samples varied from 1 to 6 months. When 
comparing the test results of samples processed within 2 months (n=38) to test results of 
samples processed after 2 months (n=99), no significant differences between test results 
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seen in table 4. When comparing the test results of the samples obtained within 2 months 
(n=38) with the test results of the samples obtained between 4.5 to 6 months (n=39) no 
significant differences were found either (see table 4).  

Equivocal values
Using the VIDAS, 31 samples (18.0%) were recorded as equivocal. The ICTAB resulted in 
9 (5.2%) equivocal values. These equivocal values were excluded from the analysis of the 
performance characteristics of both tests. 
The manufacturer’s recommendation, in case of equivocal results, was not followed in this 
study as insufficient substrate was left to repeat the test with the original specimen and 
repeated sampling was not possible due to practical considerations.   

Isolation and characterization of C. difficile
C. difficile was isolated from 71 (41.3%) of the 172 faecal samples: 59 (34%) isolated strains 
were derived from diarrhoeal piglets (n=139) and 12 (36%) isolates were cultured from non-
diarrhoeal piglets (n=33). 70 of the 71 isolates were characterized as PCR ribotype 078 and 
one isolate belonged to PCR ribotype 045. An overview of these results is given in table 
1. The difference in prevalence of C. difficile between the diarrhoeal and non-diarrhoeal 
piglets was not significant (P=0.52).

Table 1: Results of CTA and toxigenic culture

Animal characteristics
Toxigenic 
culture result

No. of 
samples (%)

PCR 
ribotype

CTA 
result

No. of 
samples (%)

Diarrhoeal piglets Pos. 59 (42.4) 078/045 Pos. 68 (48.9)

Neg. 80 (57.6) Neg. 71 (41.3)

Non-diarrhoeal piglets Pos. 12 (36.4) 078 Pos. 15 (45.5)

Neg. 21 (63.6) Neg. 18 (54.5)

Total piglets Pos. 71 (41.3) 078/045 Pos. 83 (48.3)

Neg. 101 (58.7) Neg. 89 (51.7)

a. Pos. = positive; Neg. = negative.; Equiv. = equivocal
b. CTA = cytotoxicity assay

Cytotoxicity assay (CTA)
The results of the CTA are shown in table 1.
In total 83 (48.3%) of the 172 faecal samples were positive with CTA. All positive results 
were observed within 24 hours incubation. Of the faecal samples of 139 diarrhoeal piglets 
68 (48.9%) were positive with CTA, whereas of the 33 non-diarrhoeal piglets 15 (45.5%) 
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faecal samples were positive. No difference in prevalence between the diarrhoeal and non-
diarrhoeal piglets was found (P=0.72).

Concordant results 
Concordant results with all detection methods, including the reference methods, were 
observed in 29 (17%) samples. Concordant positive results for all methods were recorded in 
24 samples (14%) and concordant negative results in 5 samples (3%).
A positive result for all the toxin detection methods, including CTA, was observed in 30 
samples (17%). 

Sensitivity, specificity, PPV and NPV of the EIA’s and the PCR assay compared with toxigenic 
culture and CTA
The sensitivity and specificity data of the EIA’s and the RT- PCR assay calculated against CTA 
and toxigenic culture are shown in table 2 and 3. 
The GeneOhm PCR assay was more sensitive than the EIA’s in comparison with both 
reference methods. The GeneOhm was less specific than the ICTAB or VIDAS. The specificity 
of the tests ranged from 27.7 to 92.6 percent. The VIDAS performed best, but none of the 
test had a high specificity. 

The data on positive and negative predictive values of the EIA’s and the GeneOhm compared 
with both reference methods are shown in table 2 and 3. The highest NPV was obtained with 
the GeneOhm. The PPV of the GeneOhm, ICTAB and Premier Toxin A+B were comparable. 
The highest positive predictive value was obtained with the VIDAS.  

dISCuSSIon

This study shows that current commercially available tests for detection of C. difficile or 
its toxins in humans with CDI have a much lower sensitivity and specificity when used in 
porcine faecal samples than described in human stool samples. For the evaluation of these 
tests 172 faecal samples of piglets were analyzed with three EIA’s, one RT-PCR and two 
reference methods considered as gold standards. Even though there was a high prevalence 
of CDI in the study population, the positive and negative predictive values of the tests were 
unacceptable low. The concordance between the tests and the reference methods was only 
16.9 percent. 

The lower sensitivity and specificity of the tests than reported for use in human samples is 
in concordance with other studies, where the performance of EIA’s in faecal samples of pigs, 
dogs, and horses was also described to be less than in human faecal samples (2, 3, 5, 16).
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The different results of the tests when used in animals compared to humans are likely due 
to host-dependent variations because of the targets of the tests and not due to fundamental 
differences in sensitivity and specificity. For example, environmental uptake of spores by a 
pig could lead to transient carriership, without colonization of the pig. It is possible that such 
a pig only harbours spores, but not vegetative cells and therefore would likely be culture 
positive but negative for toxin, by either ELISA or cytotoxicity assay, and might even be PCR 
negative, if spores are refractive to lysis. 

The lower specificity of the detection methods when used to detect CDI in animals has 
been described to be caused by the presence of an inhibitor in animal faeces that reduces 
the specificity of binding of the toxins (2, 5). Denaturation of the toxin, or proteolytic 
degradation, would affect activity of the toxin and therefore cytotoxicity results, but 
not necessarily antigenicity, which could to opposite test results from the same sample. 
However, published data on defined inhibitors in animal faecal specimens are not available. 
This seems an important focus for further research.
 
Discordant results with the reference methods were obtained with all tests used in this study. 
One test (VIDAS) also had a high number (18.0%) of equivocal results. The samples that 
yielded discordant results with the reference methods varied widely between the different 
tests, indicating that it was not a core group of samples repeatedly giving false positive or 
negative results. This implies that incorrect results were neither due to inaccuracy of the 
interpreter of the assays nor due to the presence of disturbing substances in a group of 
samples. Negative toxin tests of faeces that harbour C. difficile could reflect colonization with 
a non-toxigenic C. difficile strain. Since all recovered isolates of this study were toxigenic, this 
can be excluded for our study. Another reason for discrepancy between negative toxin tests 
and positive culture results could be toxin degradation due to inappropriate storage, but all 
manufacturers’ instructions state that freezing of faecal samples at -20°C will not affect test 
results. The study of Weese et al. (28) showed that toxins remain detectable using an ELISA 
(Clostridium difficile Tox A/B Test, TechLab) when faeces samples from horses inoculated 
with C.difficile  isolates were stored at -20°C for 60 days. Nonetheless, contrasting results 
were reported by Freeman and Wilcox (10) who diluted human faeces 1/20 in pre-reduced 
phosphate buffered saline (PBS; pH 7.4) and inoculated each of these faecal emulsions with 
one of three different C. difficile strains. Toxin titers of the inoculated faecal emulsions that 
were frozen at -20°C and measured by CTA became significantly lower than toxin titers of 
refrigerated faecal emulsions (P < 0.01) by day 56 of the experiment in faecal emulsions 
inoculated for two of the three strains used. These two studies suggest that storage at -20°C 
might have resulted in loss of cytotoxicity, but not of immunological recognition of the 
toxins (10, 28). Nonetheless, in our study no significant differences were found between 



Evaluation of four different diagnostic tests to detect Clostridium difficile in piglets 

43

Ch
ap

te
r 

2samples that were frozen for less then two months and samples that remained frozen for 
longer times. 

Table 4: P-value of the Breslow-Day Test statistic for all tests results stratified on storage conditions.

Storage condition P-value Breslow-Day Test Statistic

Cta toxigenic culture

refrigerated versus frozen samples

Premier 0.332 0.525

ICTAB 0.773 0.793

VIDAS 0.053 0.840

Processed within 2 months versus processed after 2 months

RT-PCR 0.906 0.569

Premier 0.237 0.345

ICTAB 0.249 0.742

VIDAS 0.632 0.969

Processed within 2 months versus processed after 4.5 to 6 months

RT-PCR 0.835 0.416

Premier 0.594 0.065

ICTAB 0.110 0.672

VIDAS 0.244 0.668

Furthermore, Chouicha and Marks (5) suggest that the presence of protease activity in 
animal faecal specimens may also lead to increased toxin degradation and toxins may not 
even reach detection level. Finally, it remains possible that the presence of toxin producing 
strains in faeces samples and the absence of free toxins A and B, reflect an asymptomatic 
carriership, as is known for humans. Another reason for a discrepancy between a negative 
CTA and a positive culture of toxin producing strain is a lack of a standardized CTA. 
No standard protocol for the CTA exists. This results in differences in cell line used for 
the assay, with different sensitivities, and in different methods, such as dilution of stool 
specimens (15). 

Results would likely show host-dependent variations because of the targets of the tests and 
not due to fundamental differences in sensitivity and specificity. 
For example, a pig that harbored spores but not vegetative cells would likely be culture 
positive but negative for toxin (by either ELISA or cytotoxicity assay) and might be PCR 
negative (spores refractive to lysis). 
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Since denaturation of the toxin, or proteolytic degradation, would affect activity (cytotoxicity) 
but not necessarily antigenicity, some samples would give opposite test results. In our study 
the concordance between the two reference methods was 79.1 percent. The sensitivity of 
the CTA compared to toxigenic culture was 83.1 percent. A low sensitivity of the CTA has 
previously been reported by several authors, varying from 56.7 percent (9), 61.7 percent 
(24) and 74.0 percent (14). The sensitivity of toxigenic culture compared to CTA was 71.1 
percent. It is difficult to compare reported data on the sensitivity of culture, due to the 
differences in culture methods, e.g. with or without enrichment, heat- or alcohol shock 
and the use of different C. difficile specific media. In our study samples were pre-treated 
with an alcohol shock, followed by inoculation on standard commercial media to improve 
comparability of our results. Reller et al. (20) followed a similar culture method for human 
samples, although the pre-treatment was with heat instead of alcohol and they reported a 
sensitivity of 87 percent. 

The low sensitivity of the reference methods used in this study hampers the PPV values of 
the four studied test methods considerably. The high prevalence of positive samples in this 
study increases the PPV of the tests. Because the PPV and NPV of a test are co-determined 
by the prevalence of the pathogen in the sampled population, it is important to evaluate a 
test in a population with a prevalence that reflects the normal situation. The high prevalence 
of C. difficile (41.3 percent with toxigenic culture and 48.3 percent with CTA) in this study is 
in concordance with prevalences of C. difficile reported in piglets in other studies in different 
countries (17, 22, 30). 

The main difference between diagnosing CDI in humans and in pigs is the fact that in humans 
the individual patient is diagnosed, whereas in pigs CDI is diagnosed in groups of pigs or 
herds. The sensitivity, specificity, and predictive values of the tests are too low for diagnosis 
of CDI in the individual piglet, however the tests can be used for screening for presence of 
C. difficile in pig herds. A test with a high sensitivity ensures that farms where C. difficile is 
present can be identified. The fact that C. difficile is a possible zoonotic pathogen, may lead to 
future surveillance programs for C. difficile in pigs on farms. This underlines the importance 
of a high NPV of a test to reliably declare a pig herd free of C. difficile. The GeneOhm PCR 
assay showed the highest sensitivity and NPV and is therefore the most suitable test for 
screening a large number of samples for C. difficile on pig farms. However, the PPV of the 
GeneOhm PCR assay is rather low. Consequently, a two-step algorithm is necessary with 
as a second step confirmation of samples that were positive with the GeneOhm PCR. 
The confirmatory test could be a reference test, such as toxigenic culture. An additional 
advantage of culture would be that more information about the isolate, such as ribotype 
and antibiotic susceptibility can be obtained. A two-step algorithm is also recommended in 
human medicine for diagnosis of CDI (6, 7).
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could have influenced the sensitivity of the tests. Ribotyping of the isolates that were 
obtained in this study showed that 70 isolates (99% of all isolates) belonged to PCR ribotype 
078 and one isolate was identified as type 045. The predominance of type 078 could have 
attributed to the low sensitivity of the assays, because recent research by Tenover et al. (23) 
shows that the PCR ribotype of strains can have an impact on the sensitivity of molecular 
diagnostics and EIA’s of human faeces samples. A lower sensitivity (81.8 percent with the 
RT-PCR and 63.6 percent with EIA) was found for the C. difficile PCR ribotype 078 than for 
many other ribotypes (for example, 027: 100 percent with the RT-PCR and 78.4 percent with 
EIA) using molecular diagnostics and EIA’s (23). The high prevalence of ribotype 078 reflects 
the current situation in the Netherlands, where 078 is the predominant ribotype in piglets 
(12). Furthermore, it would have been interesting to include another RT-PCR in the study. 
The strengths of our study are the study design with the use of both gold standards as a 
reference and it is the first study to evaluate a commercially available RT-PCR and three EIA’s 
for the use of detection of C. difficile in pigs.

We conclude that all tests in our study had an unacceptable low performance and that a two 
step algorithm is necessary, similar as in human medicine. 
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abStraCt

Clostridium difficile is recognized as an important cause of nosocomial diarrhoea in humans 
after administration of antibiotics. In pigs Clostridium difficile can cause neonatal enteritis 
and can be isolated from faeces from both diseased and healthy animals. 
Dutch C. difficile strains, isolated from diseased piglets, were indistinguishable from strains 
isolated from human patients, and belong to ribotype 078. 

The present study specifies how soon C. difficile can be isolated from newborn piglets after 
birth and how C. difficile spreads within a farm. Six sows, their farrowing crates and their 
litters (72 piglets) at one farm were sampled until C. difficile was found in all piglets. 

Within 48 hours after birth, all 72 piglets became positive for C. difficile ribotype 078. 
Moreover, all sows became positive within 113 hours after parturition and the farrowing 
crates were found intermittently positive. Twenty-one C. difficile 078 isolates, found at 
the farm, were further analyzed by MLVA (Multiple-locus variable-number tandem repeat 
analysis). 
In addition, 38 caesarean derived piglets were sampled immediately after surgery. All these 
piglets tested negative at delivery and stayed negative during the 21 days in which they were 
kept in sterile incubators. 

This study shows that C. difficile ribotype 078 seems to spread easily between sows, piglets 
and the environment. Vertical transmission of C. difficile ribotype 078 was not found and 
seems very unlikely to occur. 
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IntroduCtIon

Clostridium difficile (CD) is an anaerobic Gram-positive, spore-forming bacterium. It is widely 
distributed and can be found in soil, water, intestinal tracts of animals, and even on meat (Al 
Saif et al., 1996; Kuijper et al., 2006; Rodriguez-Palacios et al., 2007). CD has been found in 
a wide variety of animal species e.g. pigs, calves, dogs, horses, ostriches, elephants, ratites, 
cats and mice (Baverud et al., 2003; Arroyo et al., 2005; Rodriguez-Palacios et al., 2006; 
Songer et al., 2006; Kawano et al., 2007; Avbersek et al., 2009; Debast et al., 2009; Norman 
et al., 2009;).
Isolation by culturing and toxin detection are the main methods used in the laboratory for 
diagnosis of CD associated disease (CDAD) in humans (Delmée, 2001). 
For typing of CD various techniques are used, as PCR ribotyping, pulsed-field gel 
electrophoresis and toxinotyping (Weese, 2010). Using PCR-ribotyping, CD can be divided in 
more than 300 different ribotypes. 

In the Netherlands, the prevalence of CD ribotypes, causing problems in humans, is 
changing. In a study conducted in 2005, the mean incidence rate of CDAD was 16/10.000 
patients admissions with most frequently occurring PCR ribotypes 027 (16%) and 014 (16%) 
(Paltansing et al., 2007). In 2008 an incidence rate of 18/10.000 patient admissions was 
found with most occurring PCR ribotypes 001 (16%), 014 (11,6%) and 078 (11,2 %). PCR 
ribotype 027 was found in 3,9% of the isolates. (Hensgens et al., 2010) 
In humans, an infection with CD can cause disease with varying symptoms, ranging from 
mild diarrhoea to severe and life-threatening pseudomembranous colitis (Bartlett et al., 
2005; Kuijper et al., 2006). 

In piglets, an infection with CD can cause neonatal enteritis. Pigs, 1-7 days old, are affected 
and may show diarrhoea, although, some pigs are obstipated. (Songer et al., 2006) The CD 
ribotype mostly found in neonatal piglets in The Netherlands is ribotype 078 (Keessen et 
al., 2010). 
Debast et al. (2009) isolated CD ribotype 078 strains from diseased piglets from two Dutch 
pig-breeding farms with problems of neonatal diarrhoea and from Dutch human patients. 
These ribotype 078 strains were indistinguishable. Therefore a common origin of human 
and animal strains could be considered.

Because pigs can be either clinical hosts of CD and/or possible reservoirs for humans, more 
understanding of the epidemiology of CD among pigs is needed. Besides, when more is 
known about the epidemiology of CD it might be possible to advise farmers on taking 
measures against CD infections in neonatal piglets. 
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The objective of this study was to determine how soon after birth, CD ribotype 078 could 
be isolated from newborn piglets. In addition, the newborn’s environment, e.g. sows and 
farrowing crates, were sampled for CD to determine by which routes piglets get infected.  

MaterIalS and MethodS

Sampling
The research was conducted at a Dutch pig-breeding farm with 200 sows, where Clostridium 
difficile ribotype 078 was known to be present. Sows, the environment and piglets (normally 
born or by caesarean section) were sampled. 

Sampling before and after normal parturition: after the sows (6) entered their individual 
farrowing crate, a stool sample of the sow and a sample of the farrowing crate were 
collected (with a maximum of three days before parturition). Within 15 hours after birth of 
the piglets, the sow, its environment and the neonatal piglets were sampled. A rectal stool 
sample was taken of the sow, the environment was sampled using electrostatic cloths and 
piglets were sampled using rectal swabs. All 72 piglets from these 6 litters got an ear tag 
and were monitored for illness, as diarrhoea, during the sampling period. Subsequently, the 
newborn piglets, the sow and the environment were sampled once a day until Clostridium 
difficile was detected. 
The teats of the sow and the ambient air of the farrowing compartment were infrequently 
sampled. 
Another six sows and their farrowing crates were sampled before delivery, their piglets were 
not monitored, because first samples of the newborn piglets could not be taken within 15 
hours post partum.

Caesarean section: 48 hours before caesarean section, three sows, from the same herd, 
and their farrowing crates were sampled. Thirty-eight caesarean derived and colostrum 
deprived (CDCD) piglets housed in sterile incubators, were sampled one hour after surgery 
and at 5 and 21 days of age.   

Culturing
All rectal and environment samples were cultured for CD using an enrichment broth as 
described by Rodriguez-Palacios et al. (2007). After enrichment in Clostridium difficile 
moxalactam norfloxacin (CDMN) broth (broth produced by Mediaproducts, The Netherlands), 
the culture broth was homogenized and two ml was transferred into a sterile tube. The 
broth was mixed with two ml 96% ethanol and left at room temperature for >60 minutes 
(alcohol shock to select for bacterial spores). After centrifugation (4000 x g for 10 min), 
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the supernatant was discarded and the sediment was plated onto commercially-prepared 
Clostridium difficile agar (Clostridium difficile agar (CLO agar), Biomérieux). These culture 
plates were incubated anaerobically, using gaspaks (GasPak EZ Anaerobe Container System 
Sachets, BD) and anaerobic jars, at 37 oC for at least 48 hours. 

Colonies characteristic for CD were identified by morphological criteria, the characteristic 
horse-manure odour and Gram-staining. Confirmation of identification of CD was done at 
the University Medical Center in Leiden. Genetic identification of CD was done by an in-
house PCR for the presence of the gene encoding glutamate dehydrogenase (gluD) specific 
for CD (Paltansing et al., 2007). All strains were further investigated by PCR-ribotyping based 
upon Bidet et al. (2000).
Molecular genotyping by MLVA was performed for 21 selected CD ribotype 078 strains to 
determine genetic relatedness of these strains. MLVA was performed as described by Bakker 
et al. (in press). 

Piglet samples 
Fresh stool samples were taken using rectal swabs. After sampling, the swabs were placed 
immediately in Cary Blair Transport Medium (Cary Blair Transport Medium, bioTrading) 
and in a coolbox for transport to the laboratory. Approximately 1 g of faeces or, in case 
of insufficient faeces, only the tip of the swab, was placed into 9 ml of CDMN broth, and 
incubated anaerobically at 37oC for  >24 hours. After enrichment, the cultural method was 
used as described above.

Sow samples
A fresh rectal stool sample was taken and transferred directly into a sterile test tube and 
stored in a coolbox. When a fresh sample was not available, faeces was collected using a swab. 
The swab was immediately placed in Cary Blair Transport Medium and stored in a coolbox 
for transport to the laboratory. Approximately 1 g of faeces or, in case of insufficient faeces, 
only the tip of the swab, was placed into 9 ml CDMN broth and incubated anaerobically at 
37oC for >24 hours. Clostridia were isolated using the culturing protocol as described above. 

Environmental samples
The farrowing pen
Environmental samples were collected from each sow’s individual farrowing crate using 
electrostatic cloths. After sampling, the electrostatic cloths were stored in a coolbox for 
transport to the laboratory. Subsequently, the electrostatic cloths were immersed in 36 ml 
CDMN broth and incubated anaerobically at 37oC for at least seven days. Clostridia were 
isolated using the culturing protocol as described above. 
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Air samples
Air samples were taken using an air sampler (MB1 MICROBIO Air Sampler, Parrett Technical 
Developments). The sampler draws a stream of air at a constant flow rate (100 litres/
minute) through a series of 1mm holes into a metal head. The air stream impinges onto a 
CLO-agar 90mm petri-dish. After exposure to the air stream (in total 100 litres), the CLO-
agar plate was removed and incubated anaerobically at 37oC for at least 48 hours. In case 
of air samples, no enrichment broth was used. Colonies typical for CD were identified as 
described above.

Samples of teats
Sterile sponges, moistened in 10 ml physiological saline, were used to sample the teats of 
the sow. Six to a maximum of 10 teats of one sow were sampled with one sponge. After 
sampling, the sponges were stored in a coolbox for transport to the laboratory. At the 
laboratory, the sponges were immersed in 27 ml CDMN broth and incubated anaerobically 
at 37oC for at least seven days. Clostridia were isolated using the culturing protocol as 
described above.

Characterization and typing of isolates
Using MLVA as described by Bakker et al. (in press), 21 selected isolates of three sows and 
corresponding isolates of piglets, air, farrowing crates and teats were further investigated to 
assess genetic relatedness of these strains. Two of these sows (sow 4 and 5) were housed in 
the same farrowing pen. The other sow (sow 6) was housed in another pen and samples of 
this sow and her litter were taken approximately two weeks after sampling of sow 4 and 5. 
Minimum spanning tree (MST) analysis of MLVA was performed to determine the genetic 
distance between the isolates. Clonal complexes were defined by a summed tandem-repeat 
difference (STRD) < 2. Isolates with a STRD < 10 were defined as genetically related.  (Marsh 
et al., 2006; Goorhuis et al., 2008; Debast et al., 2009)  

reSultS

Presence of Clostridium difficile 078 in sows and the farrowing crate ante partum
CD 078 could be cultured from faeces of three out of 12 sows ante partum (3/12). Eight out 
of eleven farrowing crates (8/11) proved to harbour CD 078 ante partum. Six of the 12 sows 
were followed after delivery as illustrated in Table 1.
In some farrowing crates CD 078 could be found whereas it could not be cultured out of 
the sow. In contrast CD 078 could not be found in one farrowing crate while the sow was 
positive ante partum.  
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Table 1: Presence of Clostridium difficile ribotype 078 in sows, her individual farrowing crate and her 
piglets

Litter (# piglets sampled / # piglets born dead):

One              
(10/0)

Two 
(11/0) 

Three (10/0) Four 
(14/1)  

Five 
(12/1) 

Six 
(15/3)

Sow:

ante partum -a - - - - -

< 1 hour p.pb. ndc nd - - - nd

10 - 26 hour p.p. - - - - + -

32 – 48 hour p.p. - + - - nd +

First + at 56 
hrs p.p.

First + at 
113 hrs p.p.

First + at 72 
hrs p.p.

Farrowing crate:

ante partum +d lost sample - + + +
< 1 hour p.p. nd nd - - - nd

10 - 26 hour p.p. - + - + + +

32 – 48 hour p.p. + + + + + +

Piglets:

< 1 hour p.p. nd nd 1/10 1/14 0/12 nd

10 - 26 hour p.p. 0/10 4/11 8/10 8/13e 11/12 13/15

32 – 48 hour p.p. 10/10 11/11 10/10 13/13 12/12 15/15

a (-) CD 078 not found after culturing
b (p.p.) post partum
c (nd) not done
d (+)  CD 078 found after culturing
e one piglet died

Presence of Clostridium difficile ribotype 078 in sows post partum
Six sows and their litters were sampled after delivery until C. difficile was detected. As 
illustrated in Table 1, C. difficile ribotype 078 was not detected in the sows in the first sample 
after delivery. However, C. difficile ribotype 078 could be cultured out of all sows within 
113 hours after delivery with the first sow shown to be positive within 10 – 26 hours after 
delivery. 

Presence of Clostridium difficile ribotype 078 in individual farrowing crates post partum
After delivery, six farrowing crates were sampled each day and monitored for C. difficile 
(Table 1). At 10 – 26 hours post partum four out of six farrowing crates were positive for 
C. difficile ribotype 078 (4/6). At 32 – 48 hours post partum C. difficile ribotype 078 was 
detected in all farrowing crates.



Chapter 3

56

Presence of Clostridium difficile ribotype 078 in piglets
From 72 piglets rectal samples or swabs were taken as soon as possible after birth, as shown 
in Table 1. Thereafter, piglets were sampled once a day. As soon as C. difficile was detected in 
a piglet, this piglet was not sampled any longer. Therefore, cumulative results are presented 
in Table 1.  
Of 36 piglets, sampled within one hour post partum, two were positive for the presence of 
C. difficile ribotype 078 (5.55%). At 10 – 26 hours after delivery, 69 piglets were sampled 
(one piglet had died and two piglets were already positive) and C. difficile ribotype 078 was 
cultured from 42 piglets (60.9%). By 32 – 48 hours after delivery, the cumulative prevalence 
of C. difficile ribotype 078 was 100%. Only 17 of 71 piglets had diarrhoea when C. difficile 
ribotype 078 was isolated from their faeces and none of the piglets had received antibiotics 
before C. difficile ribotype 078 was isolated.

Presence of Clostridium difficile ribotype 078 on teats of three sows and in ambient air of 
the compartment
Results are shown in Table 2. On teats of two sows, C. difficile ribotype 078 was found ante 
partum. All samples of the teats taken post partum, were positive for C. difficile ribotype 078. 
Ante partum the air had been sampled in one farrowing pen and was found to be positive 
for C. difficile ribotype 078. All air samples of the farrowing pens, taken post partum, were 
positive for C. difficile ribotype 078 at the moment of sampling.

Table 2 Clostridium difficile ribotype 078 in the air and on teats of three sows

Teats of the sow:

ante partum nda +b +
< 1 hour p.p.c nd + nd

10 - 26 hour p.p. + nd +

32 – 48 hour p.p. + nd +

Airsamples:

ante partum nd nd +
< 1 hour p.p. + nd nd

10 - 26 hour p.p. nd nd +

32 – 48 hour p.p. nd + +

a (nd) not done
b (+) CD 078 found after culturing
c (p.p.) post partum
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Presence of Clostridium difficile ribotype 078 in sterile incubators
Three sows, of which the piglets were caesarean derived, were sampled 48 hours before 
surgery. Furthermore, the farrowing crates and the air in two corresponding farrowing pens 
were sampled. Results are shown in Table 3. C. difficile ribotype 078 could be cultured out 
of two sows (2/3), it was found in all farrowing crates (3/3) and C. difficile ribotype 078 was 
found in air samples of both farrowing pens. 

Caesarean sections were performed in a sterile surgical theatre in order to acquire caesarean 
derived and colostrum deprived piglets (CD/CD). These piglets were housed in sterile 
incubators. The piglets were sampled within one hour after caesarean section, at five days 
of age and at 21 days. At one hour after caesarean section, none of 38 sampled piglets had 
C. difficile ribotype 078 in their faeces (0/38). Cultures performed at five days of age (37 
piglets) and at 21 days of age (35 piglets) were also negative for the presence of C. difficile 
ribotype 078. During the experiment, three piglets had died. 

Table 3 Clostridium difficile in three sows, 48 hours before caesarean section

Sow: Faeces Farrowing crate Airsamples 

A (farrowing pen 1) -a +b +

B (farrowing pen 1) + + +

C (farrowing pen 2) + + +

a (-) CD 078 was not found after culturing
b (+) CD 078 found after culturing

Multiple-locus variable-number tandem repeat analysis
Figure 1 shows the minimum spanning tree analysis (MST) of 21 selected isolates. Six isolates 
came from piglets, three isolates from air samples, three isolates from sows, four isolates 
came from samples of teats of the sows and five isolates were environmental samples. All 
samples were genetically related (STRD < 10) and belonged to one clonal complex (STRD < 
2), except for isolate 223. 
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Fig. 1 Minimum spanning tree (MST) analysis of 21 CD ribotype 078 strains by MLVA: six piglet, five 
environment, four teats, three air and three sow isolates. Each circle represents either a unique 
isolate or more isolates that are 100% homologous. The numbers between the circles represent the 
summed tandem repeat difference (STRD) between MLVA types. Continuous lines represent single-
locus variants, interrupted lines represent double-locus variants. Within the spanning tree, almost 
all isolates form a clonal complex (with a STRD < 2) with the exception of isolate 223. All isolates are 
genetically related (STRD < 10).

 
 

Description of the isolate numbers:

206 Air (sow 4+5)  209 Farrowing crate (sow 5) 212 Farrowing crate (sow 4)

213 Piglet (sow 5) 216 Air (sow 4+5) 220 Piglet (sow 4)

222 Sow (sow 5) 223 Piglet (sow 4) 225 Teats (sow 4)

227 Farrowing crate (sow 4) 241 Teats (sow 5) 242 Air (sow 6)

262 Piglet (sow 6) 267 Piglet (sow 6) 274 Farrowing crate (sow 5)

276 Sow (sow 4) 279 Piglet (sow 5) 290 Sow (sow 6)

293 Teats (sow 6) 294 Teats (sow 6) 307 Farrowing crate (sow 6)

Sow 4 and 5 were housed in the same farrowing pen, sow 6 was housed in another. Furthermore, samples of sow 
6 and her litter were taken approximately two weeks later than samples of sow 4 and 5.
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dISCuSSIon and ConCluSIon

This study demonstrated that all sampled newborn piglets after normal parturition on a 
farm in the Netherlands, irrespective of the presence of diarrhoea, acquired C. difficile 
ribotype 078 within two days after birth. Within this herd, just one ribotype, C. difficile 
ribotype 078, was found not only in neonatal piglets, but also in sows, ambient air samples, 
and in the environment of the piglets. The variety within C. difficile ribotype 078 isolates was 
very limited, as all isolates, but one, belonged to one clonal complex. C. difficile ribotype 078 
seems to spread easily between sows, piglets and the environment. 

Using an enrichment broth to isolate C. difficile, 100% of the piglets (after normal parturition) 
was found positive for C. difficile ribotype 078 within 48 hours after birth, whereas Alvarez-
Perez et al. (2009), who did not use an enrichment broth, recovered C. difficile (ribotypes not 
determined) from only 25.9% of 1- to 7-day-old piglets. Norman et al. (2009), who applied 
a similar culture method as in our study, found a prevalence of C. difficile among suckling 
piglets of 50%. In contrast with present study, they sampled newborn piglets only once, 
whereas in present study, piglets were sampled until they became positive for C. difficile. 
A very recent study conducted in Canada, showed a cumulative prevalence of C. difficile of 
96% among piglets sampled at day two, seven, 30, 44 and 62 of life (Weese et al., 2010). 
These results are in agreement with our findings. However, Weese et al. did not investigate 
samples before day two. We demonstrated in our study that a cumulative prevalence of 
100% was reached within 48 hours after birth of the piglets.
Norman et al. (2009) found a lower colonization rate in lactating sows (23.8%), whereas 
in present study all sows had C. difficile ribotype 078 in their faeces within 113 hours after 
delivery. But likewise the sampling of the piglets, Norman et al. (2009) sampled the sows 
only once. 
It is striking that all isolated strains of Clostridium difficile in this study belong to ribotype 
078. This ribotype is emerging in the Netherlands and subsequently also found in other 
European countries (Goorhuis et al., 2008).

 MLVA typing demonstrated that the C. difficile ribotype 078 strains of the sows, the 
piglets, the farrowing crates, teats of the sows and in the ambient air are genetically 
indistinguishable or very highly related. All isolates belong to one clonal complex, except 
isolate 223. According to the definition of ‘clonal complex’, strains differed only one to two 
summed tandem repeat differences (STRD). 
Several studies have revealed the high discriminatory power of MLVA for newly emerging 
variants of C. difficile (van den Berg et al., 2007; Killgore et al., 2008). But MLVA needed 
optimization for application onto ribotype 078 strains and the optimized MLVA used here, 
has shown to be able to discriminate between strains from different countries and origins 
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(Bakker et al., 2010). The high genetic relatedness of the 21 isolates in present study, 
should be considered as evidence of a farm specific strain circulating between animals and 
environment. This conclusion seems to be consistent with Weese et al. (2010) who suggest 
that other sources, beyond the sow, may be responsible for infection of piglets. 

The relative risk of animals to become infected by C. difficile by aerosols is unknown. The 
recent observation that C. difficile is present in air samples in human hospitals, suggests 
a risk for spreading via the air (Best et al., 2010). According to Mutters et al. (2009), the 
main routes of transmission of C. difficile among hospitalised patients are aerosols or the 
faecal-oral route. Our findings indicate that airborne transmission of C. difficile ribotype 
078 could be possible between animals and the environment, similar as found for other 
enteropathogenic bacteria. 

Using controlled disease transmission in isolation cabinets, short-distance airborne 
transmission of Salmonella Agona and Salmonella Typhimurium has shown to occur 
in weaned pigs (Oliveira et al., 2006). Possible airborne transmission of C. difficile has 
important implication for measurements to control spread of C. difficile, since current 
recommendations are based on prevention of contact transmission from the environment 
and from diarrhoeal patients or animals. Furthermore, it might be possible that airborne 
transmission exists of C. difficile to the farmer and visitors of the farm. To determine the 
relative risk of airborne transmission compared with other transmission routes of C. difficile 
ribotype 078 (e.g. via boots or hands of the farmer), more research is needed.
At the selected farm, the farrowing pens were always cleaned, after weaning of the piglets, 
using an alkaline foam cleaner. Occasionally, Halamid® (a chlorine based disinfectant) 
was used. Keeping in mind that in human hospitals environmental contamination plays 
an important role in the spread of C. difficile (Malamou-Ladas et al., 1983), this was also 
investigated at the pig farm. C. difficile ribotype 078 was found on the floor, in the air and 
under boots (data not shown), so it might be concluded that the cleaning and disinfection 
protocol used at this farm, is inadequate to kill C. difficile, or the protocol is not executed 
properly. 
In human hospitals, isolation of patients with C. difficile infection is very important to 
control outbreaks of C. difficile. Moreover, it is essential that human patients suffering from 
diarrhoea use separate toilets, commodes, instruments and equipment (Vonberg et al., 
2008). These precautions are unrealistic for pig farms, especially because all piglets seem to 
become positive for C. difficile ribotype 078 shortly after birth. To control C. difficile ribotype 
078 at farms, new effective hygiene and disinfection procedures should be developed. 
The caesarean section experiment strongly suggests that vertical transmission of C. difficile 
ribotype 078 from sows to piglets does not occur. Piglets become infected very soon after 
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birth, probably from the environment. This conclusion seems in contrast with the two 
conventionally housed piglets found positive for the presence of C. difficile ribotype 078 
within one hour after birth. 
No good explanation can be given why these two piglets were positive so rapidly, 
contamination of these samples might be an explanation but sampling was done as sterile 
as possible.
In conclusion, this report discusses possible transmission routes of C. difficile to piglets in 
farrowing pens at a pig farm and compares different C. difficile ribotype 078 isolates. 
Vertical transmission of C. difficile ribotype 078 seems to be very unlikely, C. difficile ribotype 
078 can be isolated from newborn piglets very soon after birth and C. difficile ribotype 078 
seems to spread easily between sows, piglets and the environment. 
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abStraCt

Clostridium difficile is increasingly recognized as an important enteropathogen in both 
humans and animals. The finding of C. difficile in air samples in hospitals suggests a role for 
aerial dissemination in the transmission of human C. difficile infection. 

The present study was designed to investigate the occurrence of airborne C. difficile in, and 
nearby a pig farm with a high prevalence of C. difficile. 
Airborne colony counts in the farrowing pens peaked on the moments shortly after or during 
personnel activity in the pens (P = 0.043 (farrowing pen 1,2), P = 0.034 (farrowing pen 2)). 
A decrease in airborne C. difficile colony counts was observed parallel to aging of the piglets. 
Airborne C. difficile was detected up to 20 m distant from the farm.  

This study showed the widespread character of aerial dissemination of C. difficile on a pig 
farm and the association between personnel activity in farrowing pens and an increase of 
C. difficile in the air.
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1. INTRODUCTION

C. difficile is considered as the most important cause of outbreaks of neonatal diarrhea in 
pig husbandry (Songer and Uzal 2005). Infection of neonatal piglets occurs by environmental 
transmission (Hopman, et al. 2010). C. difficle has also been detected in air samples, but the 
role of aerial dissemination in the transmission of C. difficile to piglets is unclear (Hopman 
et al. 2010). The hypothesis that aerial dissemination could play a role in the transmission 
of C. difficile in animals (hamsters) was posted as early as 1981 (Toshniwal, et al. 1981). 
Aerial dissemination of C. difficile recently gained attention as this might be the explanation 
for the finding of C. difficile spores on air vents and high horizontal surfaces in hospitals 
(Fawley and Wilcox 2001; Fawley, et al. 2005). The first report on the detection of airborne 
C. difficile derived from a hospital setting in 2008 (Best, et al. 2010). Airborne C. difficile was 
found sporadically and its presence correlated with personnel activity, e.g. bed cleaning 
(Best, et al. 2010; Roberts, et al. 2008). Based on these findings it was suggested that aerial 
transmission of C. difficile might be the explanation for the spatial clustering of nosocomial 
C. difficile infection (CDI) outbreaks (Best, et al. 2010). Furthermore, it was suggested that 
aerial dissemination could play a role in the persistence of CDI in hospitals (Roberts, et al. 
2008). 

Recent epidemiological studies indicated a shift in the epidemiology of CDI in humans.  CDI 
has been considered as a hospital- and antimicrobial agents-associated infection, but is 
nowadays increasingly reported as a community acquired infection (Freeman, et al. 2010; 
Indra, et al. 2009; Poutanen and Simor 2004). C. difficile PCR Ribotype 078 is responsible 
for the majority of the community acquired infections (Bauer, et al. 2011; Kuijper, et 
al. 2006; Wilcox, et al. 2008). The emergence of this strain has also been noticed in the 
Netherlands, where its prevalence increased since 2005. At the moment ribotype 078 is 
the third most common strain in human CDI in the Netherlands (Hensgens, et al. 2010). 
The same strain plays an important role in pig husbandry (Keessen, et al. 2010). The high 
prevalence of ribotype 078 in humans and animals and the detection of C. difficile spores 
in retail meat and pork raised concerns about a possible zoonotic transmission (de Boer, 
et al. 2011; Rupnik and Songer 2010; Weese 2010). The finding of genetic similarities and 
comparable antimicrobial susceptibility patterns of the type 078 strains found in pigs and 
humans strengthened these concerns (Debast, et al. 2009). However until now there is no 
evidence of a zoonotic transmission (Weese 2010).

In the light of the ongoing uncertainty about the zoonotic potential of C. difficile and the 
emergence of hypervirulent strains, research on the possible routes of transmission from 
animals to humans and between animals becomes increasingly important. There is still 
little knowledge on possible transmission routes from animals to humans (Jhung, et al. 
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2008). Possible routes other than by consumption of meat, i.e. direct and indirect contact 
with animals, cannot be ruled out (Weese 2010). It is increasingly recognized that aerial 
dissemination of bacterial elements can be a main route of zoonotic transmission (Kuske 
2006). The aim of this study was to investigate the presence of C. difficile in the air of a pig 
farm with a high prevalence of CDI and to relate colony counts to personnel activity. An 
additional goal of this study was to determine whether C. difficile could be detected in the 
air in the close vicinity of the farm.   

2. MATERIAL & METHODS

2.1. Farm
Air sampling was done at a pig-breeding farm with a known high prevalence of C. difficile 
in the pigs. The ventilation mode in the pens is a negative pressure system, except for the 
pregnant sow unit, which has a number of open communications with the outside. Fresh air 
enters the pens from the hallway through slotted air inlets in the doors. The air leaves the 
pens through a fan, at a height of four meter, which directs the air into an airshaft or directly 
into the outside environment.

2.2. Sampling procedure
A MB1 MICROBIO Air Sampler (Parrett Technical Developments) was used for collection of 
airborne C. difficile. This sampler functions on the principle of solid plate impaction and 
has a maximum air flow capacity of 100 L/min. This type of sampler is described to be an 
optimal choice for the collection of colonies and Enterobacteriaceae (Thorne, et al. 1992). 
The air was directed on commercially prepared C. difficile agar plates (CLO-agar, Biomérieux). 
Following sampling the agar plates were kept in a refrigerated box, until the laboratory was 
reached. The air sampler was not treated with disinfectans between sample taking, however 
the control cultures taken from air upwind to the farm were always negative. 
Sampling times of five minutes and two minutes were used. During the first experiments 
it appeared that the agar plates used for the five minute sampling were difficult to count 
due to the density of colonies. Therefore, a sampling time of two minutes was used for the 
subsequent experiments. 

2.3. Sampling strategy
2.3.1. Inside air sampling

Sampling of the farrowing ward, the juvenile sow ward and the boar ward was performed 
in the ventilation shaft of the building. Sampling of the weaned piglets ward, pregnant sow 
ward and insemination ward took place in the pens self at a height of 1.50 m. This was 
because air from these pens is directed immediately to the outside environment, i.e. not 
first directed into an air shaft. 
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The numbers of pigs and piglets of each ward and pen were registered at the beginning of 
the experiments. Subsequent parturitions and changing number of piglets in the farrowing 
ward were registered as well.

2.3.1.1. Cross sectional sampling
Farrowing wards were sampled once, all other wards were sampled twice on 2 different days. 

2.3.1.2. Continuous sampling
Experiment 1. Air in farrowing pen 1 was sampled during two minutes, which was repeated 
every 15 minutes during eight hours and 45 minutes. The farrowing pen contained ten sows 
and 136 piglets, one to two weeks of age.
Experiment 2. The air in farrowing pen 2 was sampled five minutes, which was repeated 
every 30 minutes during six hours. This experiment was repeated the next day for 2.5 hours. 
The farrowing pen contained ten sows and 133 piglets, two to three weeks of age.
Continuous sampling was combined with the registration of personnel activity.  Personnel 
activity was observed and registered by one person, while another person took the samples. 
Comparison between the activity data and the colony count was possible as both were taken 
as a function of time. 

2.3.1.3. Continuous sampling during movement of weaned piglets
On three occasions sampling was performed prior, during and after movement of weaned 
piglets from their farrowing pen to the weaned piglets ward. Air coming from these farrowing 
pens was sampled continuously with a sampling time of five minutes.

Experiment 1 
Two farrowing pens were sampled continuously with a 15 minute sampling period: five 
minutes prior, five minutes during and five minutes after movement of weaned piglets. 
On one occasion CLO agar plates were placed at a height of 0.5 m in the hallway prior to 
the movement and removed afterwards. This hallway is used as a passage for the weaned 
piglets.

Experiment 2 
One farrowing pen was sampled continuously with a 30 minute sampling period: five 
minutes prior, five minutes during and 20 minutes after movement of weaned piglets. 

2.3.1.4. Longitudinal sampling
Experiment 1. Farrowing pen 3 was sampled each day during a period of six days with a 
sampling time of two minutes. On day 1 38 piglets were present; 11 one-day old and 27 
neonatal. 128 piglets (90 out of 128 neonatal) were present on day 2 and 134 piglets (12 
neonatal) were present on day 3. 
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Experiment 2. Farrowing pen 4 was sampled each day during a period of 15 days with a 
sampling time of five minutes.  No piglets were present on day 1, 41 were present on day 2, 
56 were present on day 3, 94 were present on day 4, and 106 were present on day 5. After 
this day no more new piglets were born.
Longitudinal sampling was combined with registration of the presence of diarrhea.  
Microbiological examination of diarrheal samples was not performed.

2.3.2. Outside air sampling
Outside air sampling was performed above roof exhausts and at distances 20, 40, 80 and 
140 meter downwind from these exhausts at a height of 1.5 m. Sampling time was set on 
five minutes. Data of the Dutch Meteorological Institute was used to determine wind speed 
and temperature. Control sampling was performed at an upwind point 20 meter distant 
from the nearest exhaust to exclude any other sources of airborne C. difficile.

2.4. Analysis procedure
Samples were incubated on the CLO-agar plates at 37 °C for 48 h under anaerobic conditions. 
Using Gram staining the isolates with morphology typical of C. difficile were identified. Per 
ward two isolates were randomly chosen, both to be ribotyped according to the method 
described by Paltansing (2007). Isolates from the outside samples were ribotyped as well. 
Colony counts were calculated per m3.  

2.5. Statistical analysis
Data from the continuous sampling experiments were analyzed using the t-test to investigate 
the correlation between personnel activity and colony count. 

3. RESULTS

3.1. Inside air sampling
3.1.1. Cross sectional sampling

C. difficile was detected in the air of all of the wards, except in the air of the pregnant 
sow unit. The numbers of colonies ranged from 2/m3 to 625/m3, with the lowest numbers 
found in the weaned piglets ward and the highest numbers found in the air of the farrowing 
ward. However, once corrected for the number of pigs and piglets, the highest numbers of 
colonies were found in the boar ward; 66 colonies/m3/pig, compared to 4.9 colonies/m3/
piglet as the highest number found in the farrowing ward.  
The weaned piglets ward, with piglets ranging from 35 to 65 days of age, and the insemination 
ward, with 14 sows, were tested negative the first time these wards were sampled. When 
these wards were sampled again three weeks later, low numbers of colonies were found; 2 
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colonies/m3 in the weaned piglets ward (100 piglets) and 20 colonies/m3 in the insemination 
ward (16 sows). 
Table 1 shows the results of cross sectional sampling of farrowing pens. Colony count ranges 
from 24/ m3 to 246/m3. The colony counts were corrected for the number of piglets, because 
pens differed substantially in these numbers (ranging 15-120 piglets). The highest corrected 
numbers of colonies was found in the air of the pen with neonatal piglets: 4.9 colonies/
m3/piglet. Lowest corrected numbers of colonies were found in the air of the pen with the 
oldest piglets (one month of age): 0.26 colonies/m3/piglet. 

table 1: cross sectional sampling farrowing pens

age of piglets in farrowing pen cfu’s/m3 cfu’s/m3/piglet

neonatal 74 4.9

1 week 144 1.7

2 weeks 246 2.24

3 weeks 34 0.28

4 weeks 44 0.59

1 month 24 0.26

3.1.2. Continuous sampling in farrowing pens 1 and 2
Experiment 1: sampling during 8.45 hours with an interval of 15 minutes in farrowing pen 1
Figure 1 shows that colony count ranged between 135 and 575 colonies/m3 (average 283.6 
colonies/m3) and varied much over time. Personnel activity was registered continuously and 
is plotted in to figure 1.. Most peaks corresponded with activity prior to sampling. One of 
the two highest peaks (11:45) was not preceded by registered activity. On the other hand, 
activity was not always related to a peak; medical care by students (number 3, figure 1) did 
not result in an increasing number of colonies. Nonetheless personnel activity in the 15 
minutes prior to sampling correlated significantly to an increase in colony count (P = 0.043). 

figure 1: continuous sampling experiment 1
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Experiment 2: sampling during 8.30 hours with an interval of 30 minutes in farrowing pen 2
During this experiment the colony count ranged between 4 and 160 colonies/m3 (average 
28.1 colonies/m3). Personnel activity was registered continuously and is plotted in figure 2. 
Vaccination (number 1, figure 2) preceded the peak of 11:00.

figure 2: continuous sampling experiment 2     

Experiment 3: sampling during 2.30 hours with an interval of 30 minutes in farrowing pen 2
The next day a repetition of experiment 2 took place to measure also the personnel activity 
in the early morning from 8.30 till 10.00 o’çlock. Feeding and medical care preceded a peak 
in colony count, when 200 colonies/m3 were detected. 
The data from experiment 2 and 3 show that personnel activity in the 30 minutes prior to 
sampling correlated significantly to an increase in colony count (P = 0.034). 
All three experiments show that colonies were detected at any moment in time during 
continuous sampling. 

3.1.3. Continuous sampling during movement of weaned piglets 
Table 2 shows the numbers of colonies found with continuous sampling during movement 
of weaned piglets from their farrowing pen to the weaned piglets ward. The numbers of 
colonies found during movement increased on average 7.7 times compared to the numbers 
of colonies found prior to the movement. The numbers of colonies of the three pens show 
a fast decline once the piglets have been moved. The air of one pen continued to have 
a high concentration of colonies, with the highest concentration found 20 minutes after 
movement of the pigs.
Movement of the weaned piglets from their farrowing to the weaned piglets correlated 
significantly to an increase in colony count (P = 0.028).
On one occasion CLO agar plates were placed in the central hallway of the farm during the 
movement of the piglets. These plates were colonized by C. difficile, although no quantitative 
statements can be made because no air sampler was used.
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table 2: cfu’s found during movement of weaned pigs

time (min) activity cfu’s/m3 pen 1 cfu’s/m3 pen 2 cfu’s/m3 pen 3

0-5 none 12 46 24

5-10 movement 188 184 80

10-15 empty ward 54 82 112

15-20 empty ward - - 116

20-25 empty ward - - 52

25-30 empty ward - - 126

- = no samples taken

3.1.4. Longitudinal sampling in farrowing pens 3 and 4
Experiment 1: 6 day sampling in farrowing pen 3
Figure 3 shows a steady incline in the number of colonies found during the first four days. 
The subsequent decline is counteracted by an increase on day 6. No colonies were found on 
the first day, highest numbers of colonies were found on day 4 and 6: respectively 480 and 
316 colonies/m3. Diarrhea was reported on day 4 and day 6 in three different litters; at the 
time of the first report the concerned litters aged three and four days. 

figure 3: longitudinal sampling experiment 1 

Experiment 2: 15 day sampling in farrowing pen 4
Figure 4 shows that colony count increased from day 1 onwards to a great peak on day 4. 
From day 4, colony count decreased until day 9. Day 10 was marked by a slight increase to a 
level that was maintained for four days. Colony count decreased from thereon. On day 10, 1 
litter (age unknown) was reported to have diarrhea.



Chapter 4

74

figure 4: longitudinal sampling experiment 2

3.2. Outside air sampling
Air from all four exhausts on the top of the building (consisting of air coming from farrowing, 
boar and young sow ward) tested positive for C. difficile, the numbers ranged from 6 
colonies/m3 to 120 colonies/m3. Outside air tested positive 2 out of 4 times at a distance of 
20 m downwind from the building. No colonies were found 40, 80 and 140 meter distant of 
the building. Outside temperature ranged from 2 °C to 8 °C, airspeed ranged from 0.83 m/s 
to 5.3 m/s. Positive air samples were obtained with the highest airspeeds (5.3 and 3.2 m/s).  
All upwind air samples were negative for C. difficile.

3.3 Ribotyping
In most air samples within the farm and at 20 m distance from the farm C. difficile was 
detected. A collection of this share was ribotyped. All C. difficile ribotypes were identified 
as ribotype 078.

4. DISCUSSION

The aim of this study was to detect C. difficile in the air of a pig farm and to relate colony 
counts to personnel activity and to determine whether C. difficile could be detected in the 
close vicinity of the farm. The results demonstrate that C. difficile was commonly present in 
the air of the pig farm investigated. Personnel activity preceded most peaks in the colony 
count of the continuous sampling experiments; feeding, vaccination and movement of 
weaned piglets from the farrowing pen to the weaned piglets ward correlated significantly 
to an increase in colony count. A non-significant increase in colony count was found during 
the longitudinal experiments on the days that diarrhea was reported. In outside air colonies 
were detected up to 20 m distant from the farm. All colonies selected for ribotyping were 
identified as ribotype 078.

The fact that C. difficile was detected in the air of all of the wards, except in the air of 
the pregnant sow unit, might be explained by the architectural configuration the pregnant 
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sow unit. This unit is the only one with an outdoor part and so the only one with an open 
outdoor communication, resulting in natural ventilation. 

Highest colony counts were found during or shortly after feeding, ear tagging and entrance 
of the farmer. However one of the highest peaks is not linked to personnel activity, an 
explanation for this peak might be that this increase in colony count was caused by animal 
activity not related to personnel activity. The correlation of finding higher colony counts 
when personnel activity is seen is in agreement with research that demonstrated an increase 
in bioaerosols formation during feeding and stressing of pigs, and entrance of animal 
handlers (Gloster, et al. 2007; Kim, et al. 2005). Bioaerosols are described as submicron 
(<0.02 µm) to multi-micron (0.2–50 µm) biological particulates suspended in air (Millner 
2009), this includes C. difficile spores, with a mean size of 1–1.5 µm in length and 0.5–0.7 
µm in diameter (Snelling, et al. 2010). It is expected that airborne C. difficile consists of 
airborne spores, as the bacteria itself is anaerobic and therefore will not survive in aerobic 
environments. 

The increase in the numbers of C. difficile colonies in relation with personnel activity is 
in accordance with previous studies performed in hospitals (Best, et al. 2010; Roberts, et 
al. 2008). A notable difference between the present and the latter study is the frequent 
detection of airborne C. difficile in this study compared to the incidental detection of colonies 
in the human situation. This might be explained by the minimal movement of hospitalized 
patients and the high hygienic standard as opposed to the pig farm situation. 

The increase of colony numbers during activity can only be explained by the presence of non-
airborne C. difficile in the pen, ready to be disseminated. This non-airborne C. difficile can be 
C. difficile which never have been airborne and C. difficile which already have been airborne, 
but settled out before reaching the fan and the ventilation shaft. There is debate about the 
configuration of airborne C. difficile; whether it transits individually or clustered, and, as a 
consequence, about the fallout time (Best, et al. 2010; Roberts, et al. 2008; Snelling, et al. 
2010). The greater the size of the aggregates of C. difficile, the less influence ventilation will 
have on the movement and distribution of C. difficile. This diminishes the role of ventilation, 
an effect that was described by Kim et al. (2007), who found that three levels of ventilation 
had only minor implications for the concentration of bioaerosols.

Of all samples taken from the farrowing pens, only once a pen tested negative for C. difficile. 
This negative sample was found at the start of one of the longitudinal experiments, when 
38 piglets were present. It is interesting to note that the other farrowing pen tested positive 
at the start of the longitudinal experiment, even though no piglets were present. The latter 
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can only be explained by C. difficile excretion by the present sows or by the presence of C. 
difficile from previous litters in the same pen. A variation in the excretion by sows prior to 
farrowing is described by Weese et al. (2010) and might be an explanation for the reported 
difference. 

The same longitudinal experiments show a tendency of increasing colony counts on the 
days that diarrhea was reported. Colony count increased on average 2.9 times compared to 
the day before, when no diarrhea was reported (P = 0.204). 

The fact that all investigated farrowing pens were positive for airborne C. difficile and only 
two pens were reported to have diarrheic litters, shows that diarrhea is not a prerequisite for 
the detection of airborne C. difficile. This is in agreement with previous studies that showed 
no association of colonies excreted by neonatal piglets with diarrhea (Alvarez-Perez, et al. 
2009). Furthermore this study shows that there is an overall high prevalence of airborne C. 
difficile in the farrowing pens. A high prevalence and apparent asymptomatic colonization 
(and excretion) of C. difficile has been noticed by Weese et al. (2010), who found a total of 
96% infection rate in piglets in a longitudinal study.
 
Both longitudinal and cross-sectional sampling indicated a decrease in the numbers of 
colonies found as piglets’ age. Highest numbers of colonies were found in air from pens 
with neonatal piglets, lowest numbers were found in the air from pens with weaned piglets. 
These results are in accordance with the significant decrease in colonization over time found 
with cross-sectional and longitudinal fecal sampling of piglets by both Norman (2009), 
Alvarez-Perez (2009) and Weese (2010). However, the finding of high numbers of colonies 
in the air from the boar ward and the juvenile sow ward is in conflict with the latter results. 
An explanation can be the minimal cleaning frequency (once a year) of these wards, which 
allows a continuous build-up of excreted C. difficile. This minimal cleaning frequency is in 
contrast to the situation of the weaned piglets and farrowing wards, where cleaning takes 
place before animals move in (every five to six weeks). 

The large decrease in colony count immediately outside the building is a logical consequence 
of the dilution by outside air, and generally applies to the total bacteria concentration 
(Homes, et al. 1996). Research regarding the dissemination of bioaerosols emitted from pig 
farms demonstrated that the concentration of pathogens like Streptococcus, Hemophillus 
parasuis, Bacillus, E. coli and Staphylococcus did not drop to background concentration for 
several hundred meters (Homes, et al. 1996, Köllner and Heller 2006). 
At a distance of 150 m from pig waste treatment facilities Clostridium perfringens spores 
were found to have the highest concentration compared to other culturable bacteria in 
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samples taken from the air (Ko, et al. 2008). This can be attributed to the high resistance of 
colonies compared to more fragile bacteria (Ko, et al. 2008). 
In this perspective the absence of C. difficile in air samples taken further than 20 m distant 
from the farm, was unexpected. An explanation can be the minimal wind speed during 
sampling. Unfortunately, soil and water samples were not taken. Once again it is essential 
to know the size of airborne C. difficile, for size is an important factor in determining the 
distance bioaerosols can be carried by air (Gloster, et al. 2007). Lacking of information about 
the behavior of airborne C. difficile, makes explaining the discrepancy between recent 
results and prior research difficult.

Limited dispersal of airborne C. difficile to the outside environment could implicate a low 
risk of human exposure to airborne C. difficile, though we are not informed on the presence 
of C. difficile in environmental samples other than air. Until so far, evidence is lacking of 
zoonotic transmission of C. difficile (Weese 2010). The known negative health effects of 
living in the vicinity of pig facilities are mainly of a respiratory nature, although Wing and 
Wolf (2000) found people living in a two mile radius of a farm to have higher frequency of 
diarrhea reports. 
The same applies to personnel of pig facilities, who are known to have a higher prevalence 
of Yersinia enterocolitica, Salmonella and Leptospira (Cole, et al. 2000).

No publications on the potential and mechanisms of infection by airborne C. difficile could be 
found. Other gastro-intestinal pathogens such as Salmonella, Campylobacter and Clostridium 
botulism have been proven to be able to infect by airborne transmission (Oliveira, et al. 
2006; Pillai and Ricke 2002; Sugiyama, et al. 1986). Infection of the gastro-intestinal tract 
by airborne pathogens can occur after ingestion or after formation of infection in the throat 
or upper airway (Pillai and Ricke 2002). Based on the assumption that C. difficile tends to 
aggregate to a size of at least 6.1 µm (Snelling, et al. 2010), it can be presumed that these 
aggregates are beyond the limit of respirable size; particles ≥6 µm are filtered in the nose and 
subsequently swallowed (Pillai and Ricke 2002; Stark 1999). Thus airborne C. difficile should 
follow the same route as ingested C. difficile once inhaled. Besides the unclear mechanisms 
of infection there is no minimal infective dose of C. difficile known, this combination makes 
statements about infective potential of airborne C. difficile difficult to verify. 

Finding airborne C. difficile may implicate an important role of aerial dissemination in the 
transmission of CDI amongst piglets. The possibility of aerial dispersal of C. difficile from 
one farrowing pen to another is shown by the detection of colonies in the hallway during 
movement of the piglets. Since airflow is directed from the hallway to the different pens, 
the presence of colonies in the hallway might indicate a potential spread of colonies from 
weaned piglets to other pens. 
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This study is limited by its descriptive nature. There were too few occasions where diarrhea 
was present to make a valid statement about a possible significant correlation between 
diarrhea and colony count. Furthermore not all sampling was conducted by simultaneous 
registration of personnel activity and animal activity not induced by human handling was 
not incorporated in this study. Other limitations of this study are the fact this study was not 
designed to study the association with diarrhea due to C. difficile and that therefore we did 
not use a control farm with absence of CDI. No environmental samples were taken in the 
vicinity of the farm. Lastly, it is difficult to find a suitable parameter to determine the number 
of colonies, e.g. per animal and litter air sampled. Due to the different animal density and 
age composition in the pens, it is precarious to compare the colony counts of these pens. 
One way to neutralize the factor of the animal density is to correct colony counts for the 
number of animals. This correction however is based on the assumption that all piglets 
contribute a same amount to the colonies. Furthermore, it remains unclear what portion 
of the airborne C. difficile should be contributed to excretion by the sows. Last, the lacking 
of technical information about ventilation speed and capacity hindered the possibility of 
investigating the effect of variable ventilation speed on colony count. 

Strengths of the study are that it is the first prospective study to detect C. difficile  in air of 
pig farms, based on recent published studies in hospitals. A combination of cross sectional 
surveillance and longitudinal surveillance with inclusion of personal activities was used in 
the study. Furthermore, the study is microbiological well designed, with PCR ribotyping of a 
selection of the isolates. 

5. CONCLUSION

This study demonstrates the widespread aerial dissemination of C. difficile on a pig farm. 
The widespread aerial dissemination of C. difficile on the pig farm may have implications 
for aerial transmission of C. difficile between piglets. Furthermore, this study demonstrates 
a significant correlation between personnel activity and airborne C. difficile colony counts. 
The finding of C. difficile in limited numbers at a 20m distance from the farm needs further 
research to determine its significance for human health.  
 
Recommendations
Future research needs standardized protocols and more general notion about the way C. 
difficile transports in air. It would be useful to conduct extensive research on the correlation 
between airborne colony counts and a number of factors, such as animal activity and 
diarrhea. Furthermore extensive air sampling must be done outside pig farms to gain insight 
in the environmental load of C. difficile.
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abStraCt

Foodborne ingestion through pork products of C. difficile has been suggested a possible 
route of transmission of C difficile from pigs to humans. 
To determine whether C. difficile bacteria are present in the intestines of slaughter pigs, 
rectum contents of 677 slaughter pigs from 52 farms were collected at the slaughterhouse. 
Data on farm specific factors were collected and the association of these factors with the 
presence of C. difficile in pig herds from 39 farms was assessed. 

The prevalence of C. difficile and the ribotypical diversity that were found in this study were 
much higher than previously reported in literature, with an overall C. difficile prevalence 
of 8.6% (58/677). Sixteen distinct C. difficile ribotypes were identified, predominantly type 
078 (31.0%, 18/58). This type is also commonly found in humans with Clostridium difficile 
infection (CDI). 

Both on individual pig level and on herd level, no significant difference between the 
prevalence of C. difficile in pigs derived from conventional or organic farming types was 
detected. Farm system, size, and presence of other animal species on the farm did not result 
in significant different prevalences of C. difficile. 
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IntroduCtIon

Clostridium difficile infection (CDI) is a major cause of enteritis in neonatal piglets (Songer 
and Anderson, 2006). The predominant ribotype of C. difficile isolates from piglets is type 
078 (Keel et al., 2007; Keessen et al., 2010). This ribotype was recently identified as the 
third most common type in humans with CDI in hospitals (Bauer et al., 2011) in Europe. 
In humans, hospitalization and treatment with antimicrobial agents are identified as the 
main risk factors for CDI (Kuijper and van Dissel, 2008). However, community-acquired CDI 
in patients that neither had exposure to antibiotics nor hospitalization has been reported 
(Wilcox et al., 2008; Bauer et al., 2009). C. difficile ribotype 078 is frequently found in these 
community associated infections (Goorhuis et al., 2008a; Goorhuis et al., 2008b; Jhung et 
al., 2008). 

The finding of highly genetically related ribotype 078 isolates that were cultured from faecal 
samples of humans and piglets suggests that transmission from animals to humans or vice 
versa could have occurred (Goorhuis et al., 2008a; Debast et al., 2009). Transmission of 
C. difficile from animals to humans could occur via direct contact, via the environment or 
via the consumption of food of animal origin. Indeed C. difficile spores were detected on 
pork, albeit in small amounts (Rodriguez-Palacios et al., 2007; Songer et al., 2009; Weese et 
al., 2009). Nonetheless, it is not entirely clear whether this contamination originated from 
infected animals or if the meat was contaminated during processing via the environment 
or via the hands of infected personnel. All three routes of transmission are possible, as 
C. difficile has been cultured from the environment of the slaughterhouse (Hawken et al., 
2010), the hands of healthy adults (Riggs et al., 2007) and in healthy pigs at slaughter age 
(Norman et al., 2009; Weese et al., 2010). Furthermore, in two European studies samples 
were taken from pigs at the abattoir and a prevalence of respectively 3.3% (2/61; Austria) 
and 0% (0/165; Switzerland) was found (Indra et al., 2009; Hoffer et al., 2010). Surprisingly, 
in a pilot study conducted in the Netherlands 28% (14/50) of the samples taken from pigs in 
the abattoir were positive for C. difficile (Hopman et al. submitted for publication). 

The goal of this study was to determine the prevalence of C. difficile in a large population 
of randomly sampled slaughter pigs from different farms. Additionally farm specific factors 
were related to the presence of C. difficile within herds from pig finishing farms. C. difficile 
strains isolated in this study were ribotyped to relate the found ribotypes to the commonly 
found ribotypes of C. difficile in humans. 
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MaterIalS and MethodS

Sampling
From the first of July until the second of August 2010, a slaughterhouse located in North 
Eastern part of the Netherlands was visited on five different weekdays to collect faecal 
samples. In this slaughterhouse approximately 4000 pigs from 40 farms located throughout 
The Netherlands are slaughtered every day. Rectum samples of randomly selected pigs were 
collected at the slaughter line, directly after stunning and bleeding. Sterile gloves were used 
to obtain the samples from the rectum. Each glove was given a unique number correlating 
with the ear tag of the pig. After sampling the gloves were directly stored in a cool box with 
ice packs. Within five hours the samples were transported to the laboratory and processed 
there the same day. 

Culturing, isolation and identification of C. difficile 
Culturing of ethanol pre-treated faeces samples and isolation of C. difficile were performed 
as described by Hopman et al. (2010), except that CLO agar plates were incubated for 96 
hours by 37°C instead of 48 hours. This incubation time schedule was changed after a pilot 
study demonstrated that the recognition of the C. difficile bacteria under the microscope 
improved when plates were incubated for a longer period (results not shown in article).

PCR ribotyping
Identification of C. difficile was done with a PCR for the presence of the gene encoding 
glutamate dehydrogenase (gluD) specific for C. difficile according to the protocol of 
Paltansing et al. (2007). The procedure for ribotyping of C. difficile isolates was performed 
as described by (Bidet et al., 2000).

Information on farm specific factors
The slaughterhouse provided information on the following data from the farms:
•	 Farm type, e.g. organic or conventional: at organic farms pigs must have access to the 

outside air, which can be either on pasture or on a concrete floor, and there has to be 
litter on the stable floor. The frequency of antibiotic use on organic farms is restricted to 
only one treatment in the life of the slaughter pig. Antibiotic usage at conventional farms 
is not limited and pigs are kept inside with no obligations for litter on the floor. 

•	 Farm system, e.g. farrow-to-finish or grower-to-finisher: a farrow-to-finish farm has 
a closed system, with all the weaned piglets born on the farm, whereas in a grower-
finisher system weaned piglets are purchased from other farms. 

•	 Farm size: a farm was considered large when there were at least 1000 slaughter pigs 
present. Farms with less than 1000 slaughter pigs were considered small. 

•	 Presence of horses or other production animals, e.g. veal calves or poultry on the farm.
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•	 Salmonella status of the farm: every farm producing more than 30 slaughter pigs per 
year must participate in the Salmonella surveillance programme in the Netherlands. 
This includes that 12 blood samples have to be collected every four months either on 
the farm, at a minimum of 3 weeks before slaughter, or at the slaughterhouse. The 
blood samples are tested for Salmonella antibodies with the IDEXX Salmonella AB test 
by approved laboratories. Based on the results of the 36 blood samples per farm a 
classification into three Salmonella categories is made. Salmonella status 1 means that 
less than 20 percent of the pigs on a farm are positive for salmonella antibodies, status 2 
means that 20 to 40 percent of the pigs are positive and status 3 means that more than 
40 percent of the pigs are positive.  A low Salmonella status of a farm is associated with 
a good biosecurity system on the farm, including good hygiene requirements (Baptista 
et al., 2010). 

•	 Slaughter age of the delivered pigs: the median age of pigs at slaughter is six months. 
The prevalence of C. difficile in pigs delivered to the slaughterhouse at an age younger 
then six months was compared with the prevalence in pigs of six months and older.

•	 Geographical location of the farms.

Statistical analysis
In this study a farm was considered to be an observational unit, assuming that if C. difficile 
was isolated from one sample from a pig from a farm, the whole farm was positive for C. 
difficile.  
Win Episcope 2.0 was used to calculate that, with a C. difficile prevalence of 20 percent 
and a herd size of 120 animals, a minimum of 13 animals had to be sampled per farm 
(Level of Confidence 95%) to declare a farm positive or negative. However, taking into 
account that sampling could not interfere with the logistics of the slaughter process and 
that communication about the original farm in the slaughterhouse was difficult, it was 
additionally determined that if the number of samples per farm was less than 13, this farm 
was still considered positive when C. difficile could be cultured from at least one sample, but 
if all the samples would be negative, this farm would be excluded from the analysis, since 
the sample size was then too small to identify the herd as either positive or negative. 

The within herd prevalence of C. difficile was calculated only from herds from which at least 
13 samples were obtained. A random selection of 33 herds from conventional farms was 
sampled, but since there were only a few organic farms delivering pigs at the slaughterhouse, 
all the 19 herds from organic farms that delivered pigs during the study were sampled. In 
total 677 pigs from 52 farms were sampled. The number of animals per herd from a farm 
varied widely, from 20 to 243, with the smallest herds originating from organic farms. The 
number of samples taken per herd varied between 2 to 36. From herds of 20 farms less than 
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13 samples were taken. In total 13 farms of these 20 farms were excluded from the analysis, 
because C. difficile was not cultured from any of the samples. Subsequently, the prevalence 
of C. difficile was determined for herds from 15 organic farms and 24 conventional farms.
The Pearson Chi-square test was used to assess the association between the presence of C. 
difficile in the herd and the farm specific factors. If the expected cell count in the contingency 
table was less than five, the Fisher’s exact test was used. SPSS statistical software 15.0 was 
used for the statistical analysis. 

reSultS

A total of 677 rectal faecal samples of pigs were collected at the slaughterhouse. C. difficile 
was cultured from 8.6% (58/677) of the samples. From 9.0% (34/378) of the samples of 
conventional pigs C. difficile was isolated and from 7.5% (22/292) of the samples from 
organic pigs. In total 61.5% (24/39) of the herds from farms were positive for C. difficile. 

The prevalence of C. difficile in herds from organic farms and in herds from conventional 
farms is similar with respectively 53.3% (8/15) and 66.7% (16/24) positive for C. difficile 
(P= 0.505).  The prevalence of C. difficile within herds varied largely and ranged within 
organic herds from 4.8% (1/21) to 19.4% (7/36) and from 4.2% (1/24) to 28.6% (4/14) within 
conventional herds.

A high variation of the percentage of samples from which C. difficile was cultured was 
observed per sampling day, ranging from 0% (0/114) to 18.5% (27/146). An overview of the 
percentages positive samples per day is given in table 1. 

Table 1: Percentage of samples from which C. difficile  was cultured per sampling day.

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)

Sixteen distinct C. difficile ribotypes were found, with type 078 as the predominant ribotype 
since it was found in 31.0% (18/58) of the isolates. Other ribotypes that were frequently 
found were type 014 (15.5%; 9/58), type 013 (12.1%; 7/58), type 062 (6.9%; 4/58) and type 
019 (5.2%; 3/58). At 55% (14/39) of the farms only one ribotype per herd was encountered. 
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At one farm four different ribotypes were encountered in the herd and at the rest of the 
farms two or three different ribotypes were present per herd. A higher ribotypical variety 
was found in pigs from conventional farms compared to pigs from organic farms. The 
distribution of ribotypes in pigs from conventional and organic farms is given in table 3. 
Ribotype 078 was significantly more frequently found in herds from organic farms (86.6%) 
then in herds from conventional farms (20.8%) (P= 0.013). Ribotype 014 was found in 33.3% 
of the herds from conventional farms and in 6.7% of the herds from organic farms, however 
this difference was not significant (P= 0.085). 

An overview of farm specific factors in relation with the presence of C. difficile in the herd  
is shown in table 2. Unfortunately, the information on farm specific factors was not always 
available. From two herds where C. difficile was present no additional information, besides 
farm type was available. These two herds were excluded from the calculations concerning 
farm specific factors but were included in the overall prevalence calculations. 

Table 2  Farm specific factors in relation with C. difficile  presence

Farm specific factor Groups Nr. of farms C. difficile 
negative
(n=15) 

Nr. of farms C. difficile  
positive
(n=24)_

P-value 

Farm type Organic 7 (46.6%) 8 (53.4%) 0.505

Conventional 8 (33.3%) 16 (66.7%)

Farm system Finisher 6 (37.5%) 10 (62.5%) 0.742

Farrow-to-finish 9 (42.9%) 12 (57.1%)

Farm size < 1000 pigs 10 (43.5%) 13 (56.5%) 0.452

> 1000 pigs 4 (30.8%) 9 (69.2%)

Farm location North 15 (83%) 3 (17%) 0.04

South 7 (37%) 12 (63%)

Presence of other animals No 8 (38.1%) 13 (61.9%) 0.908

Yes 6 (40.0%) 9 (60.0%)

Salmonella status Status 1 3 (30.0%) 7 (70.0%) 0.302

Status 2 4 (66.7%) 2 (33.3%)

Slaughter age ≥ 6 months 14 (48.3%) 15 (51.7%) 0.108

< 6 months 1 (12.5%) 7 (87.5%)
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Table 3: Ribotype distribution per farm type

Ribotype Organic farm
(n= 15)

Conventional farm
(n= 24)

P-value

078 13 (86.6%) 5 (20.8%) 0.013

014 1 (6.7%) 8 (33.3%) 0.085

001 1 (6.7%) 1 (4.2%) -

013 3 (20.0%) 2 (8.3%) -

062 0 4 (16.6%) -

019 0 3 (12.5%) -

045 2 (13.3%) 0 -

050 1 (6.7%) 0 -

023 1 (6.7%) 1 (4.2%) -

054 0 1 (4.2%) -

103 0 1 (4.2%) -

002 0 1 (4.2%) -

005 0 1 (4.2%) -

011 0 2 (8.3%) -

015 0 2 (8.3%) -

026 0 2 (8.3%) -

-: P-value not calculated due to small data size

The percentage of herds positive for C. difficile was similar in both systems, e.g. finisher 
farms and farrow-to-finish farms (P=0.742). 
C. difficile was present in 69.2% (9/13) of herds originating from farms with at least 1000 
pigs and in 56.5% (13/23) of herds from farms that housed less than 1000 animals (P=0.452). 
The Salmonella status was known for only 16 farms. C. difficile was present in 70% (7/10) 
of the herds from farms with Salmonella status 1, opposed to 33% (2/6) of the herds from 
farms with Salmonella status 2 (P=0.302). 
From herds that were delivered to the slaughterhouse at a relative young age (younger then 
6 months) 88% (7/8) tested positive for C. difficile. Herds delivered at older ages (6 months 
and older) were in 52% (15/29) positive (P=0.108). 
A significant higher prevalence (P=0.04) of C. difficile of 83% (15/18) was found in herds 
originating from the North of the Netherlands compared to the prevalence of positive farms 
in the South of the Netherlands (36%, 7/19).   
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Table 3: Ribotype distribution per farm type

Ribotype Organic farm
(n= 15)

Conventional farm
(n= 24)

P-value

078 13 (86.6%) 5 (20.8%) 0.013

014 1 (6.7%) 8 (33.3%) 0.085

001 1 (6.7%) 1 (4.2%) -

013 3 (20.0%) 2 (8.3%) -

062 0 4 (16.6%) -

019 0 3 (12.5%) -

045 2 (13.3%) 0 -

050 1 (6.7%) 0 -

023 1 (6.7%) 1 (4.2%) -

054 0 1 (4.2%) -

103 0 1 (4.2%) -

002 0 1 (4.2%) -

005 0 1 (4.2%) -

011 0 2 (8.3%) -

015 0 2 (8.3%) -

026 0 2 (8.3%) -

-: P-value not calculated due to small data size

The percentage of herds positive for C. difficile was similar in both systems, e.g. finisher 
farms and farrow-to-finish farms (P=0.742). 
C. difficile was present in 69.2% (9/13) of herds originating from farms with at least 1000 
pigs and in 56.5% (13/23) of herds from farms that housed less than 1000 animals (P=0.452). 
The Salmonella status was known for only 16 farms. C. difficile was present in 70% (7/10) 
of the herds from farms with Salmonella status 1, opposed to 33% (2/6) of the herds from 
farms with Salmonella status 2 (P=0.302). 
From herds that were delivered to the slaughterhouse at a relative young age (younger then 
6 months) 88% (7/8) tested positive for C. difficile. Herds delivered at older ages (6 months 
and older) were in 52% (15/29) positive (P=0.108). 
A significant higher prevalence (P=0.04) of C. difficile of 83% (15/18) was found in herds 
originating from the North of the Netherlands compared to the prevalence of positive farms 
in the South of the Netherlands (36%, 7/19).   

dISCuSSIon

The aim of this study was to determine the prevalence of various C. difficile PCR ribotypes in 
pigs in the slaughterhouse and to determine whether farm specific factors could predispose 
for colonization with C. difficile in herds.  
Rectal samples from 8.6% (58/677) of the slaughter pigs were positive for C. difficile. C. 
difficile was found in at least 1 rectal sample of a pig in 61.5% (24/39) of the herds from the 
39 included farms. The prevalence in individual slaughter pigs is much lower than 28%, as 
reported in our pilot study (Hopman et al, submitted for publication). However, it is much 
higher than found in  two studies that were  conducted in slaughterhouses in Germany and 
Austria  where prevalences of 3.3% (2/61) and 0% (0/165) in slaughter pigs were reported 
(Indra et al., 2009; Hoffer et al., 2010). The authors of the last two studies did not mention 
the number of farms from which the sampled pigs originated and therefore variation of 
prevalence at herd level might explain the observed difference. Furthermore different 
methodologies of culturing of the samples for C. difficile can result in different prevalences. 
 
The 16 different ribotypes that were identified in the faeces of finisher pigs in our study are 
well recognized PCR ribotypes in humans with CDI. The most common ribotypes in humans 
with CDI in Europe are respectively 014, 001 and 078 (Bauer et al., 2010). These ribotypes 
were isolated in our study in respectively 15.5% (014), 3.4% (001) and 31.0% (078) of the 
isolates. Ribotype 027, which is associated with CDI in hospitalised patients, was not found 
in pigs in this study. 
The high ribotypical diversity in slaughter pigs in this study was unexpected, since in a recent 
Dutch study on CDI in piglets almost exclusively ribotype 078 was found (Keessen et al., 
2010). The highest number of different ribotypes in pigs that previously has been reported 
was four (Keel et al., 2007). 
Our results show that there are many different ribotypes present in the rectal faecal samples 
of finisher pigs at slaughter age. It is unknown if these various PCR ribotypes are acquired 
during transport of the pigs to the slaughter house, or that stress conditions during transport 
enable outgrowth of C. difficile in the pigs until detectable levels, as has been observed for 
Salmonella (Isaacson et al., 1999).  

No significant difference of the prevalence of C. difficile on both pig or herd level was found 
between conventional and organic farms. Nonetheless, a different distribution of PCR 
ribotypes between the two farm types was seen. A higher variety in ribotypes was found in 
pigs from conventional farms compared to organic farms and ribotype 078 was more isolated 
from pigs from organic farms. In both farming types circumstances are present that could 
increase colonization rates with C. difficile. At organic farms pigs have more opportunities to 
interact with their environment. The pigs must have access to the outside air, which can be 
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either on pasture or on a concrete floor, and there has to be litter on the stable floor. 
Since C. difficile is an ubiquitous bacterium, this could lead to increased colonization. On the 
other hand, the frequency of antibiotic use in the organic system is restricted to only one 
treatment in the life of the slaughter pig. At conventional farm the use of antibiotics is not 
restricted. 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). However, whether the use of 
antibiotics is also a risk factor for C. difficile carriership in humans or animals is not described 
in literature. Based on this study we can not conclude that either of the farming systems 
predisposes more than the other for colonization with C. difficile. 

A significant higher prevalence (P=0.04) of C. difficile of 83% (15/18) in herds originating 
from the North of the Netherlands compared to the prevalence of positive farms in the 
South of the Netherlands where the prevalence was 36% (7/19) was found in this study. 
Possible explanations of this significant difference between the regions in The Netherlands, 
e.g. climate, density of human populations, density of pig farms, animal husbandry practices, 
and numbers of other animals present could not be found. 
Therefore, an explanation for the geographical difference of C. difficile prevalence is difficult 
to provide. However, this study is not the first to find a significant difference in farm level 
prevalence between provinces, as this was also reported in a recent study conducted in 
Canada (Weese et al., 2010a). 

One of the limitations of this study is that it was not possible to obtain 13 samples from 
every herd. 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 faeces in their rectum. This was probably due to the fasting of the pigs 
before delivering them to the slaughterhouse. 
Another possible explanation of an empty rectum is that the pigs already defecated at the 
cattle-truck, caused by stress during transport. 

The exclusion of farms from which less then 13 samples were taken in the case that all these 
samples were negative, might lead to an overestimation of the prevalence of C. difficile on 
farms in The Netherlands.  
From some farms (n=25) more than 13 samples were taken and these farms were not excluded 
from the study. More than 13 pigs from these farms were sampled because due to the noise 
and the speed of the slaughter line the person registering the numbers could not always signal 
in time that enough samples from one farm were taken. Another limitation of this study is the 
possibility that herds declared negative in our study, were in fact false-negative. 
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The biggest number of samples that was taken from a herd, which was declared negative, 
was 34 samples. 
The maximum possible prevalence in this herd was calculated with Win Episcope 2.0 
and was still 7.69%. The prevalence of C. difficile could further be underestimated in this 
study because all samples were taken in the months July and August. If seasonality in the 
prevalence of C. difficile exists, as was suggested by Rodriguez- Palacios et al. (2009) and 
Norman et al. (2009), a higher prevalence could be found in other months. A follow-up of 
this study in the other months of the year would thus be interesting. 

A high variation in prevalence of C. difficile per sampling day was found in our study. The 
same methodology for sample taking and culturing was followed during the study. No 
explanation for this variety can be found.  

ConCluSIon

The finding of a prevalence of C. difficile of 8.6 percent in slaughter pigs indicates that 
slaughter pigs are infected with C. difficile. More different PCR ribotypes were found than 
in previous surveys in pig farms. All ribotypes encountered in pigs are also frequently 
found in humans with CDI. Remarkably, the ribotype 027 which has been considered as an 
emerging pathogen of hospital acquired CDI was not encountered in the pigs. C. difficile 
was isolated from herds from 61.5 percent of the 39 farms included in this study, indicating 
that the bacterium is commonly present on pig farms. Predisposing factors on the farm for 
colonization of herds were not found in this study. More herds from farms in the North of 
the Netherlands were positive for C. difficile than from the South. 
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abStraCt

During the last decade, major outbreaks of Clostridium difficile infections in healthcare 
centers worldwide were associated with new emerging types, such as PCR ribotype 027. 
Antimicrobial susceptibility profiles of this ribotype were extensively investigated and used 
to partly explain its spread. 
In Europe, recently, the incidence of C. difficile PCR ribotype 078 increased in humans and 
piglets. The finding of a genetic relatedness of type 078 human isolates with piglets isolates, 
led to the assumption that interspecies transmission occurred. 

We studied antimicrobial susceptibility, mechanisms of resistance and the relation 
with previously prescribed antimicrobials of human (n=49) and porcine (n=50) type 078 
isolates for eight antimicrobials, using recommendations of the European Committee on 
Antimicrobial Susceptibility Testing (EUCAST) and the Clinical and Laboratory Standards 
Institute (CLSI). 

In total, 37% of all isolates showed resistance to four or more antimicrobial agents. The 
majority of the human and porcine isolates were susceptible to amoxicillin (100%), 
tetracycline (100%) and clindamycin (96%) and resistant to ciprofloxacin (96%). More 
variation was found for erythromycin resistance patterns (76% resistant in human and 
59% in porcine isolates), imipenem (29% vs 50% resistant) and moxifloxacin (16% vs 16% 
resistant). 
MIC values of cefuroxim were high, with MIC values of 256 mg/L in 96% of the isolates. 
Resistance to moxifloxacin and clindamycin was associated with a gyr(A) mutation and the 
presence of the erm(B) gene. A large proportion (96%) of the erythromycin resistant isolates 
did not carry the erm(B) gene. 
When fluoroquinolones were used in human patients prior to the development of diarrhea 
or in piglets to treat diarrhea, this was significantly associated with isolation of C. difficile 
isolates resistant to moxifloxacin, irrespective whether the isolates were from human (p 
<0.01) or from porcine (p=0.02) origin. The precise role of the use of antimicrobials in 
humans and in animals in relation to development of resistance and subsequent spread of 
C. difficile PCR ribotype 078 is difficult to assess. 

The considerable overlap in susceptibility profiles, despite different antimicrobial pressure, 
in humans and pigs and the presence of similar mechanisms of resistance, adds evidence 
to the assumption that interspecies transmission has occurred, however, this can not be 
proven. 
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1. INTRODUCTION

Clostridium difficile is a ubiquitous organism that has been recognised as an important 
emerging pathogen in both humans and animals. In humans, C. difficile is considered 
the leading cause of nosocomial diarrhea. In the last decade an increase in incidence of 
outbreaks due to C. difficile was observed (McDonald et al., 2005b). 
Several authors reported that this increase could partly be explained by the emergence of 
the hypervirulent C. difficile PCR ribotype (type) 027. (Loo et al., 2005b; McDonald et al., 
2005b; Muto et al., 2005). Since 2006, the total incidence of CDI remains constant in The 
Netherlands, whereas a decrease of CDI caused by type 027 is observed (Hensgens et al., 
2009). 

Meanwhile, a new type, C. difficile PCR ribotype 078 increased in prevalence and is currently 
the third most common type detected in human infections in The Netherlands and Europe 
(Goorhuis et al., 2008a; Hensgens et al., 2009; Bauer et al., 2011). This 078 strain causes 
severe diarrhea in 40 percent of the patients and is associated with a CDI-related mortality 
risk of 4 percent after 30 days (Goorhuis et al., 2008a). The virulent character of type 078 is 
comparable to that of type 027, nonetheless, patients infected with type 078 are younger 
and the disease is more frequently community-associated compared to infections with the 
hypervirulent type 027 (Goorhuis et al., 2008a). Besides a high prevalence in human CDI, type 
078 is described as the main cause for CDI in piglets (Keel et al., 2007; Debast et al., 2009; 
Keessen et al., 2011). In neonatal piglets, CDI is considered the most common diagnosed 
cause of enteritis in the United States (Songer and Anderson, 2006). Morbidity in an infected 
farrowing facility is on average 2/3 of litters and 1/3 of individual piglets (Songer. 2004), but 
may be as high as 97-100 percent (Songer and Anderson, 2006). Mortality attributed to C. 
difficile is usually low, nonetheless, outbreaks are reported with mortality rates as high as 16 
percent (Anderson and Songer, 2008). Piglets recovered from CDI have growth retardation 
resulting in ten percent lower weaning weights on average (Songer. 2004).

In humans, the use of antimicrobials is considered a major risk factor to develop CDI. 
Especially cephalosporins, clindamycin and fluoroquinolones are considered high risk 
antimicrobials (Bartlett, 2008). Contrarily to humans, the association between the use of 
antimicrobials and the occurrence of CDI in piglets is not yet established. Knowledge on the 
antimicrobial susceptibility profiles of type 027 (resistant to fluoroquinolones) was used to 
partly explain the emergence of this type in healthcare centers (Loo et al., 2005a; McDonald 
et al., 2005a; Muto et al., 2005). 

For type 078, and especially porcine type 078, antimicrobial susceptibility profiles are less 
extensively investigated. Therefore, the goal of this study is to analyze susceptibility profiles 
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and mechanisms of resistance for C. difficile type 078 isolates of human and porcine origin. 
A further aim is to assess if specific antimicrobial resistance of C. difficile type 078 is related 
to prior antimicrobial exposure.

2. MATERIALS AND METHODS

2.1 Sample selection
To obtain porcine C. difficile type 078 isolates, 25 pig breeder farms throughout the 
Netherlands were visited between April 2009 and January 2010. The farms were selected 
on the presence of recurrent diarrhea in the neonatal piglets (22 farms) and three farms 
where diarrhea in the neonatal piglets was not present were selected. At the farms where 
diarrhea was present, only diarrheal piglets were sampled, while at the three farms without 
diarrhea, only piglets with no signs of disease were sampled. At every farm, samples were 
taken from piglets from at least three different litters. The porcine isolates included in this 
study were randomly selected from the strains obtained from the samples collected in 
the different pig farms. Per farm two isolates were selected, except for one farm where 
three isolates were selected and one farm where one isolate was selected. The age of 
the piglets varied from one to seven days. 

Forty-nine human C. difficile type 078 isolates were selected from all those obtained 
from the samples submitted to the Dutch national reference laboratory between June 
2006 and May 2009. To avoid enhanced selection of epidemic strains, only one strain 
per month per hospital was included. 

2.2 Identification of C. difficile
All the porcine faecal samples were cultured as described previously (Keessen et al., 2011). 
DNA was isolated from single C. difficile colonies using the QIA amp DNA mini blood kit 
(QIAgen) according manufacturer’s protocol. All isolates were confirmed as C. difficile by an 
in-house developed PCR specific for C. difficile glutamate dehydrogenase gene (GluD) and 
PCR ribotyped as was previously described by Bidet et al. (2000) and Paltansing et al. (2007).

2.3 Antimicrobial susceptibility
C. difficile was cultured in Brain Heart Infusion (BHI) broth for 24 hours at 37°C in anaerobic 
conditions. Subsequently the cultures were diluted to a 1.0 McFarland standard and 
swabbed on Brucella blood agar plates, supplemented with haemin 5 mg/L and vitamin K1 1 
mg/L, E-test strips (AB BioMérieux) were applied for tetracycline, amoxicillin, erythromycin, 
clindamycin, moxifloxacin, imipemen, cefuroxim, and ciprofloxacin. Minimal inhibitory 
concentrations (MICs) were determined after an incubation of 48 hours. Antimicrobial 
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susceptibility patterns of human and piglet origin were compared to antimicrobial 
susceptibility patterns of wild-type C. difficile isolates, as recently determined by the 
European Committee on Antimicrobial Susceptibility Testing (EUCAST) (Anonymous). To 
classify strains as resistant or susceptible, CLSI breakpoints were used (Hecht et al., 
2012).  
 
2.4 Molecular basis of resistant isolates
The mechanisms of resistance to tetracycline, erythromycin, clindamycin and 
moxifloxacin were investigated. Tetracycline isolates with MIC ≥8 mg/L were tested for 
the presence of tet(M), int and tndX genes according to previous publications by Spigaglia 
et al. (Spigaglia and Mastrantonio, 2002), (Spigaglia et al., 2007). The last two genes were 
used as markers for Tn916- andTn5397-related elements, respectively. Erythromycin and 
clindamycin isolates with a MIC ≥4 mg/L were tested for the presence of the erm(B) 
gene as described by Spigaglia et al. (2004). Moxifloxacin isolates with an MIC ≥4 mg/L 
were tested for mutations in the GyrA and GyrB genes according to the methods as 
described by Spigaglia et al. (2009). 

2.5 Data collection on the use of antimicrobials
At every farm information was collected on the actual administration of antimicrobials to 
the sampled piglets after their birth. Information on the use of antimicrobials by humans in 
the three months prior to the start of the diarrhea was collected at time of diagnosis. This 
was done by contacting the physician in charge and consulting patient records.

2.6 Statistical analysis 
Data were processed using SPAW statistical software for Windows, version 17.0. For 
comparison of binary data, the Chi-square test was used. If the expected cell count in the 
contingency table was less than five, the Fisher’s exact test was used.

3. RESULTS 

A total of 99 C. difficile type 078 isolates were included in the study. Both human and 
porcine isolates had susceptibility patterns comparable to other PCR ribotypes in Europe 
(grey bars in Figure 1). MIC 90 values also were approximately equal or slightly lower 
than found in the EUCAST MIC distribution. The MIC 90 value for tetracycline in humans 
was the only exception, with a two fold increased MIC value compared to the wild-type 
distribution. The majority of the human and porcine isolates were susceptible to amoxicillin 
(100%), tetracycline (100%) and clindamycin (96%) and had a variable resistance pattern for 
erythromycin (67% resistant), moxifloxacin (16% resistant) and imipenem (39% resistant) 
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(Table 1). High MIC values were observed for cefuroxim and ciprofloxacin (94% resistant). In 
total, 37 isolates were resistant to four or more antimicrobials (37%), while 5 isolates were 
resistant to five or more antimicrobials (5%).
Of 67 isolates resistant to erythromycin, four isolates (6%) were also resistant to clindamycin. 
All clindamycin resistant isolates were always also resistant to erythromycin. All 16 isolates 
resistant to moxifloxacin were resistant to ciprofloxacin.

Table 1. Antimicrobial resistance against eight antimicrobial agents, stratified for origin of the sample.

Antibiotic agent              

MIC 90 (mg/l) resistant isolates according to ClSIb (%)

human 
n=49

Pig n=50
eCoffa 
(mg/l)

breakpoint 
(mg/l) 

human 
n=49

pig 
n=50

Difference 
p-value

Amoxicillin 0.25 0.25 2 16 0 (0%) 0 (0%) 1.00

Cefuroxim ≥256 ≥256 - - NA NA NA

Clindamycin 2 2 ≥256 8 3 (6%) 1 (2%) 0.30

Erythromycin ≥256 ≥256 ≥256 8 29 (59%) 38 (76%) 0.07

Ciprofloxacin ≥32 ≥32 ≥32 8 46 (94%) 48 (96%) 0.044

Moxifloxacin 8 8 ≥64 8 8 (16%) 8 (16%) 0.067

Tetracycline 8 8 8 16 0 (0%) 0 (0%) 1.00

Imipenem ≥32 ≥32 8 16 14 (29%) 25 (50%) 0.03

a ECOFF : Epidemiological cut-off value - The European Committee on Antimicrobial Susceptibility Testing (EUCAST)
b CLSI: Clinical and Laboratory Standards Institute 
NA: not applicable. This is stated because no breakpoint was determined by the CLSI and, therefore, the percentage 
of resistant isolates could not be determined.

3.1 Human versus porcine isolates
Similar antimicrobial susceptibility patterns of human and porcine PCR ribotype 078 isolates 
were observed for seven of the tested antimicrobials. For imipenem higher MIC 90 values 
were found in piglets versus humans. Resistance to four or more antimicrobials was present 
in 23 pig isolates (from 15 different farms) and 14 human isolates (p=0.073). 

3.2 Mechanisms of resistance
An overview of the mechanisms of resistance detected in the analysed isolates is given in 
table 2. All six human isolates and eight porcine isolates with elevated MIC values, but still 
considered susceptible to tetracycline (MIC 8-12 mg/L), contained the tet(M) gene combined 
with a Tn-916-like element (since the int gene was present). 
None of the 38 porcine isolates and three of the 29 human erythromycin resistant isolates (all 
three MIC of >256mg/L), possessed the erm(B) gene. The three human isolates containing 
the erm(B) gene were also high-level resistant to clindamycin (MIC >256mg/L). 
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The erm(B) gene was not found in one porcine isolate that was resistant to both erythromycin 
and clindamycin, however, the MIC for clindamycin was just above the breakpoint (8mg/L). 
Four of the seven porcine isolates (57%; one porcine isolate could not be cultured at time 
of testing) and all eight human isolates (100%) that revealed resistance against moxifloxacin 
had a mutation in the gyr(A) gene of Thr82 to Ile.

Table 2. Mechanisms of resistance found in C. difficile type 078 isolates

Antibiotic origin of isolate a 
(total number)

Mechanism of resistance N. of  positive isolates(%)

Tetracycline Human (6) tet(M) 6 (100%)

Porcine (8) 8 (100%)

Erythromycin Human (29) erm(B) 3 (10%)

Porcine (38) 0 (0%)

Clindamycin Human (3) erm(B) 3 (100%)

Porcine (1) 0 (0%)

Moxifloxacin Human (8) Aminoacid substitution 
in GyrA

8 (100%)

Porcine (7) 4 (57%)

3.3 Human and farm specific antimicrobial use
Human antimicrobial use was determined in the three months prior to the start of diarrhea 
and was known for 34 of 50 patients (68%). The most frequently used antimicrobial classes 
among type 078 human isolates were: penicillins (18/34; 53%), cephalosporins (17/34; 50%) 
and fluoroquinolones (9/34; 26%; mainly ciprofloxacin). As all type 078 isolates had low 
MIC values for amoxicillin and all had high MIC values for the cephalosporin cefuroxim, we 
only investigated the concomitant use of quinolones and the resistance to moxifloxacin. The 
use of a fluoroquinolon was significantly associated with resistance to moxifloxacin (4/5 
patients with prior fluoroquinolon use were resistant, versus 0/24 without fluoroquinolon 
treatment; p<0.01). Since 94% of the isolates were resistant to ciprofloxacin, no association 
was found with the use of fluoroquinolones.
Penicillins (seven farms), enrofloxacin (six farms) and colistine (four farms) were the most 
commonly used antimicrobials to treat piglets with diarrhea. Similar to humans, the use 
of enrofloxacin was significantly associated with resistance to moxifloxacin, which was 
found in 5 of the 12 piglets treated with enrofloxaxin, and in 3 of the 36 piglets not treated 
with a fluorquinolone (p= 0.017). Two farms were excluded from this analysis because no 
information on the use of antimicrobials was available for these farms. 



Antimicrobial susceptibility profiles of human and piglet Clostridium difficile PCR-ribotype 078

103

Ch
ap

te
r 

6

4. DISCUSSION

We tested 99 C. difficile PCR ribotype 078 isolates from humans and piglets for their minimal 
inhibitory concentration against eight antimicrobial agents and compared the results with 
wild type distribution data of EUCAST and cut-off values as recommended by CLSI. No 
significant differences were found between human and piglet isolates, except for imipenem 
that revealed a higher MIC 90 values among piglet isolates. In general, PCR ribotype 078 
isolates showed similar antimicrobial susceptibility data as other PCR ribotypes, though 
moxifloxacin resistance was found in 16% only. Type 078 isolates were resistant to four or 
more antimicrobials in 37%, which is comparable to other C. difficile types (Spigaglia et al., 
2011).

All isolates included in our study were susceptible to amoxicillin and penicillins, which 
are the third most frequently used antimicrobial in piglets, sows and humans in The 
Netherlands (Anonymous). Resistance of C. difficile PCR ribotype 078 to macrolides was 
similar among human and porcine isolates, which could reflect the association with high 
macrolide consumption in humans and piglets. Resistance to lincosamides was rarely found 
and the results are in contrast with other studies. Two studies report a high percentage 
of resistance to clindamycin in isolates from both piglets and humans (Jhung et al., 2008; 
Norman et al., 2009). This might be due to differences in exposure to lincosamides or an 
artefact of the small number of isolates that were used in the published studies. In our 
study, 50% of the piglet isolates had a MIC value of ≥16 mg/L for imipenem, which is lower 
than the percentage found in the United States where all piglet isolates had MIC values of 
≥16 mg/L. Since imipenem is not used in porcine medicine, a higher level of resistance to 
this antimicrobial was unexpected. Overall, the role of antimicrobial use in humans and 
in animals for development of resistance is difficult to assess. Cross-resistance with other 
antimicrobials has not been described for imipenem in gram-positive bacteria. 

The most frequent used antimicrobials for all types of disease in sows and suckling piglets 
are tetracyclines, followed by trimethoprim/sulfonamides (co-trimoxazole) and penicillins 
(Anonymous). This does not correlate with the most used antimicrobials (penicillins, 
enrofloxacin, colistine) in our study, which is not surprising, since only data on the prescription 
of antimicrobials to piglets with diarrhea were collected. In our study, no association was 
found between the most commonly used antimicrobial in piglets and sows (tetracycline) 
and resistance in porcine isolates. Although no resistant isolates were found, elevated MIC 
values against tetracycline (MIC 8-12mg/L) were present in 12% and 16% of human and 
pig isolates, respectively. It has been shown that susceptible isolates with relatively high 
MIC levels against tetracycline often carry the tet(M) gene and are inducibly resistant when 
exposed to sub-inhibitory concentrations of tetracycline (Spigaglia et al., 2006). 
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Additionally, the association between antimicrobial resistance and administered 
antimicrobials could be confounded in the farm situation if piglets become infected through 
spread from the environment (Hopman et al., 2011). The current cleaning and disinfection 
procedures at the farms are insufficient to eliminate the spores after a round of piglets 
(Keessen et al, unpublished data). Therefore, the antimicrobials administered to previous 
rounds of piglets are likely to influence the resistance of the C. difficile isolates in the piglets 
that were present at the time of the study.

The molecular basis for the antimicrobial resistance against moxifloxacin was found as 
a mutation in gyr(A). This mutation was found in 12 (80%) of the 15 isolates resistant 
to moxifloxacin. The aminoacid substitution in the gyr(A) gene of Thr82 to Ile has been 
significantly associated with fluorquinolone resistance in clinical C. difficile isolates (Drudy 
et al., 2007; Spigaglia et al., 2008; Spigaglia et al., 2009). Only a minority of the erythromycin 
resistance (up to 10%) could be explained by the presence of the erm(B) gene. Isolates 
containing high level resistance to erythromycin but no clindamycin resistance, are known 
to be frequently erm(B)-negative. This resistance can not be explained by the presence of 
other erm classes or an over expression of efflux pumps (Spigaglia et al., 2011), therefore, 
new resistance mechanisms need to be further explored in isolates with erythromycin 
resistance only (Spigaglia et al., 2005). An recently published Irish study found that MLSb 
resistance in type 078 was less frequently associated with erm(B) than other isolates. The 
finding of clindamycin resistant, erythromycin susceptible isolates, reported in the study of 
Solomon et al. (Solomon et al., 2011) could not be confirmed in our study.  

A study concerning type specific risk factors for human CDI associated with type 078 found 
that prior use of fluoroquinolones was associated with CDI due to this type (Goorhuis et al., 
2008a). In the Netherlands, ciprofloxacin and enrofloxacin are the most commonly used 
fluoroquinolones in humans and animals, respectively. Remarkably, C. difficile type 078 
isolates were found resistant against moxifloxacin in only 16%, similar as found by Solomon 
et al. (2011) (27%). Moxifloxacin is a newer fluoroquinolone with more extended spectrum 
against Gram-positives and available for human use only. Resistance of C. difficile PCR 
ribotype 027 against moxifloxacin was significantly more frequent (Solomon et al., 2011). 
It was possible to establish an epidemiological link between the observed resistance to 
moxifloxacin and the administration of fluoroquinolones both in humans patients (p<0.01) 
and in piglets (p=0.02). Linking exposure to antimicrobials with emerging antimicrobial 
resistance is difficult, because numerous confounding factors are frequently present (Hunter 
et al., 2010).  
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To determine genetic relatedness of human and porcine C. difficile isolates, multilocus 
variable-number tandem repeat analysis (MLVA), whole-genome analysis and pulsed-field 
gel electrophoresis (PFGE) have previously been applied (Stabler et al., 2006; Jhung et al., 
2008; Debast et al., 2009; Bakker et al., 2010). Using these methods, numerous human and 
porcine type 078 isolates were indistinguishable and were therefore suggested to have a 
high-level of genetic relatedness. Together with the increasing incidence of type 078, the 
association with community-associated CDI and the presence of type 078 in more than 90% 
of the piglets with colonization with C. difficile, the hypothesis arose that human and piglet 
type 078 have a common origin. The results of our study contribute to this hypothesis since 
resistance patterns highly overlapped despite different antimicrobial pressure (Hunter et 
al., 2010). However, as many resistance genes are situated on transposons, antimicrobial 
susceptibility studies can not give definitive insight in the (possible) common source of 
human and porcine CDI. 

The strengths of our study in comparison with other reports on antimicrobial susceptibility 
data of C. difficile are that 99 isolates of type 078 were included and 8 antimicrobials were 
tested, which is more than included in other studies (Post and Songer, 2004; Goorhuis 
et al., 2008b; Debast et al., 2009; Norman et al., 2009). Additionally, we compared the 
antimicrobial susceptibility data with previous antimicrobial treatments of patients and 
current antimicrobial treatment of piglets. Limitations of the study are the lack of more 
detailed data on previous antimicrobial use (preferably expressed as daily defined dosages) 
and the lack of available clinical breakpoints of C. difficile for all antimicrobial agents. 
Information on the use of antimicrobials was obtained by interviewing the farmer, and the 
possibility of reporting bias can not be excluded. Currently, attempts are underway to use 
defined daily dosage (DDD) as a measure for antimicrobial use, applicable for both humans 
and animals.  

5. CONCLUSION

Antimicrobial resistance patterns of C. difficile PCR ribotype 078 are comparable to other 
European C. difficile types, except that resistance to moxifloxacine was relatively low (16%). 
In contrast with the emergence of moxifloxacin resistant C. difficile PCR ribotype 027, 
resistance to moxifloxacin was infrequently found among PCR ribotype 078. The precise role 
of antimicrobial use in humans and in animal farms for development of resistance could only 
be established for moxifloxacin in our study. However, the subsequent contribution to the 
spread of C. difficile PCR ribotype 078 is difficult to assess. Both our results, and results from 
previous studies, show that human and porcine type 078 isolates have considerable overlap 
in susceptibility profiles and great genetic similarity, indicating a high degree of similarity. 
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abStraCt

Clostridium difficile type 078 is emerging as an infectious disease in humans and animals. 
The finding of identical C. difficile PCR ribotype 078 isolates in piglets with diarrhea and 
in humans with Clostridium difficile infection (CDI) led to the suggestion that interspecies 
transmission could occur, however until now no epidemiological link between the humans 
and pigs could be found. The aim of this study was to investigate intestinal colonization of 
C. difficile in pig farmers, their relatives, employees, and their pigs. Per farm, porcine pooled 
faecal samples from 10 different pig wards were submitted. C. difficile was cultured from pig 
samples on 39 of the 40 farms. Of 128 sampled humans living and/or working on 32 farms, 
positive samples were found on 16 different farms for 13 (24%) farmers and employees, 
and 5 (17%) partners. All partners positive for C. difficile reported that they had regular 
contact with the pigs. The Odd’s ratio for colonization of the partners and daily contact with 
pigs versus no contact with pigs was >2. PCR ribotyping revealed two major groups (types 
045 and 078), whereas antimicrobial susceptibility profiles and multiple-locus-variable-
number-tandem-repeat analysis (MLVA) applied on selected isolates from human and pigs 
demonstrated a high relatedness. The presence of genetically similar isolates in humans 
working with pigs and in pigs of the same farm indicates that transmission, either via direct 
contact or the environment, likely occurs. Prospective studies are needed to determine the 
risk for development of CDI in this population.



The prevalence of C. difficile in pig farmers, their family members, and the pigs on the farm, as proof for interspecies transmission

111

Ch
ap

te
r 

7

1. INTRODUCTION

Clostridium difficile is a gram-positive spore-forming anaerobic bacterium that can cause 
disease through the production of exotoxins, with symptoms that range from mild diarrhea 
to pseudomembranous colitis (Kelly and LaMont, 1998; Loo et al., 2005; Kuijper et al., 2006; 
Goorhuis et al., 2007). In order for disease to occur, C. difficile has to be present in the 
intestines and the normal gut flora has to be disrupted, not necessarily in this order (Barbut 
and Petit, 2001). Since the beginning of this century an increase in incidence and severity 
of C. difficile infection (CDI) is reported in humans in hospitals (Pepin et al., 2004; Loo et 
al., 2005; Warny et al., 2005; Kuijper et al., 2006; Goorhuis et al., 2007). CDI was primarily 
associated with hospitals and health care facilities, but CDI originating in the community 
is increasingly reported (Wilcox et al., 2008; Huhulescu et al., 2009). There are over 300 
different C. difficile PCR ribotypes known in humans (Rupnik. 2010). C. difficile ribotype 
078 is emerging since 2005 and is currently the third most common ribotype in humans 
with C. difficile infection (CDI) in hospitals in Europe (Bauer et al., 2011). Type 078 is also 
predominantly associated with diarrhea in neonatal piglets (Keel et al., 2007; Debast et al., 
2009; Keessen et al., 2011b). 

The finding of identical C. difficile ribotype 078 isolates in piglets with diarrhea and in 
humans with C. difficile Infection (CDI) (Goorhuis et al., 2008b; Debast et al., 2009) led to 
the suggestion that interspecies transmission could occur. Subsequently, a high prevalence 
of this type 078 was found in healthy pigs, on surfaces in the farm, e.g. floors, walls, frame of 
the sow restrainer, and on overalls and boots (Keessen et al., 2012) and in air samples inside 
and outside a pig farm (Keessen et al., 2011a). It is unclear whether occupational activities 
of pig farmers and their employees lead to a higher risk of colonization with C. difficile and 
if transmission to family members can occur.

The goal of this study was to investigate intestinal colonization of C. difficile in pig farmers, 
their relatives and employees, as well as their pigs, and to analyze the relatedness of the 
isolates.

2. MATERIAL AND METHODS:

1.1 Sampling
In total 40 pig breeding farms were enrolled as part of a longitudinal intervention study 
involving several zoonotic  agents. The aim of the intervention study was to reduce the 
exposure to antimicrobial resistant bacteria by reduction of the use of antimicrobial agents 
and improvement of hygiene management. Pig farmers were partly recruited through the 
Dutch Farmer’s Association (LTO Noord and ZLTO), who have focus groups of pig farmers 
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wanting to improve their farm management. Other participants were recruited by their 
own veterinarian, who informed the participants about the aims of the study. Participants 
should work and/or live on the farm, and the farms were either closed farms or multipliers. 
Participation was voluntary, and all participants signed informed consent forms. The study 
was approved by the Medical Ethical Committee of University Medical Centre, Utrecht. 

Veterinarians, normally providing veterinary services to the farm took fresh fecal floor 
samples from 10 different animal wards per farm. Wards that were sampled on the farm 
included the farrowing wards, weaned piglets ward, juvenile sow ward, pregnant sow 
ward, insemination ward, and the boar ward. After sampling the materials were stored in 
a refrigerator and refrigerated transported to the laboratory by a courier. The mean time 
between sampling and arrival at the laboratory was 1.5 days (1-3 days). The samples were 
frozen and stored at -20°C upon arrival.

Participants were requested to sent a sample from their own feces by surface mail. After 
receival, these samples were processed with a similar method as the animal samples. 
Willingness to send in a human feces sample was not a prerequisite for a farmer to 
participate in the study. Of 209 individuals requested to send fecal samples, 128 (61%) from 
32 farms replied positive. Therefore, 32 of 40 pig farms could be included in the survey on 
human intestinal colonization. There was a substantial variation per farm in the number of 
individuals sending in samples. From six farms only the farmers sent in a sample, from seven 
farms fecal samples from farmers, employees, partners, and their children were sent in, 
from eight farms samples were sent in from farmers, partners, and their children, from five 
farms the farmer and partner sent in a sample, and from seven farms samples were sent in 
from farmers, employees, and partners (n=1), farmer and his children (n=1), partners (n=2), 
farmer and employees (n=2), farmers, employees and their children (n=1). Of 128 submitted 
stool samples, 40 (31%) derived from farmers, 15 (12%) employees, 29 (23%) from partners, 
and 44 (34%) from children. Samples were sent in specific package material (Polymed® by 
minigrip®Nederland bv-Nl) to the laboratory. The mean time between sampling and arrival 
at the laboratory was 2.1 days (1 to 7 days). Upon arrival at the laboratory all samples were 
immediately frozen and stored at -20°C. 

1.2 Culturing, isolation, and identification of C. difficile
All feces samples were defrosted and then directly used for culture. Enrichment strategies 
and culturing were performed according to the protocol as described by Hopman et al. 
(2011).
Suspicious colonies, based on gram stain appearance, colony morphology (swarming, non-
haemolytic, greyish, rough), and characteristic odour were identified as C. difficile with a 
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PCR for the presence of the gene encoding glutamate dehydrogenase (gluD), according to 
the protocol of Paltansing et al. (2007). C. difficile isolates with a confirmed presence of GluD 
were ribotyped according to the protocol by Bidet et al. (2000). 

1.3 Molecular characterization of selected type 078 and 045 isolates
Multiple-locus-variable-number-tandem-repeat analysis (MLVA) was used to further 
determine the genetic relatedness of a subset of the isolates. All the human isolates (n=18) 
were included, and for each human isolate, one porcine isolate from the same farm as the 
human isolate was randomly selected.  The MLVA protocol as described by Bakker et al. 
(2010) was used. Minimum spanning tree (MST) analysis of the MLVA data was performed 
to assess the genetic distance between the isolates. Clonal complexes were defined by a 
summed tandem repeat difference (STRD) < 2. Isolates with a STRD <10 were defined as 
genetically related (Marsh et al., 2006; Goorhuis et al., 2008a; Debast et al., 2009). 

1.4 Antimicrobial susceptibility
The antimicrobial susceptibility to six types of antimicrobials was analyzed for the same 
isolates that were used for MLVA. The isolates were cultured and subsequently diluted in 
a broth to a 1.0 McFarland standard. After swabbing this on Brucella blood agar plates, 
supplemented with haemin 5 mg/L and vitamin K1 1 mg/L, E-test strips (AB BioMérieux) 
were applied for tetracycline, erythromycin, clindamycin, moxifloxacin, co-trimoxazole, and 
imipemen. Minimal inhibitory concentrations (MICs) were determined after an incubation 
of 48 hours as recommended by CLSI (David W.Hecht et al., 2012).

3. RESULTS

3.1 Presence of C. difficile in pigs on the farms 
C. difficile was cultured from the pooled porcine fecal floor samples on 39 of the 40 farms. 
C. difficile was found in 10 – 80% of the 10 wards per farm. In total, 124 (31%) of the 400 
samples from the pig wards were positive for C. difficile. One sample from one pig ward 
contained two different C. difficile ribotypes. Most positive samples originated from the 
farrowing ward (49/87, 56.3%), the weaned piglets ward (31/98, 31.6%), the juvenile sow 
ward (16/68, 23.5%), and the pregnant sow ward (15/59, 25.4%). Ribotype 078 was the 
predominant ribotype and was present at 37 of the 40 farms. At five of 37 farms, other 
ribotypes were also found. These ribotypes were e.g. type 126 (1 farm), type 001 (1 farm), 
and type 045 (3 farms). At one of the remaining two positive tested farms, only type 045 
was present and at the other farm a previously unidentified type of C. difficile was found. An 
overview of the number of ribotypes that were found per farm is given in table 1.
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3.2 Presence of C. difficile in humans living and/or working on pig farms 
C. difficile was cultured from stool samples of humans from 16 of 32 included farms. At 14 
of the 16 farms only one human was positive for C. difficile. At one farm both the farmer 
and employee were positive, and at one farm an employee and a partner. In total 13 (24%) 
farmers and employees, and 5 (17%) partners carried the bacterium in their faeces. All 
partners positive for C. difficile reported that they had regular contact with the pigs. The 
Odd’s ratio for colonization of the partners and daily contact with pigs versus no contact 
with pigs was >2. None of the 44 children of the farmers was positive for the bacterium. The 
predominant ribotype in humans was type 078, which was found in 17 of the 18 positive 
samples, from 15 farms. At one farm, type 045 was present in a human isolate, and the only 
ribotype found in the pigs of this farm. An overview of the number of ribotypes that were 
found per farm is given in table 1.

3.3 MLVA typing 
Sixteen human type 078 isolates, one human type 045 isolate, one porcine type 045 
isolate, and 15 porcine type 078 isolates from 16 farms where both humans and pigs were 
found positive for C. difficile, were tested by MLVA. Of the 31 type 078 isolates, 25 isolates 
were grouped into one genetically related cluster. The isolates that did not belong to the 
genetically related cluster were a human and porcine isolate from one farm that were 100 
percent similar according to MLVA, and not related to any of the other isolates. One human 
and one porcine isolate from the same farm belonged to a separate genetic cluster, and two 
other isolates, e.g. a porcine isolate from one farm and a human isolate from another farm 
were at distance from the genetically related cluster. Within the large genetically related 
complex, three clonal complexes could be recognized of which one contained isolates from 
one farm. The remaining two complexes had both isolates from two different farms. Within 
the genetic cluster human and porcine isolates from two farms had 100 percent identical 
MLVA types. The human and porcine type 045 isolates were not within the large 078 cluster 
and encompassed a specific genetically related cluster. An overview of the MST analysis is 
given in figure 1. 
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Table 1. Presence of C. difficile ribotypes in fresh fecal samples from pig wards from 40 pig farms and stool 
samples from humans on 32 pig farms. An “X” indicates that no human sample was available from the farm. 

farm
Nr. of positive 
wards /total 
wards per farm

Distribution of various ribotypes in pigs Nr. of positive 
human 
samples/total 
samples

Distribution of various 
ribotypes in humans

o78 O45
other pCr 
ribotypes

O45 o78

1 3 / 10 3 0 0 1 / 6 0 1
2 1 / 10 1 0 0 0 / 5 0 0
3 3 / 10 3 0 0 X X X
4 4 / 10 4 0 0 1 / 1 0 1
5 4 / 10 4 0 0 1 / 7 0 1
6 0 / 10 0 0 0 0 / 4 0 0
7 3 / 10 1 0 2 X X X
8 4 / 10 4 0 0 0 / 2 0 0
9 3 / 10 3 0 0 0 / 4 0 0
10 4 / 10 4 0 0 X X X
11 2 / 10 2 0 0 0 / 2 0 0
12 4 / 10 4 0 0 0 / 1 0 0
13 3 / 10 3 0 0 0 / 3 0 0
14 2 / 10 2 0 1 0 / 3 0 0
15 6 / 10 6 0 0 1 / 3 0 1
16 3 / 10 0 0 3 0 / 8 0 0
17 4 / 10 4 0 0 1 / 6 0 1
18 1 / 10 1 0 0 X X X
19 6 / 10 6 0 0 0 / 4 0 0
20 1 / 10 1 0 0 2 / 8 0 2
21 2 / 10 2 0 0 0 / 3 0 0
22 8 / 10 8 0 0 1 / 3 0 1
23 6 / 10 6 0 0 1 / 2 0 1
24 3 / 10 3 0 0 X X X
25 4 / 10 3 1 0 0 / 11 0 0
26 2 / 10 2 0 0 X X X
27 1 / 10 1 0 0 1 / 5 0 1
28 4 / 10 4 0 0 1 / 1 0 1
29 3 / 10 2 1 0 1 / 2 0 1
30 5 / 10 5 0 0 1 / 1 0 1
31 4 / 10 4 0 0 1 / 6 0 1
32 2 / 10 2 0 0 0 / 5 0 0
33 2 / 10 1 1 0 X X X
34 2 / 10 2 0 0 0 / 5 0 0
35 2 / 10 2 0 0 0 / 4 0 0
36 2 / 10 2 0 0 X X X
37 3 / 10 3 0 0 2 / 9 0 2
38 2 / 10 2 0 0 0 / 1 0 0
39 4 / 10 4 0 0 1 / 2 0 1
40 2 / 10 0 2 0 1 / 2 1 0
Total 124 / 400 114 5 5 18 / 129 1 17
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Figure 1. Minimum spanning tree analysis of 33 C. difficile isolates by MLVA. Each circle represents 
either one unique isolate or more isolates that have identical MLVA types. The numbers between 
the circles represent the summed tandem-repeat difference (STRD) between MLVA types. Thin lines 
represent single-locus variants, thick lines represent double-locus variants between MLVA types. 
Clonal complexes are defined by an STRD of ≤ 2 and are dark-grey in the figure, and genetically 
related clusters are defined by an STRD of ≤10 and are light-grey in the figure. The colours of the 
circles represent the different farms of which the isolates originated. A “B” before the isolate number 
indicates that the isolate is from porcine origin, an “H” indicates that the isolate is from human origin.

	  

3.4 Antimicrobial susceptibility testing
Identical antimicrobial susceptibility patterns were found at nine of 15 farms. At six farms, 
the antimicrobial susceptibility patterns of the human isolates differed from pig isolates for 
one antimicrobial only; differences of MIC to erythromycin were found at four farms and for 
imipenem in two farms. All C. difficile type 078 isolates had low MIC values to moxifloxacin, 
co-trimoxazole and clindamycin. All isolates were highly resistant to imipenem, except two 
isolates from different farms.  MIC> 2 for tetracycline was found at three farms only. MIC 
values to erythromycin varied; 13 of 32 isolates had MIC<1. 
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4. DISCUSSION

The aim of this study was to investigate intestinal colonization of C. difficile in pig farmers, 
their relatives, employees, and pigs, and to analyze the relatedness of the isolates. C. difficile 
was found in fecal samples from 13 (24%) farmers and employees, 5 (16%) partners, and in 
none of the fecal samples from children, leading to an overall prevalence of 14 %.

Since samples were analysed from humans from the same farm a cluster effect cannot be 
excluded. However at 14 of the 16 farms where humans were positive for C. difficile, only 
one person was positive, and at two farms two humans were positive, once a farmer and an 
employee, and once an employee and the partner of the farmer. Due to the small number of 
farms where more then one human is positive for C. difficile, the cluster effect is limited by 
nature. The prevalence of C. difficile in healthy adults is expected to be around 6% (Kuijper 
et al., 2006), and thus the carriage rate found in the farmers and their partners is higher than 
expected. However, since there is no ISO method for detection of C. difficile, it is difficult to 
compare prevalence studies from different researchers. Furthermore, most research on C. 
difficile in humans is focused on humans with disease, thus literature on the prevalence 
of the bacterium in healthy adults is scarce. There is only one publication on the carriage 
rates of C. difficile in humans and their animals. In this study a similar culture method for 
C. difficile, including a seven-day enrichment protocol, was used. Humans (n=158) raising 
one or a few animals for exhibit at county fairs were invited to submit fecal samples from 
themselves and the farm animal with which they had the most frequent personal contact 
(McNamara et al., 2010). In instances where there was close contact with a second farm 
species, a fecal specimen was also requested from this individual animal (McNamara et al., 
2010). In total 158 human samples and 203 animal fecal samples were investigated, and C. 
difficile was found in 13 (8.2%) of the human samples and in 3 (1.5%) of the animal samples.

In total 56 pigs were included in the study, and C. difficile was cultured from one of the pigs. 
None of the C. difficile positive humans had a C. difficile positive animal (McNamara et al., 
2010). Although in the study by McNamara similar culture methods for C. difficile were used, 
it is still difficult to compare the results from this study with results from our study, because 
the nature of the contact with the animals and the environment in which this contact took 
place are different. The pig farmers in our study have occupational contact with pigs inside 
the pig farm, in an environment, which is likely contaminated with spores, and breathe in air 
that likely contains spores.

At the 40 pig farms that were sampled in this study, C. difficile was present in the pigs 
at 39 farms, whereas human stool samples were positive in 16 of 32 investigated farms. 
Corresponding ribotypes were found in farmers, employees, their partners and the pigs at 
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all the farms. At the 15 farms where ribotype 078 was present in the humans, this was also 
the predominant ribotype in the pigs. At one farm type 045 was present in the farmer and 
the pigs as well. Further molecular research of type 078 and 045 isolates from humans and 
porcine origin showed that for both type 078 and type 045 a genetically related complex 
could be found including two clonal complexes encompassing human and porcine type 078 
isolates, and 100% identical human and porcine isolates. Identical human and porcine isolates 
with MLVA techniques have been reported before, but there was never an epidemiological 
link between the humans and the animals (Goorhuis et al., 2008c; Debast et al., 2009). This 
is the first study to report molecular epidemiological results for C. difficile isolates from 
humans and their animals. The finding of genetically related isolates from humans and pigs 
from different farms, and clonal complexes consisting of isolates from humans and pigs from 
different farms could indicate an epidemiological link between these farms. However, there 
is not enough information to assess whether a link between the farms can be established.

Although the antimicrobial susceptibility profiles of human and porcine isolates were 
similar at all the farms, at six farms a different susceptibility was found for one type of 
antimicrobial for the human and porcine isolates. This difference was not reflected in the 
MLVA results. For example, the genetically identical human and porcine isolate from farm 37 
have a different susceptibility to erythromycin. The molecular mechanism for erythromycin 
resistance in C. difficle type 078 isolates has not been examined and it is possible that it is 
mediated by a plasmid. Similarly, resistance to carbapenems has not been investigated in 
detail, though we could not detect carbapenemase activity by modified Hodge test (Sanders 
et al., unpublished observation). 

A limitation of this study is the fact that the participating farmers were not randomly 
selected. Because of the particular aims of the study, the population likely consists of 
front runners in the sector. This could have led to implementation of for example better 
management practices in these farms, compared to random pig farms in the Netherlands, 
with as a consequence a lower prevalence of C. difficile on the farm. Another limitation is 
that the human fecal samples were sent to the laboratory by post, thus without cooling. 
This could have influenced the recovery rate of C. difficile from the human feces, while the 
porcine fecal samples were sent by a courier in cooled transport, which could have led to a 
better recovery of the bacterium from the porcine samples. However, the effect of storage 
conditions on the recovery of C. difficile from mouse fecal samples stored at ambient 
atmosphere showed that the vegetative C. difficile cells were shortlived (<7hr), while the 
spores survived at a constant level over a 30-day period (Lawley et al., 2009). Therefore, it 
is not expected that the transport of the human fecal samples by ambient temperature has 
led to overgrowth of C. difficile and false-negative results.



The prevalence of C. difficile in pig farmers, their family members, and the pigs on the farm, as proof for interspecies transmission

119

Ch
ap

te
r 

7

Another limitation of this study is that the samples from the pigs were pooled samples 
from the floor, and therefore the exact number of pigs contributing to a positive sample is 
unknown. Furthermore, the wards that were sampled per farm are different. For example, 
if a farm (n=24) also had fattening pigs, samples from these wards could be send in as well, 
and as a result the age distribution of animals that were sampled varies per farm. This 
makes it difficult to compare prevalences between the farms. The strength of this study 
is the inclusion of not only the farmer and employees, but also family members, and that 
both humans and pigs from the same farm were sampled around the same time, therefore 
providing the possibility to link human and porcine isolates epidemiologically. 

ConCluSIon

The carriage rate in the population of people with direct contact with pigs is higher than 
the carriage rate that is observed in the general population. The finding of ribotypes from 
humans and pigs from the same farms with identical MLVA types indicates that transmission, 
either via direct contact or the environment, occurs. Prospective studies are needed to 
determine the risk for development of CDI in this population.
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SuMMarIzIng dISCuSSIon

After the recognition of C. difficile as the main cause of pseudomembranous colitis in humans 
in hospitals in 1978 (Bartlett et al., 1978), the bacterium was considered a typical nosocomial 
pathogen. The main risk factor for C. difficile infection (CDI) was the use of antimicrobials 
in elderly patients, with improvement of disease in patients after discontinuation of the 
enticing antimicrobial (Gerding. 2009). This perception changed at the beginning of this 
century, because of an increase of the incidence and severity of disease in hospitalized 
patients in North America and Europe (Pepin et al., 2004; Loo et al., 2005; McDonald et 
al., 2005; Kuijper et al., 2006; Kuijper et al., 2007). Additionally, severe CDI was reported in 
populations previously considered at low risk for disease, e.g. healthy persons living in the 
community (Centers for Disease Control and Prevention (CDC). 2005; Wilcox et al., 2008; 
Huhulescu et al., 2009; Khanna et al., 2012), peripartum women (Centers for Disease Control 
and Prevention (CDC). 2005; Rouphael et al., 2008), and children (Kim et al., 2008). This 
increase in incidence and severity of disease is caused by emerging hypervirulent strains of 
C. difficile (Pepin et al., 2004; Kuijper et al., 2006; Goorhuis et al., 2008b). C. difficile type 
027 and 078 are considered hypervirulent because they produce more toxins than other 
ribotypes due to a mutation in the toxin regulatory gene tcdC, although the deletion and 
frameshift are different for the 2 ribotypes (a 39-base pair deletion and a single base pair 
deletion at position 184 in the case of ribotype 078, and an 18–base pair deletion and a 
deletion at position 117 in the case of ribotype 078 (Goorhuis et al., 2008a; Cartman et al., 
2010). Furthermore, they both harbour besides genes encoding toxin A and toxin B also 
the genes for binary toxin. Type 078 and 027 cause similar rates of severe diarrhoea and 
attributable mortality, but type 078 is more frequently associated with community acquired 
CDI (Goorhuis et al., 2008a). Currently type 078 is the third most common type in human 
patients with C. difficile infection (CDI) in hospitals in Europe (Bauer et al., 2011). Ribotype 
078 is also the predominant type in piglets (Keel et al., 2007; Debast et al., 2009; Keessen 
et al., 2011). C. difficile is reported as the major cause of diarrhoea in piglets from zero 
to seven days old (Songer and Anderson, 2006). Morbidity of CDI on farms is high, two 
third of the litters can be affected, and within a litter morbidity can reach 97 to100 percent 
(Songer. 2004a; Anderson and Songer, 2008; van Leengoed et al., 2008) Outbreaks with a 
high mortality rate, up to 16 percent have been reported (Anderson and Songer, 2008), but 
usually most piglets recover, albeit with a growth retardation which results in about half a 
kilo lower average weaning weight (Songer. 2004b). Common exposure of humans and pigs 
could explain the rise of incidence of this ribotype, but the source of exposure is not yet 
identified.  

The finding of indistinguishable MLVA types of C. difficile in humans with CDI and piglets 
with diarrhea (Debast et al., 2009) and similar C. difficile ribotypes in pork meat and in 
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humans with CDI (Rodriguez-Palacios et al., 2007; Songer et al., 2009; Weese et al., 2009) 
led to the concern that transmission of C. difficile via pigs to humans contributes to the 
increased severity and incidence of disease in humans. 

This concern is the basis of this PhD research with as main goal to investigate the risk of CDI 
in the human population due to transmission of C. difficile from pigs to humans. Risk was in 
this thesis defined as the probability of occurrence of CDI in the human population due to 
exposure to porcine C. difficile. Transmission of C. difficile from pigs to humans could occur 
via three routes; direct contact with pigs, indirect contact with pigs, i.e. via the environment, 
and via food, either of porcine origin or fertilized with porcine manure. However, since the 
minimum infectious dose of C. difficile is unknown, it is impossible to quantify the risk 
associated with these possible routes of transmission. An overview of the literature on 
differences and similarities of C. difficile in humans and animals, and possible interspecies 
transmission routes is presented in chapter 1 of this thesis. 

Previous to the research presented in this thesis C. difficile was only found in The Netherlands 
on two farms with chronic problems with neonatal diarrhea of the piglets, and the bacterium 
was not found at the seven pig breeder farms with a history of no problems with gastro-
intestinal diseases (Debast et al., 2009). It was unclear if this was due to insufficient sensitivity 
of the detection method of the bacterium (personal communication, Debast). Therefore, the 
first research question of this thesis was the evaluation of the detection method for C. difficile 
in pigs by analyzing fecal samples from piglets at 18 pig breeder farms in the Netherlands 
(chapter 2). Next, within farm transmission of C. difficile was studied. To determine how and 
when piglets become infected the presence of C. difficile in samples from newborn piglets, 
sows, and the environment were analyzed (chapter 3). Furthermore, aerial dissemination 
of C. difficile inside and outside a pig farm was investigated and associated with personnel 
activity (chapter 4). To determine whether the source of C. difficile on pork meat could 
be intestinal colonization with the bacterium of pigs and subsequent contamination of the 
carcass, the prevalence of C. difficile in slaughter pigs was determined by taking fecal samples 
from pigs in the slaughterhouse, right after stunning and bleeding (chapter 5). Additionally, 
farm specific factors were linked to the presence of C. difficile in the intestines of pigs, to 
identify possible intervention measures, which is described in chapter 5. As a last research 
theme in this thesis C. difficile isolates from humans and pigs were compared (chapter 6 
and 7). This was done by comparing the antimicrobial susceptibility profiles of isolates from 
hospitalized human patients with CDI, and from piglets (chapter 6). Epidemiologically linked 
isolates from people directly working with pigs, their family members, and their pigs were 
genotypically and phenotypically compared (chapter 7). These topics will be discussed in 
more detail in the following sections. 
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Detection of C. difficile in piglets
The reliability of detection methods for C. difficile is of crucial importance, because 
epidemiological studies on the role of the bacterium in animal and human disease and on 
the possibility of zoonotic transmission are based on the outcomes of these tests. There are 
no commercially available rapid tests for detection of C. difficile or its toxins especially for 
veterinary use, and therefore diagnostic tests, validated for use in human patients with CDI, 
are used instead. In the research described in chapter 2 of this thesis the characteristics of 
four different commercially available ‘human’ diagnostic tests to detect C. difficile in piglets 
were compared to two reference methods, e.g. the cell cytotoxicity assay (CTA), and feces 
culture with subsequent determination of toxin-producing abilities when C. difficile isolates 
are encountered (toxigenic culture, TC). To collect testing material, 18 pig breeder farms 
were visited and faecal samples from piglets with diarrhea (139 samples, including 89 pooled 
samples), and 33 pooled faecal samples from piglets without diarhea were investigated.  
The results of this research showed that none of these tests can be used as a single test 
for the detection of C. difficile in pig herds, due to an unacceptably low performance. For 
detection of C. difficile in a pig herd a two-step algorithm is necessary, similar to that in cases 
of human CDI. Since the real-time PCR had the highest sensitivity and negative predictive 
value compared to both reference methods of all the diagnostic methods, it is the most 
appropriate test to screen for the absence of C. difficile in pigs as a first step in the algorithm. 
The second step would be a confirmation of the positive results by toxigenic culture. 

The ribotype of isolates can have an impact on the sensitivity of molecular diagnostics and 
EIA’s of human faeces samples, e.g. a lower sensitivity (81.8 percent with the RT-PCR and 
63.6 percent with EIA) was found for the C. difficile PCR ribotype 078 than for many other 
ribotypes (for example, 027: 100 percent with the RT-PCR and 78.4 percent with EIA) using 
molecular diagnostics and EIA’s (Tenover et al., 2010). Therefore, the preferred method 
would be to compare the sensitivity of the diagnostic tests across different ribotypes. 
This was not possible, since the isolates from piglets from 18 different farms were almost 
exclusively ribotype 078 (70/71, 99%), and one isolate was identified as type 045. 

At all the 18 farms where piglets were sampled, Clostridium difficile was detected. It is not 
clear if this indicates an increase in prevalence of the bacterium, since there is no monitoring 
and surveillance on C. difficile in place. Nonetheless, toxin testing for C. difficile in piglets 
with diarrhea in North America revealed C. difficile as the most important cause of neonatal 
diarrhea in piglets (Nemat et al., 2009). 
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transmission of C. difficile within a farm
To determine how piglets become infected with C. difficile and in which time frame after 
birth this occurs, six sows, their farrowing crates and their litters at one farm were sampled 
until C. difficile was found in all piglets. The results of this research are described in chapter 
3. Since all 71 piglets became positive for C. difficile within 48 h after birth, while all sows 
became positive within 113 hours after parturition, contamination of the environment 
with C. difficile is the most logical source for infection for the piglets. Indeed, sampling of 
the environment indicated that C. difficile was widely present on surfaces in the pig farm, 
despite the application of a strict all-in-all-out-system with cleaning with an alkaline foam 
cleaner after the weaning of the piglets. Furthermore, the bacterium was present in the air 
of the farrowing wards at the pig farm. To determine whether C. difficile was also present in 
the air in other wards than the farrowing wards, air samples were taken from all the wards 
at the same pig farm. Results from this study are presented in chapter 4 of this thesis.

C. difficile colonies were detected in numbers ranging from 2 to 625/m3 in the air of all 
of the wards, except in the air of the pregnant sow unit. Personnel activity was recorded 
simultaneously to the air sampling and preceded most peaks in the colony count of the 
continuous sampling experiments; feeding, vaccination and movement of weaned piglets 
from the farrowing pen to the weaned piglets ward correlated significantly to an increase 
in colony count.  The finding of airborne C. difficile indicates that aerial dissemination of 
the bacterium can play a role in the transmission of CDI amongst piglets within wards, 
but also between piglets in different wards, since C. difficile was detected in the hallway 
during movement of the piglets. Because the airflow is directed from the hallway to the 
different pens, C. difficile can be dispersed into other wards. Transmission can subsequently 
occur through contamination of surfaces with C. difficile.  Although infection following 
airborne transmission has been described for several gastro-intestinal pathogens such 
as Salmonella, Campylobacter and Clostridium botulism (Sugiyama et al., 1986; Pillai and 
Ricke, 2002; Oliveira et al., 2006), no publications could be found on the potential and 
mechanisms of infection by airborne C. difficile.  Risk of infection of the gastro-intestinal 
tract by airborne C. difficile can only occur when airborne particles have a size of at least 
≥6 μm, because then they are beyond the limit of respirable size, and will be filtered in the 
nose and subsequently swallowed (Stark. 1999; Pillai and Ricke, 2002). The configuration of 
airborne C. difficile particles was not determined in our study. Based on the fall-out time of 
C. difficile it was calculated (Wilcox et al., 2010) that C. difficile aggregates to a size of at least 
6.1 μm, and thus follows the same route as ingested C. difficile after inhalation.

To investigate whether there is a risk of infection with airborne C. difficile outside the pig 
farm, air samples were taken above roof exhausts and at distances 20, 40, 80 and 140 meter 
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downwind at a height of 1.5 m. Outside air samples tested positive up to 20 meter distant 
from the farm. C. difficile was not found in air samples further from the farm. This could be 
due to the minimal wind speed during sampling, or that the sampling time of five minutes 
was too short, given that the concentration of C. difficile is greatly diluted by the outside 
air.  It is also possible that C. difficile is aggregated with organic material, resulting in greater 
particles and a faster fall-out time.  To determine whether the finding of C. difficile in limited 
numbers at a 20 meter distance in the air from a pig farm results in a risk for people outside 
pig farms further research to the spread of C. difficile in the environment of pig farms is 
needed. The results of the research described in chapter 3 and 4 implicate that occupational 
exposure to C. difficile due to contaminated surfaces and inhalation of C. difficile in a pig 
farm is common. 

prevalence of Clostridium difficile in slaughter pigs
One of the suggested transmission routes of C. difficile from pigs to humans is via the 
consumption of food of animal origin. This suggestion was enhanced by the finding of 
overlapping ribotypes in humans with CDI and in retail pork meat (Rodriguez-Palacios et al., 
2007; Songer et al., 2009; Weese et al., 2009). However, the source of this contamination 
could, besides from infected animals, also have originated from contamination during 
processing via the environment or via the hands of infected personnel. The aim of the study 
described in chapter 5 was to determine the prevalence of C. difficile in a large population 
of randomly sampled slaughter pigs from different farms. Furthermore, ribotyping was 
used to relate the found C. difficile ribotypes to the commonly found ribotypes of C. difficile 
in humans. Hence, during five different weekdays a slaughterhouse was visited to collect 
faecal samples of randomly selected pigs of herds from 39 pig farms located throughout 
the Netherlands. The overall prevalence of C. difficile was 8.6% (58/677). This result is in 
concordance with prevalences in adult swine reported in other studies (Indra et al., 2009; 
Norman et al., 2009; Keessen et al., 2011) and indicates that although high prevalences of 
around 50% are reported in healthy neonatal piglets (Alvarez-Perez et al., 2009; Avbersek 
et al., 2009; Norman et al., 2009), C. difficile prevalence decreases with age. C. difficile 
was present in at least one rectal sample of a pig in 61.5% (24/39) of the herds from the 
39 included farms, indicating that the bacterium is commonly present at pig farms in the 
Netherlands.

Compared to the low variety of ribotypes in piglets, where only two different ribotypes 
were found in piglets from 18 farms, a high variety of 16 distinct C. difficile ribotypes was 
identified, with type 078 (18/58, 31.0%) predominantly present.  A higher ribotypical variety 
was found in pigs from conventional farms compared to pigs from organic farms. Ribotype 
078 was significantly more frequently found in herds from organic farms (86.6%) then in 
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herds from conventional farms (20.8%) (P = 0.013). The number of different ribotypes that 
were present per farm is low; per farm two or three different ribotypes were present (23 
farms) and at one farm four different ribotypes were encountered in the herd.

An additional goal of the study presented in chapter 5 was to relate farm specific factors 
to the presence of C. difficile within herds from pig finishing farms. Therefore, information 
was provided by the slaughterhouse on the following data from the farms; farm type, e.g. 
organic or conventional, farm system, e.g. farrow-to-finish or grower-to-finisher, farm size, 
presence of other production animals, e.g. veal calves or poultry and horses on the farm, 
Salmonella status of the farm, slaughter age of the delivered pigs, and geographical location 
of the farms. For this analysis the farm was considered the epidemiological unit, thus when 
an isolate from one pig was positive for C. difficile the whole farm was considered positive. 
None of the farm specific management practices was associated with a risk of colonization 
of pigs at slaughter age. Especially for farm type it was expected that pigs from conventional 
farms were more at risk to be colonized with C. difficile, due to a high chance of having 
been given antimicrobials earlier in life, which subsequently leads to a disruption of the 
normal flora which may lead to consequent establishment and proliferation of C. difficile. 
Colonization with C. difficile is potentially long-term, since spores can stay tucked away in 
the colonic diverticula, thereby avoiding peristalsis and exposure to antibiotics (Tedesco et 
al., 1985). Moreover, the administration of antimicrobials to mice created ‘supershedders’ 
and long term carriers (Lawley et al., 2009). The finding of similar prevalence rates of C. 
difficile in pigs from conventional farms and from organic farms indicates that the use of 
antimicrobials earlier in life does not result in great differences in colonization in later life. 

However, due to the small sample size it is difficult to interpret the results. Unfortunately, the 
information on farm specific factors was not always available, e.g. the Salmonella status was 
known for only 16 farms, resulting in too low numbers for valid risk analysis. No predisposing 
factors on the farm were found in this study, except that location of the farm in the North 
of The Netherlands was significantly associated with a higher prevalence (P = 0.04) of C. 
difficile with 83% (15/18) of the herds originating from the North of the Netherlands positive, 
and 36% (7/19) farms in the South of the Netherlands. No geographical, meteorological 
or demographic explanation for this difference was found. The results from the research 
presented in chapter 5 indicate that intestinal colonization of slaughter pigs occurs in around 
10 percent of the slaughter pigs. Potentially this could lead to contamination of pork meat 
with C. difficile. However, if this contamination occurs depends on the slaughter technique, 
and thus the finding of C. difficile in the intestines of a pig does not necessarily result in the 
finding of C. difficile on the carcass of the pig. 
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Comparison of C. difficile isolates from humans and pigs
The results of the comparison of the antimicrobial susceptibility profiles of C. difficile type 
078 isolates of human and porcine origin presented in chapter 6 show similar antimicrobial 
susceptibility patterns for seven of the nine tested antimicrobials. Additionally, similar 
molecular mechanisms of resistance were found in the human and porcine isolates. A close 
genetic relation of the isolates, rather then a similar antimicrobial pressure, is expected.

This is because the antimicrobial use in humans versus animals in the Netherlands is 
remarkable different, with the use of antibiotics in human medicine in the Netherlands 
among the lowest in the European Union, while veterinary use of antibiotics is among the 
highest (Grave et al., 2010; Coenen et al., 2011). On the other hand, many resistance genes 
are situated on transposons, and therefore, similar antimicrobial susceptibility patterns of 
human and porcine isolate alone, can not give definitive insight in possible transmission of 
C. difficile from pigs to humans or vice versa, or through common exposure of humans and 
animals. Therefore isolates of human and porcine origin should be epidemiologically linked 
and further analyzed by molecular techniques. Therefore, in chapter 7 epidemiologically 
linked C. difficile isolates, e.g. isolates from pig farmers, their relatives, employees, and their 
pigs were analyzed. The genetic relatedness of the isolates was compared by ribotyping and 
Multiple-locus-variable-number-tandem-repeat analysis, and the phenotypical similarity 
by comparison of antimicrobial susceptibility profiles. Ribotype 078 was the predominant 
ribotype in humans and in pigs, and isolates were highly genotypically and phenotypically 
similar.

Furthermore, prevalence rates of C. difficile in pig farmers, their relatives, employees, and 
their pigs were determined. C. difficile was encountered at 39 of the 40 farms, with type 
078 predominantly present at 37 farms. Since C. difficile spores can survive the treatment 
procedures of the effluent of piggeries and concentrations of C. difficile of 200 CFU/ml have 
been found the environment and agricultural products can become contaminated with C. 
difficile after fertilizing lands with the effluent of piggeries (Hensgens et al., 2012). 

Colonization rates of C. difficile in pig farmers and their employees were higher then 
the colonization rates described in healthy adults. It has to be taken into account that 
most research on C. difficile in humans is focused on CDI, and thus on diseased humans. 
Nevertheless the finding of higher prevalences of C. difficile in farmers and employees with 
isolates that are highly similar to the isolates from their pigs, indicates that working with 
pigs is an occupation risk for colonization with C. difficile.
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CONCLUSIONS AND FUTURE PERSPECTIVES

The results described in this thesis showed that C. difficile is commonly present at pig farms 
in the Netherlands and that occupational exposure to pigs can result in an increased risk of 
colonization with C. difficile.  Furthermore, the high prevalence of C. difficile positive farms 
can lead to environmental contamination with C. difficile. The finding of colonization rates 
in slaughter pigs of around 10 percent in the slaughterhouse indicates that contamination of 
meat with C. difficile is possible. Therefore it can be concluded that there is a potential risk 
for the human population to be colonized with C. difficile of porcine origin.  The highest risk 
of colonization with C. difficile is through occupational exposure. The finding of high carriage 
rates in farmers emphasizes a need for a special protocol for prescription of antimicrobials 
to pig farmers, where the use of antimicrobials associated with CDI should be very limited. 

To quantify the risk of colonization with C. difficile more information is needed on the 
minimum infectious dosis. Since pigs show similar symptoms as humans after infection 
with the bacterium, an animal model with pigs could be used to study this. To prevent 
dissemination of C. difficile from a pig farm, either directly through contact or through the 
air, or indirectly through dissemination of effluent of piggeries in the environment, research 
on the efficacy of the implementation of intervention measures focused on prevention of 
colonization of piglets is needed.  
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Clostridium difficile kan ziekte veroorzaken bij zowel mensen als bij veel verschillende 
diersoorten, zoals paarden, koeien, varkens, olifanten, struisvogels, knaagdieren, beren 
en nog veel meer andere dieren. Aangezien hetzelfde subtype van de bacterie problemen 
veroorzaakt bij mensen en ook bij varkens, was dit promotieonderzoek er op gericht om uit 
te vinden of er risico is voor het overdragen van C. difficile van varkens naar mensen. 

C. difficile is een sporenvormende bacterie, wat wil zeggen dat na het doodgaan van de 
bacterie z’n overblijfsel, de spoor, later weer uit kan groeien tot een volwaardige bacterie. De 
(anaerobe) bacterie zelf kan buiten het maagdarmkanaal en onder invloed van zuurstof maar 
een paar uur overleven. Het kenmerk van de sporen is echter dat ze heel goed in staat zijn 
om jarenlang onder erg ongunstige omstandigheden te overleven. Droogte, extreem hoge of 
lage temperaturen, heel hoge of lage zuurgraden of zelfs radioactieve straling; de C. difficile 
spoor kan er allemaal tegen. Van de bekende huis-, tuin- en keukenschoonmaakmiddelen 
doet alleen dikke bleek het echt goed tegen C. difficile.
C. difficile werd voor het eerst aangetoond in 1935 in de ontlasting van gezonde pasgeboren 
baby’s. Vele jaren later pas, in 1978, werd duidelijk dat de bacterie ook ernstige ziekte 
kon veroorzaken. Dat komt omdat pas later in de 20e eeuw antibiotica veel meer gebruikt 
werden, waar de C. difficile bacterie vaak resistent tegen is. Door het uitroeien van de 
‘goede’ bacteriën in de darm met antibiotica heeft C. difficile geen competitie meer en kan 
dan heel snel uitgroeien. Dat is met name vervelend omdat C. difficile toxines kan maken die 
zorgen voor diarree en ontsteking in de dikke darm.
C. difficile is de belangrijkste veroorzaker van pseudomembraneuze colitis (oftewel een 
hele erge ontsteking van de dikke darm), wat dodelijk kan zijn bij mensen in ziekenhuizen. 
Ook kan C. difficile infectie leiden tot milde tot zeer ernstige diarree, vaak gecombineerd 
met systemische verschijnselen zoals koorts. Overigens kan een C. difficile infectie ook 
voorbijgaan zonder ziekteverschijnselen. In dat geval wordt iemand vaak een ‘drager’ van C. 
difficile, daarbij heeft de bacterie zich genesteld in de darmen. 
C. difficile werd tot voor kort als een klassieke ziekenhuisbacterie gezien. De risicogroep 
bestond uit oude mensen die opgenomen waren met een ernstige ziekte en daarvoor 
behandeld werden met antibiotica. Sinds het begin van de 21e eeuw echter, wordt een sterke 
toename van C. difficile infecties waargenomen binnen ziekenhuizen, waarbij de patiënten 
ook nog veel zieker worden. Daarnaast komen C. difficile infecties meer voor buiten deze 
groep, namelijk bij jongere mensen, zonder voorafgaande antibioticabehandeling, of bij 
mensen die niet in verpleeg- of ziekenhuizen geweest waren. 

Vaak is er om van C. difficile af te komen een behandeling met een antibioticum nodig. 
Net zoals bij het alom bekende MRSA, is het lastige hierbij dat slechts een beperkt aantal 
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antibiotica werkzaam is tegen C. difficile. Dit aantal dunt steeds verder uit naarmate de 
bacterie tegen meer antibiotica resistent wordt; er zijn nu nog maar 3 soorten antibiotica 
over die gebruikt kunnen worden. 

Wie op DNA-niveau naar grote hoeveelheden C. difficile bacteriën kijkt, kan een 
verscheidenheid aan verschillende typen ontdekken. Middels zogenaamde ribotypering zijn 
inmiddels meer dan 300 verschillende soorten ribotypes ontdekt. Gelukkig zijn niet al deze 
ribotypes in staat om toxines te maken. Een specifiek ribotype, nummer 078, springt in het 
bijzonder in het oog. Ten eerste is dit type in staat toxines te maken, met andere woorden: 
hij is giftig. Ten tweede is dit het type wat het op twee na vaakst wordt gezien bij C. difficile 
infecties bij mensen in Europa. Ook wordt dit type gezien bij mensen die niet in de klassieke 
risicogroep vallen.
Maar, het houdt niet op; type 078 wordt ook veel gezien bij pasgeboren varkens. Nadat 
aangetoond werd dat identieke bacteriën gevonden werden in zowel monsters van diarree 
van biggen en in die van mensen met C. difficile infectie, ontstond de verdenking dat er wel 
eens overdracht zou kunnen zijn van deze bacterie tussen dier en mens.

Het doel van dit promotieonderzoek was het bepalen of er risico is op overdracht van C. 
difficile van varkens naar mensen.  
Er zijn 3 verschillende mogelijkheden voor overdracht van C. difficile vanuit varkens naar 
mensen, namelijk door: 
1. direct contact met varkens;
2. consumptie van varkensvlees of gewassen, bemest met varkensmest;
3. indirect contact met varkens, dus bijvoorbeeld via lucht of oppervlaktewater, besmet 

met C.difficile.

Een uitgebreid overzicht van de literatuur over verschillen en overeenkomsten van C. difficile 
bij dieren en mensen en een beschrijving van mogelijke transmissieroutes is beschreven in 
hoofdstuk 1 van dit boek. 

Voorafgaand aan dit promotieonderzoek heeft een ander onderzoek plaatsgevonden naar C. 
difficile. Bij 2 bedrijven waar steeds diarree optrad bij de pasgeboren biggen, werd C. difficile 
aangetoond. Bij 7 andere bedrijven waar geen diarreeproblemen bij de jonge biggen waren, 
werd geen C. difficile aangetoond. Dit zou wijzen op een sterke relatie tussen C. difficile en 
diarree bij biggen. Onduidelijk was echter of er op de diarreevrije bedrijven daadwerkelijk 
geen C. difficile aanwezig was, of dat de gebruikte manier om het te detecteren niet 
gevoelig genoeg was. Om te beginnen met een goede set van detectiemethoden, is in 
deze promotie als eerste onderzoek gedaan naar de manier waarop men C. difficile kan 
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detecteren. Om dit onderzoek uit te voeren werd ontlasting van bijna 200 biggen verzameld 
op 18 varkensbedrijven in Nederland. Hier werden vervolgens 4 commercieel verkrijgbare 
sneltesten1 op losgelaten. Ook werden 2 alom bekende referentiemethoden2 gebruikt om 
C. difficile in de monsters aan te tonen. De resultaten van de referentiemethoden werden 
daarbij beschouwd als het ‘werkelijke’ resultaat.  Het vergelijken van de resultaten van de 
commercieel verkrijgbare sneltesten met de referentiemethoden leverde voor het vervolg 
van het onderzoek een nuttige conclusie op: de sneltesten kunnen wel gebruikt worden 
om afwezigheid van C. difficile aan te tonen. Wanneer echter een positief resultaat wordt 
gevonden, is een vervolgstap nodig om uit te sluiten dat het geen ‘vals-positief’ resultaat is. 
Als vervolgstap kan een van de 2 referentiemethoden worden gebruikt. In het vervolg van 
dit promotieonderzoek is om C. difficile aan te tonen steeds één van de referentiemethodes, 
namelijk de toxinogene kweekmethode, gebruikt. Het volledige  onderzoek naar de 
detectiemethoden staat in hoofdstuk 2 van dit onderzoek. Overigens werd op alle 18 
bedrijven C. difficile aangetoond in de ontlasting van de biggen. Meer dan 40% van de bijna 
200 monsters bevatten de giftige (toxinogene) variant. In slechts 1 geval betrof het hier niet 
ribotype 078.

Het volgende vraagstuk was hoe precies de pasgeboren biggen geïnfecteerd waren geraakt 
met C. difficile; via de zeug of vanuit de omgeving. Dit onderzoek is belangrijk, aangezien 
het onderbouwing geeft voor mogelijke interventiemaatregelen in de toekomst. Na grondig 
monsteren van de ontlasting van de zeug en de biggen, voor en na de geboorte, net zolang 
tot C. difficile kon worden aangetoond bij alle biggen en zeugen, konden conclusies getrokken 
worden. Binnen 48 uur na geboorte waren alle biggen C. difficile positief. Echter, er waren 
toen nog steeds zeugen waarbij de bacterie niet werd gevonden in de ontlastingsmonsters; 
deze waren pas na 113 uur positief voor alle zeugen. Dit wijst erop dat de besmetting 
vanuit de omgeving (in tegenstelling tot besmetting via de zeug) de meeste voorkomende 
oorzaak is voor een infectie bij biggen. Bij het bemonsteren van de omgeving bleek C. 
difficile inderdaad wijdverbreid aanwezig te zijn, wat wederom bijdraagt aan voornoemde 
conclusie. Bovendien werd C. difficile ook aangetoond in luchtmonsters van de kraamstallen. 
In dit onderzoek werd overigens wederom gekeken naar de ribotypen van de onderzochte C. 
difficile bacteriën. Alle isolaten waren weer van het type 078. Middels de zogenaamde MLVA3 
is verder gekeken naar de genetische relatie tussen de verschillende type 078 bacteriën, 
gevonden in biggen, zeugen, oppervlaktes en luchtmonsters in verschillende stallen binnen 

1 1 Real-time PCR en 3 Enzyme Immuno ELISA’s

2 Referentie methoden: bacterie-kweek gevolgd door PCR op de aanwezigheid van C. difficile toxinegenen (tox-
inogene kweekmethode) en een cytotoxiciteitstest met behulp van een cellijn voor C. difficile toxines.

3 MLVA = multiple-locus variable-number tandem repeat analysis
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hetzelfde bedrijf. Uit deze analyse bleek dat de bacteriën allemaal genetisch aan elkaar 
gerelateerd waren. Dit wijst op een sterke uitwisseling van een bedrijfsspecifiek type 078 
C. difficile bacteriën tussen de omgeving, biggen en zeugen. Het volledige onderzoek is 
beschreven in hoofdstuk 3.

In hoofdstuk 4 is onderzoek beschreven over de verspreiding van C. difficile binnen een 
varkensbedrijf via de lucht. Hiervoor werden in hetzelfde varkensbedrijf luchtmonsters 
genomen. C. difficile werd, behalve in de dragende-zeugenstal, aangetoond in luchtmonsters 
in alle stallen. In de centrale gang, van waaruit verse lucht naar de verschillende stallen 
wordt geblazen, werd gemonsterd tijdens het verplaatsen van de biggen, en ook hier 
werden luchtmonsters positief voor C. difficile gevonden. Uiteraard werd weer gekeken naar 
het ribotype van de C. difficile bacteriën. Dit was wederom type 078.
Tevens werd aangetoond dat personele activiteit leidde tot een sterke toename in aantallen 
C. difficile in de lucht. Het frequente voorkomen van C. difficile in de lucht binnen het 
varkensbedrijf geeft aan dat dit een rol kan spelen in overdracht van C. difficile tussen 
biggen in dezelfde stal, maar ook tussen verschillende stallen. Overdracht kan optreden 
door neerdalen van C. difficile, met als gevolg contaminatie van een oppervlak. Een infectie 
zou ook kunnen plaatsvinden door het inademen van lucht met daarin C. difficile. Of dit 
gebeurt hangt af van de configuratie van C. difficile in de lucht. Partikels vanaf ≥6 μm worden 
gefilterd in de neus en vervolgens ingeslikt. 
Dat is ook beschreven voor andere gastro-intestinale bacteriën, zoals Salmonella, 
Campylobacter en Clostridium botulinum. 
Het is echter onbekend op welke manier C. difficile zich verplaatst in de lucht. In een 
onderzoek in een ziekenhuis is berekend, op basis van de tijd die het duurde voordat C. 
difficile uit de lucht viel, dat partikels minstens 6.1 μm zouden moeten zijn. Echter, door de 
aanwezigheid van veel meer organisch materiaal in een varkensstal dan in het ziekenhuis, 
zou C. difficile in een varkensstal, gebonden aan organisch materiaal, veel groter kunnen 
zijn en daardoor mogelijk veel sneller neerdalen. Om het risico op verspreiding via de 
buitenlucht te bepalen, werden luchtmonsters genomen direct boven de luchtuitlaten op 
het dak van het varkensbedrijf en benedenwinds op 20, 40, 80 en 140 meter afstand van 
het bedrijf. C. difficile werd aangetoond in luchtmonsters tot 20 meter afstand. Om vast te 
stellen of dit een risico inhoudt voor mensen, is eerst meer onderzoek naar de verspreiding 
in de omgeving en de configuratie in de lucht van C. difficile nodig.  

Een van de mogelijkheden voor transmissie van C. difficile van varkens naar mensen is via 
het eten van varkensvlees waar sporen van de bacterie opzitten. Uit onderzoek is namelijk 
gebleken dat C. difficile sporen het verhittingsproces van vlees kunnen overleven, ook 
wanneer het vlees helemaal ‘gaar’ wordt gebakken. De sporen kunnen vervolgens onder 
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invloed van verteringsenzymen in de darmen ontkiemen en hun gastheer infecteren. Het 
aantonen van C. difficile op vlees van varkens dat gekocht was in de supermarkt, maakte 
de verdenking van vlees als mogelijke bron van C. difficile afkomstig van varkens compleet. 
Echter, het aantonen van C. difficile op vlees in de supermarkt betekent niet per definitie van 
C. difficile ook afkomstig was van geslachte varkens. Andere bronnen zouden de handen van 
het slachthuis- en retail-personeel, of een besmetting vanuit de omgeving van het slachthuis 
of retailbedrijf kunnen zijn. 
Om te bepalen of C. difficile op vlees afkomstig kan zijn uit de darmen van de geslachte 
varkens, werden aan de slachtlijn, direct na het verdoven en verbloeden, ontlastingsmonsters 
genomen van de varkens. Dit onderzoek staat beschreven in hoofdstuk 5. 
Op 5 verschillende werkdagen werden op deze manier bijna 700 monsters verzameld van 
slachtvarkens van 39 varkensbedrijven. Bij rond de 10% slachtvarkens werd C. difficile 
aangetoond in het ontlastingsmonster; deze varkens waren afkomstig van 61.5% van de 
bedrijven. Uit dit onderzoek blijkt dat C. difficile op vlees mogelijk afkomstig is uit de darmen 
van de varkens. Een heel belangrijke kanttekening bij dit onderzoek is dat het afhankelijk 
is van de zorgvuldigheid van de slachter of er besmetting van het karkas met darminhoud 
optreedt. Daarom betekent het aantonen van C. difficile in de darmen van een slachtvarken 
niet gelijk dat ook het vlees gecontamineerd zal zijn. Om dit aan te tonen is verder onderzoek 
in het slachthuis noodzakelijk.
Verder werd ook in dit onderzoek gekeken naar het ribotype van de gevonden bacteriën, 
hierbij was ribotype 078 wederom het meest voorkomende ribotype. 

Een ander doel van dit slachthuisonderzoek was vaststellen of er een verband was 
met specifieke bedrijfsfactoren en de aanwezigheid van C. difficile in de darmen van de 
slachtvarkens, omdat dit belangrijke aanknopingspunten voor interventiemaatregelen 
zouden kunnen zijn. Via het slachthuis werd informatie ingewonnen over het type bedrijf 
(conventioneel of biologisch), of de biggen op het bedrijf geboren waren of aangekocht, of 
er nog andere dieren aanwezig waren, de Salmonella status van het bedrijf, de slachtleeftijd 
van de aangeleverde varkens en de locatie van het bedrijf. Er werden geen verschillen 
gevonden in aantallen bedrijven met positieve varkens voor deze factoren, behalve dat er 
meer bedrijven met C. difficile positieve varkens waren in het noorden van Nederland dan in 
het zuiden. Er zijn geen geografische, meteorologische of demografische verklaringen voor 
dit verschil gevonden.

Om te bekijken in hoeverre C. difficile bacteriën van mensen en varkens nu op elkaar lijken 
qua antibiotica resistentieprofielen werden, in een studie beschreven in hoofdstuk 6, 49 
geïsoleerde bacteriën (isolaten) type 078 van humane patiënten met C. difficile infectie uit 
verschillende ziekenhuizen in Nederland vergeleken met 50 type 078 isolaten van biggen met 
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diarree van 25 verschillende varkensbedrijven. De effectiviteit van 9 soorten antibiotica tegen 
de humane en varkens C. difficile isolaten werd bepaald. Voor 7 van de 9 soorten antibiotica 
werd een vergelijkbare effectiviteit gevonden bij de humane en varkensisolaten. Voor 4 
soorten antibiotica, namelijk tetracycline, erythromycine, clindamycine en moxifloxacine, 
werd met behulp van moleculaire technieken bepaald of dezelfde resistentiegenen aanwezig 
waren bij de humane en varken isolaten. Deze werden gevonden voor moxifloxacine en 
tetracycline, bij zowel varkens als humane isolaten. Genetische mutaties ter verklaring van 
resistentie voor erythromycine en clindamycine werden alleen bij een zeer beperkt aantal 
humane isolaten gevonden. 
De resultaten van dit onderzoek zijn een aanwijzing voor een nauwe genetische relatie van 
de varkens en humane isolaten, maar aangezien veel resistentiegenen gelegen zijn op DNA-
transposons (dat is een stukje DNA op een chromosoom, dat in het genoom van plaats 
kan verwisselen),  is uitgebreider onderzoek nodig voordat geconcludeerd kan worden dat 
mensen en varkens dezelfde C. difficile bij zich dragen en uitwisseling tussen mensen en 
varkens plaatsvindt. Daarvoor is het nodig om isolaten van mensen en van de varkens waar 
die mensen mee in aanraking komen te analyseren. Dit onderzoek is uitgevoerd en staat 
beschreven in hoofdstuk 7. 

Ontlastingsmonsters afkomstig van boeren, medewerkers, familieleden en varkens van 
hetzelfde bedrijf werden onderzocht op aanwezigheid van C. difficile. Van de 128 mensen 
waar monsters van onderzocht werden, werkend of levend op 32 varkensbedrijven, werd bij 
24% (13/55) van de boeren en medewerkers, en bij 17% (5/29) van de partners C. difficile 
aangetroffen in de ontlasting. Bij geen van de 44 kinderen van de boeren werd C. difficile 
aangetoond. Alle partners waarbij C. difficile was aangetoond in de ontlasting, kwamen ook 
geregeld in de stallen en hadden daarbij ook contact met varkens. Het percentage mensen 
dat C. difficile bij zich draagt in deze studie is veel hoger dan de percentages (< 5%) die 
tot nu toe bekend zijn voor gezonde volwassenen. Per bedrijf werden verse mestmonsters 
verzameld van de vloeren van 10 verschillende varkensafdelingen. C. difficile was aanwezig 
in varkensmest op alle bedrijven, met een variatie van 10 - 80% van de monsters waaruit C. 
difficile werd gekweekt per bedrijf. Dezelfde ribotypes werden aangetroffen bij mensen en 
varkens van dezelfde bedrijven. Dit was type 078 op 15 bedrijven en op 1 bedrijf werd zowel 
bij de veehouder, als bij de varkens type 045 aangetoond. Type 045 is trouwens evenals type 
078 een toxinogene C. difficile en dus in staat om ziekte te veroorzaken. 

Vervolgens werd verder onderzoek verricht naar de genetische relatie (met behulp van MLVA) 
van alle humane isolaten en per bedrijf waar een mens positief was ook 1 varkensisolaat. 
Van deze isolaten werd ook de overeenkomst qua antibiotica resistentieprofielen bepaald. 
Een hoge genetische verwantschap en vergelijkbare antibiotica resistentieprofielen werden 
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gevonden voor de humane en varkens isolaten, met op 3 bedrijven qua MLVA 100% identieke 
humane en varkens type 078 isolaten. Dit onderzoek geeft aan dat beroepsmatig contact 
met varkens, waarschijnlijk met biggen, een risicofactor is voor kolonisatie met C. difficile. In 
dit onderzoek werden geen aanwijzingen gevonden voor overdracht van C. difficile binnen 
het gezin. 

Conclusie en toekomstperspectief
Uit dit promotieonderzoek blijkt dat er een potentieel risico is voor overdracht van C. difficile 
van varkens naar mensen. 
Van de beschreven 3 mogelijke routes voor transmissie is aangetoond dat route 1 (direct 
contact met varkens) een verhoogd risico geeft op dragerschap van C. difficile. Het 
aantonen van C. difficile in rond de 10% slachtvarkens duidt erop dat contaminatie van 
varkensvlees met sporen van de bacterie mogelijk is, maar aanvullend onderzoek is nodig 
of dit ook werkelijk leidt tot contaminatie van karkassen en dus mogelijkheden voor route 
2 (consumptie van varkensvlees). Of gewassen bemest worden met varkensmest en of dit 
leidt tot contaminatie met C. difficile is niet uitgezocht in dit proefschrift. 
Uit het onderzoek is ook gebleken dat wanneer detectiemethoden gebruikt worden die 
gevoelig genoeg zijn, C. difficile op vrijwel alle varkensbedrijven aanwezig is in de varkens. 
Tevens werd C. difficile aangetoond in luchtmonsters in de varkenstallen en in de buitenlucht 
tot op 20 meter afstand van de varkensstal. Dit geeft aan dat route 3 (indirect contact met 
varkens, dus via lucht of oppervlakte water besmet met C. difficile) mogelijk is, maar ook 
hier is verder onderzoek nodig om te bepalen of een hoge prevalentie van C. difficile binnen 
een varkensbedrijf daadwerkelijk leidt tot contaminatie van de omgeving met C. difficile. 

Om verspreiding van toxinogene C. difficile van varkens naar mensen te voorkomen, of het 
nu gaat om direct contact of via de omgeving of voedsel, is het belangrijk om de efficiëntie 
te onderzoeken van interventiemaatregelen, ter voorkoming van dragerschap van biggen 
met toxinogene C. difficile. 
Nu is het nog niet mogelijk om precies te zeggen hoe groot het risico op overdracht van C. 
difficile is, omdat nog niet bekend is hoeveel C. difficile bacteriën nodig zijn voor infectie 
en ziekte. Omdat een infectie met C. difficile bij biggen dezelfde symptomen geeft als 
bij mensen, zou een diermodel met biggen gebruikt kunnen worden om te bepalen bij 
welke minimale opname van C. difficile ziekteverschijnselen ontstaan en of er C. difficile 
dragerschap van de biggen optreedt. Vervolgens zou ook de efficiëntie van maatregelen ter 
voorkoming van dragerschap kunnen worden bepaald. 
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dankwoord

Het dankwoord schrijf ik terwijl ik in onze camper zit en het buiten heel hard regent. Alef 
is andijviestamppot aan het maken, dit eigenlijk bij hoge uitzondering want meestal eten 
we dingen als mint-zuchini risotto, voorafgegaan door shrimp-bisque met als afsluiter huis 
gemaakte crême-brulée. Aan hem denk ik dus het eerste. Dank dat je altijd zo lekker voor 
mij kookt, mij inspireert, mij vleugels geeft, jij de allerleukste-liefste bent, en wij samen wij 
zijn!

Op pad zijn met de camper doet me denken aan onze vakanties van vroeger. Met z’n vijven 
met één grote tent achterin de auto, trokken we elke zomer vijf weken lang door Europa. 
Van Trondheim tot Palermo, overal scheen de zon en zwommen wij in zeeën en meren, 
wandelden we in de bergen, bekeken we musea, kathedralen, kloosters, tempels en nog 
veel meer. Met Andrea op ontdekkingsreis, met Sonja in sprookjes leven. Met Mama die 
altijd verhalen vertelde en mij overal voor wist te interesseren. Van hoe dalen en bergen 
ontstaan tot het ontstaan van perspectief in schilderijen. 

Over reizen gesproken, dat heb ik met Len Lipman (mijn co-promotor) ook veel gedaan. 
Van mountainbiken over met boomstronken bezaaide bergpaadjes in Slovenië tot fietsen 
met koffers en posterkokers over de Sint Servaas-brug in Maastricht, het was superleuk. En 
bovenal nuttig, want het ging natuurlijk allemaal om de wetenschap. Dank voor je eeuwige 
geduld, de vrijheid en het vertrouwen dat je me gegeven hebt om op de mij zo kenmerkende 
enthousiaste (maar voor andere misschien meer chaotische lijkende) wijze allerlei kanten 
uit te gaan in het onderzoek naar C. difficile.

Andere medereizigers naar congressen en symposia, die een belangrijke rol gespeeld 
hebben in mijn promotie, waren mijn promotor Frans van Knapen en Ed Kuijper (medisch 
microbioloog van het LUMC). Frans, dank dat je mij de kans hebt gegeven om deze promotie 
te doen en Ed, dank voor jouw altijd heel positieve en toch kritische commentaar op mijn 
artikelen. Er zijn nog heel veel andere mensen die op (in)directe wijze hebben bijgedragen 
aan dit proefschrift, dank jullie wel! Een aantal mensen die ik heel graag wil bedanken 
voor hun bijdrage bij het tot stand komen van dit proefschrift volgen in de lijst onder dit 
dankwoord. 

Floris, mijn trouwste supporter tijdens het hele promotie-traject, kon ik natuurlijk niet 
op alle tripjes meenemen. Maar gelukkig waren er altijd mensen die op het blije monster 
wilden passen. Bedankt!
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Eigenlijk was deze hele promotie een reis, met hoge verwachtingen en een plan van te voren, 
maar in het echt verliep het dan toch weer heel anders, met hoogtepunten en tegenslagen 
en met verdwalen, maar dat leidde dan ook juist wel weer tot nieuwe inzichten. Ik prijs 
mezelf gelukkig dat ik deze reis met alle bovengenoemde mensen, en daarnaast nog vele 
andere collega’s, vrienden en familie heb mogen maken. Dank daarvoor en voor al jullie 
hulp! Ik hoop jullie op mijn volgende reizen nog vaak tegen te komen! 

In de wetenschappelijke wereld wordt de laatste plaats in de auteurslijst als belangrijk 
gezien. Dat zet ik ook door in dit dankwoord. Als laatste wil ik mijn vader bedanken. Papa, 
het liefst had ik je dit boekje gegeven. Wat zou je trots geweest zijn, en wat zou je een 
grappen hebben gemaakt over het statige gedoe van zo’n promotie. Dank dat je mij hebt 
gevormd tot de mens die ik ben!
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met je van gedachten te wisselen over de aanpak van het onderzoek. 

Onderzoekstage-studenten:
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en Melle, dank voor jullie inzet en heel veel gezelligheid tijdens jullie onderzoekstages over 
C. difficile.
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Fons van Asten en Naruepol Promkuntod, dank dat jullie hebben geholpen met mijn cellijn. 
Een cellijn vraagt meer aandacht dan een huisdier, kwam ik al heel snel achter, en dank zij 
jullie hebben zowel de cellen als ik het uiteindelijk prima gedaan.

Varkensmonsters:
Leo van Leengoed en Arie van Nes, dank voor het aanleveren van varkensbedrijven waar ik 
monsters mocht nemen of waar studenten monsters gingen nemen.

Bactopath:
Dick Heederik, Wietske Dohmen en Marian Bos, dank dat ik mee kon doen met het Bactopath 
onderzoek, de SAS-data en voor jullie feedback over de artikelen.
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