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Summary

Clostridium difficile is a Gram-positive anaerobic spore-forming rod-shaped bacterium and is an important enteropathogen. It is a bacterium of which some strains can produce toxin A, toxin B and/or binary toxin. The bacterium is becoming more relevant in humans, but also in animals, as outbreaks of severe diarrhea  related to C. difficile occur more and more frequently . The presence of C. difficile was investigated in 82 faecal samples from pups(≤ 1 year)with and without acute diarrhea in the Netherlands. We used  two different selective media, Gram staining and a gluD PCR to detect positive samples. 13,4% (11/82) of the samples were positive for C. difficile of which 12,9% (4/31) were pups without diarrhea symptoms and 13,7% (7/51) were pups with acute diarrhea(< 10 days). 
In a pilot study in 2010, 68 faecal samples of pups from the same project had already been investigated with 20,6% (14/68) positive samples. 30,0% (6/20) of these samples were from pups without diarrhoea and 20,8% (10/48) were from pups with acute diarrhoea. In the second phase of this study we combined the results of these two studies. In total 150 samples were investigated of which 16,7% (25/150) were C. difficile positive. 19,6% (10/51) were pups without diarrhoea symptoms and 17,2% (17/99) were pups with acute diarrhoea. We concluded that there is no association between acute diarrhoea and the presence of C. difficile. Age and antibiotic use were investigated as potential risk factors for C. difficile infection(CDI). Both in the current study (n=82) and in the combined study (n=150) we found no association between the age and C. difficile. For the investigation of antibiotic use as risk factor we divided the antibiotic use in three categories: antibiotic use in total, antibiotic use before sampling and antibiotic use during sampling. 70 of the 82 samples contained information about antibiotic usage. In these samples we found an association between antibiotic use in total and C. difficile and an association between antibiotic use during sampling and C. difficile. There was no association between antibiotic use before sampling and C. difficile. We also used the data of the combined studies. 132 of the 150 samples contained data about antibiotic use and were studied. In all three categories we found an association between the antibiotic use and C. difficile. Use of antibiotics is a risk factor for prevalence of C. difficile in canine faecal samples.
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Introduction

C. difficile
Clostridium difficile is a bacterium that is becoming more relevant  in humans, but also in various animal species.1-3 C. difficile is a Gram-positive anaerobic spore-forming rod-shaped bacterium and is an important enteropathogen.1-14 It causes gastrointestinal disease in both humans and animals. The vegetative cells are responsible for disease in the intestinal tract and they grow actively.  However outside the body they die quickly, because C. difficile is anaerobic and can poorly tolerate other stressors. The spores can survive in the environment for years, because they are highly resistant.2 Therefore the spores are responsible for the survival in the environment and cause most of the faecal-oral transmission of C. difficile.2, 9

History
C. difficile has first been described in 1935, where it was found as part of the intestinal microflora in human neonates.1, 15 However only in 1978 the association between C. difficile as a causative agent was made.5, 9, 15 Although the severe form of C. difficile (pseudomembranous colitis; PMC) was discovered earlier, namely in 1893.1, 15 In humans, the bacterium’s morbidity and mortality increased in recent years.14, 16, 17 Since 2000 there have been more frequent and severe disease cases with large outbreaks in human hospitals in North America, but also in Europe(including the Netherlands).18 This is due to the hypervirulent strain NAP1/BI/027(ribotype 027) of C. difficile.2, 5-7, 14, 16, 19-23 This strain is characterized by its higher morbidity, more complications, higher mortality, a poor response to the treatment metronidazole and has more resistance to (fluoro)quinolones.2, 5-7, 16, 19-23
This strain is more virulent, because of its excessive toxin A and toxin B production.4, 6, 16, 23-25 Further it has an increased sporulation and production of binary toxins.4, 6, 16, 21, 23-25

Pathogenicity and Ribotypes
C. difficile infections (CDI) will occur as a result of intestinal colonization and toxin production by toxigenic strains of C. difficile.2, 3, 8, 11 So the most virulent factor of C. difficile is the production of toxins.2, 3, 9 The two major toxins which can be produced are toxin A (an enterotoxin) and toxin B (a cytotoxin).2-5, 8, 13, 14, 17, 23, 26 These two toxins induce an inflammatory cascade by interleukins and thus are causing pseudomembrane formation in the colon. Toxigenic strains of C. difficile produce toxin A and/or toxin B, they do not necessarily have to produce both.1 The CDT toxin (binary toxin) is produced by some strains, but its significance is still unknown.2-5, 14, 17, 26 However a study described an association between the presence of binary toxin and the severity of the disease in humans.1, 4 The strains of C. difficile that are nontoxigenic are clinically not relevant.2-5, 26 The toxin production depends on the 5 genes which together form the pathogenicity locus and encode for these toxins.1 Each ribotype has a different pathogenicity locus, because in C. difficile the ribotypes are distinguished by the pathogenicity locus. So ribotypes have  differences in the toxins they produce and the amount of toxins they produce. Therefore it is of great importance to know which ribotype causes CDI.1, 13, 15, 27 In a study of Koene et al.26 the different ribotypes in diarrheic humans and animals in the Netherlands was studied. They found the following findings(table 1).26



	
	Nontoxigenic ribotypes
	Toxigenic ribotypes

	Human
	-
	001, 002, 014, 027, 045 and 078

	Pigs
	-
	005, 023 and 078

	Cows
	-
	012 and 033

	Poultry
	010
	003, 014 and 056

	Cats
	009, 010 and 0,39
	014

	Horses
	010, 035, 039 and 051
	005, 006, 012, 014, 023, 042, 045, 078 and 126

	Dogs
	009, 010, 031 and 039
	012, 014, 021 and 107


Table 1. Ribotypes in human and animals in the Netherlands26

The predominant strain of C. difficile in dogs is the nontoxigenic ribotype 010.1 In a study of Schneeberg et al.17 they investigated the different ribotypes of C. difficile in dogs and cats of shelters in Germany. In dogs they found toxigenic ribotypes 014, 020, 045 and 066 and the nontoxigenic ribotype 010. There were 3 dogs with diarrhoea at the time of sampling, but they did not say which ribotypes are isolated from them.17 However toxin production is not the only condition which is needed for  a CDI. Other conditions are faecal-oral transmission and damage of the normal gut flora.1, 8, 9, 15 This is strengthened by the fact that an infection with ‘virulent’ strains of toxin producing C. difficile can be asymptomatic.8

Diagnostic methods
CDI does not have typical clinical signs(ranging from mild diarrhoea to severe pseudomembranous colitis and toxic megacolon) and therefore makes it difficult to distinguish it from other diseases caused by other pathogens.2, 18, 28
It is important to diagnose C. difficile as early and rapid as possible to treat the patient and prevent transmission of C. difficile.18 Research of leucocytes, histopathology and CT scan can be done, but are also not specific for CDI. 9, 29, 30 So it is necessary to find a way to detect C. difficile. The gold standard for detecting C. difficile toxins in faeces is the CTA(Cell culture cytotoxicity assay test), which detects toxin B activity.1, 3, 9, 18, 31 It has a high sensitivity and specificity(respectively 94-100% and 99%), but it is very expensive, takes a lot of time(1-2 days), detects only toxin B and needs experienced people.1, 3, 9, 15, 18, 31 Bacterial culture is a very good way to detect C. difficile.9, 18, 32, 33 It has an excellent negative predictive value.2, 3 A huge disadvantage of this test is that it cannot make a distinction between toxigenic and nontoxigenic strains of C. difficile.9, 18 Therefore a positive result cannot be regarded clinically relevant.2, 3, 18 Combination of the test with a toxicity test improves the sensitivity and specificity(respectively >90% and > 98%), but is rather time consuming.1, 9, 18 There are a few different PCR’s(polymerase chain reaction)developed  to detect C. difficile. A PCR on bacterial genes is both rapid and sensitive.2 The PCR detecting toxin B genes in faeces is quick and has a high sensitivity when combined with an appropriate clinical case definition.1, 3 A PCR that can detect toxin A and/or B has an excellent sensitivity and specificity (respectively 92-97% and 100% compared to CTA), but is not available yet.9 The antigen ELISA(enzyme-linked immunosorbent assay) detects a ‘common antigen’ (glutamate dehydrogenase/GHD) and is a rapid test with a high negative predictive value.2, 3, 9, 15 GHD is highly preserved in the toxigenic and nontoxigenic strains of C. difficile.2, 3 Unfortunately, GHD is not specific for C. difficile, so this test must be combined with another test.15The toxin ELISAs detect toxin A or toxin A and/or toxin B in faeces.1-3, 9 It is a quick, cheap and easy test with a good sensitivity and specificity in human(respectively 88%-97% and up to 100% compared to CTA).1, 3, 9 However in human it has a unacceptably low positive predictive value when the prevalence of C. difficile is relatively low(<10%). Therefore it is recommended to combine with another test like CTA, because this improves the positive predictive value.1-3, 34 However the negative predictive value will still be very poor.3 The latex-agglutination test is a immunoassay which detects a bacterial protein that is present in Clostridium species. This test has a poor sensitivity and specificity(respectively 48-59% and 95-96% compared to CTA. Several immunoassay tests detect toxin A or toxin B in faeces. They have good sensitivity and specificity(respectively 69%-87% and 99%-100% compared to CTA), but poor sensitivity compared to toxigenic culture and PCR-based analysis.31, 35 Immunoassays are quick, easy and cheap, but need experienced people.15, 31, 35
In dogs there is no validated test for diagnosing C. difficile. So till now the diagnostic methods designed for humans are used.1-3, 34 Recently a new PCR(Light-Cycler real-time PCR) is developed for detecting low numbers of C. difficile in faeces. This test needs to be combined with enrichment culture for the best results. This PCR gives better results than the PCR(TaqMan real-time PCR) used before.36 The toxin ELISAs detecting toxin a or toxin A and/or toxin B.1-3, 9 In dogs ELISAs have, in contrast to humans, a moderate to poor sensitivity and specificity(respectively 7-60% and 65-100% compared to CTA).1, 3, 9 This means it has a unacceptably low positive predictive value in dogs.1-3, 34
In the study Bomers et al.18 they investigated a new method of detecting C. difficile in human hospitals. They thought a dog could be trained to recognize C. difficile in stool samples and even in human patients by recognizing its specific odour. C. difficile has a characteristic smell, which is gratefully used in the lab as a recognizing tool. Nursing staff is sometimes able to detect C. difficile in a patient. Bomers et al.18 gave sensitivity and sensitivity of the olfactory detection by nursing staff respectively 55-82% and 77-83% and a dog can smell much better than humans. They investigated the dogs sensitivity and specificity in detecting C. difficile in stool samples and in patients. For detection of C. difficile in stool samples the sensitivity and specificity was 100% for both and respectively 100% and 94% for detection C. difficile in patients. This suggests that diagnosing C. difficile with a dogs is a possible and fast method of detecting C. difficile.18

Prevalence
There is not much information about the prevalence of C. difficile in dogs.2 The prevalence of C. difficile in faeces in dogs and cats lies between 6% and 40% of which 50% is nontoxigenic.13, 37 However these rates say nothing about causing disease. Keel et al. and Cave et al.13, 38 found a prevalence of C. difficile in dogs without diarrhea to be respectively 7% (determined with bacterial culture and toxin ELISA) and 6,7%(determined with bacterial culture).13, 38 This means that C. difficile can be found in faeces,  without any clinical relevance. The prevalence of C. difficile in dogs with diarrhoea is respectively 15%, 21%, 18,8% and 10,2% according to different studies and even 25% in the Netherlands.2, 10, 26, 34, 38 The prevalence of C. difficile in animal shelters for dogs and cats is mostly very low. A study of Schneeberg et al.17 found a prevalence of 5,5% in dogs and 3,7 % in cats with unknown health status both(determined with bacterial culture and toxinotyping, PCR ribotyping and MLVA(Multilocus Variable Number of Tandem Repeat Analysis)). Another study found a prevalence of C. difficile of 0% in dogs with unknown health status from animal shelters(determined with latex agglutination test and toxin PCR).17, 39In racing sled dogs(group included dogs with diarrhoea and without diarrhoea) a prevalence of 45% was found(determined with bacterial culture and toxin ELISA), which is really high compared to other studies.17, 40 However all of these studies have lacked to prove that the diarrhoea seen, was caused by C. difficile. The diarrhoea can be caused by other pathogens which are not tested in these studies. Furthermore, these numbers give no indication of the strain being nontoxigenic or toxigenic, only indicating the presence of  C. difficile. These data suggest that C. difficile is more common in dogs with diarrhoea, but unless a case control study is performed these data must be interpreted with caution. The question still is whether C. difficile is clinically relevant. 


Therapeutic options
Treatment of CDI in human and animals depends on the severity of the infection. When treatment is needed, it starts with supportive therapy just as with other diarrheic diseases.2, 3 Supportive therapy can include oral or systemic rehydration.8, 15 A CDI can be self-limiting and therefore it is difficult to determine the need of specific antimicrobial treatment against CDI.3 Only if there is severe diarrhoea, it is recommended to give antibiotic treatment next to the supportive therapy. For antibiotic therapy of CDI Metronidazole or Vancomycin can be used.1-3, 8, 9, 15, 16 As Vancomycin is reserved for use in human medicine only, in dogs the best option of antimicrobial therapy is Metronidazole (10-15 mg/kg orally every 8-12 hours for 5 days or 15 mg/kg intravenous every 12 hours for 5 days) which is registered in the Netherlands for dogs. Oral intake is preferred, but if this is not an option, intravenous Metronidazole can be used.2, 3, 8, 16 Parenteral antimicrobial therapy is only indicated for CDI when the animal is systemically ill.2 It is less effective than oral therapy, but may have a faster effectiveness.8 Other(symptomatic) options of treatment are intestinal absorbents, probiotics and dietary changes, but these lack efficiency.2, 3 Duration of therapy should depend on clinical response and not on laboratory results. Therefore there is no indication to repeat laboratory testing as a basis of determining duration of therapy.3 Recurrence of C. difficile can occur after successful treatment with antibiotics. Antibiotics do not eliminate the spores of C. difficile and therefore can cause recurrence after the antibiotics are stopped. Antibiotics also can induce expression of C. difficile virulence factors which mostly develop just before stopping the antibiotics. So diarrhoea will recur after stopping the antibiotic treatment. When the original C. difficile strains recover itself or if infection with another strains of C. difficile occurs, than recurrence of clinical signs associated with C. difficile can occur.8 Unfortunately, antibiotic therapy in cases of recurrence do have less response on the treatment.16
Quite recent a new therapy is introduced for humans, donor faecal transplantation/ transfaunation. This implies implantation of normal bacterial flora from a healthy donor to a human patient with C. difficile by a nasogastric tube, gastroscopy, colonoscopy or rectal retention enema.8, 14-16, 23, 41 The goal of this is to generate a colonisation resistance or direct antagonistic activity of the normal microbiome to C. difficile and so breaking the cycle of severe recurrent CDI.14, 16, 23, 41 In the review study Guo et al.14 they found that most human patients(83%) experienced improvement of diarrhoea immediately after the first faecal transplantation treatment, within 24 hours to 7 days, and remained diarrhoea free during the follow-up period.14 Another study reported an efficiency of 87% of the cases of CDI and a fast and long response. There are only minimal side effects, like minimal risk of transmitting pathogens from the donor to the patient.16 This therapy has not yet been tried on dogs.12 It has been used on horses with chronic diarrhoea, but is not validated.42So most likely it will work in animals including dogs too, because it has the same concept on which it is based. Unfortunately there are concerns about pathogen transmission, patient acceptance and the inability to standardize the treatment till now. That’s why an even newer version of this therapy is designed, transplantation of synthetic stool(RePOOPulate product).  In a study of Petrof et al.12 two human patients with recurrent CDI were treated this way, after all other therapies including several antibiotic treatments failed. Both human patients were symptom free after the transplantation of synthetic stool(patient 1 still free at 32 weeks and patient 2 still free at 26 weeks).  However further research is needed with more patients.12

Risk factors
A risk factor for CDI is the use of antibiotics.2, 8 Antibiotics cause disturbance of the normal gut microflora, which enables growth of C. difficile.8, 13, 22, 23 The study Hensgens et al.22 investigated the time interval of antibiotics to be a risk factor for CDI. In humans they found a 7-10 fold increased risk for CDI during antibiotic use and in the first month after ending the antibiotic therapy. Also antibiotic use 1-3 months before the diarrhoea could still be associated with CDI.22 Living with an immunocompromised owner also is a risk factor for C. difficile colonization in dogs, because transmission between dogs and their owner is possible.1-3, 43 In these situations a reverse zoonotic transfer of C. difficile seems possible.  Other risk factors for C. difficile colonization in dogs are contact with children, visiting human hospitals, licking of human patients, accepting treats from human patients and sitting next to the bed of the human patients.1, 2, 44 However colonization of C. difficile doesn’t have to mean that CDI will occur. Other factors like pathogen (strain variation) and host (age, immune status, antibiotic exposure and other illnesses) determine whether colonization will cause CDI or not.2 Therefore dogs can carry C. difficile without someone noticing.

Prevention
Prevention of C. difficile is difficult, because of the highly resistant spores. A preventive method is the restrictive use of antibiotics, because antibiotic usage  can be a risk factor.1, 2, 8, 13, 15 In the veterinary practice it is recommended to clean and disinfect the environment. For disinfection a chlorine-based disinfectant must always be used.1, 15 When contact with C. difficile is likely to occur, washing hands with soap and water is preferred to alcohol-based hand rubs, because spores are resistant against alcohol.1, 8, 15 C. difficile infected animals can be the source for transfer to other animals in the veterinary practice. Therefore quarantine of C. difficile infected animals can prevent infection of other animals.1, 15

Zoonotic aspects
The zoonotic aspects of C. difficile are not fully understood, because there is not much information about the transmission from animals to humans.1-3, 13, 17, 26, 36, 37, 43, 45 In a study of Keessen et al.46 they found that people with direct contact to pigs carried more often C. difficile than the general population.46 However it is thought that it can occur, because the C. difficile strains(ribotype 014 and 045) are found in infected dogs and  in humans with CDI. This means that dogs can be a reservoir of human pathogenic C. difficile regardless of the way these dogs became infected in the first place.1-3, 13, 17, 26, 36, 37, 43, 45 Transmission between animals and humans could occur through direct contact, through the environment or through the consumption of food from animal origin.1, 7, 17 Transmission from humans to dogs also has been suggested. According to a study, dogs visiting a human hospital were colonized with C difficile. Transmission could have taken place by licking of patients, accepting treats from patients, sitting next to the patients and exposure to groups.1, 44 Therefore it appears that interspecies transmission can occur.

Purpose of the study
The aim of this study is to investigate the role of C. difficile in acute diarrhoea in pups. Therefore, the presence of C. difficile in faeces of healthy pups and pups with acute diarrhoea will be investigated. This will give more information about the prevalence and relevance  of C. difficile in pups in the Netherlands.

 The hypothesis which will be proved or rejected will be: ‘Clostridium difficile plays a role in causing acute diarrhoea in pups’.



Training
The study investigating the presence of C. difficile in pups with and without diarrhea has been performed in 2 parts. The first study was performed by Michael Visser, and presented in his research internship in 2010 and completed in 2012. The first study was conducted at the laboratory facilities at the CVI(Central Veterinary Institute) in Lelystad. The second has been performed at Utrecht University.

Material & Methods
As the second study has been performed at Utrecht University, we first had to gain experience in recognizing C. difficile, performing the  culture techniques, adapt the protocol to our lab facilities, etc. 
At first training days at the VMDC(Veterinary Microbiological Diagnostic Centre) were  used to learn culture techniques and how to perform a Gram stain and an introduction to the lab facilities was given. Afterwards we could start with training ourselves in recognizing C. difficile.

Recognizing C. difficile
Before we started the study we trained ourselves in recognizing C. difficile. We plated 4 different positive strains of C. difficile(ribotype 010 and 014 from dogs, collected in the first study, ribotype 078 from a pig and another ribotype 078 from a pig) each on a Blood agar plate(BA, Oxoid PB5039A), on a Clostridium difficile Selective Medium (CDSM, Oxoid PB5054A) and on a Brazier’s Clostridium difficile Selective Medium(Brazier, Oxoid PB5191A). Three of the positive samples(ribotype 010, 014 and 078) were kindly provided by Miriam Koene from the CVI and one of the samples(ribotype 078) was kindly provided by Liny Keessen from the IRAS(Institute for Risk Assessment Sciences). The plates were anaerobic incubated in jars(Mart Microbiology B.V. Anoxomat)at 37 °C for 2 days. The plates were evaluated at day 2.

Recognizing C. difficile in stool samples
After training ourselves in recognizing C. difficile, we trained ourselves in recognizing C. difficile from  faecal samples therefore refining  our techniques of diagnosing C. difficile. We collected 3 faecal samples of pigs at the University Farm “de Tolakker”. Pigs from this farm are likely to be C. difficile positive, because the study of Keessen et al. has shown that 31% of the samples from pigs wards were positive for C. difficile.46(boek Keessen 2012) We used 3 samples of pigs (of different age) with unknown C. difficile status. In a test tube 1 gram of faeces of each sample was diluted in 1 mL Saline and the solutions were homogenized with a vortex mixer. The test tubes appeared too small for practical use and we switched to milk tubes with a larger diameter. A heat shock treatment(Julabo SW 22) at 60 °C for 60 minutes was used to eliminate most of the gut flora. After this heat shock treatment 9 mL enrichment broth was added. This enrichment broth  contained BHI broth(Oxoid CM1135), Clostridium difficile Selective Supplement(Oxoid SR0096) and Sodium Taurocholate Hydrate 97%(Alfa Aesar, A18346) in the following proportion(table 2).

	BHI broth
	0,333 g

	Distilled water
	9 mL

	Clostridium difficile Selective Supplement
	0,036 mL

	Sodium Taurocholate Hydrate 97%
	9 mg

	Total enrichment broth
	9 mL


Table 2. Description C difficile enrichment broth as described in Koene et al.26


The solution was again homogenized and subsequently anaerobic incubated in jars at 37 °C for 7 days. After 7 days the CDSM and Brazier media were inoculated with these samples with a 10 µL öse in a way to obtain well separated colonies. The plates were anaerobic incubated in jars at 37 °C for 7 days. The plates were evaluated at day 1, 2, 3, 6 and 7. When a sample was positive, a Blood agar was inoculated in a way to obtain a pure culture and a Gram stain was made.

Determination of the sensitivity
Gaining experience with the proposed culture method we wanted to know the sensitivity of this method. Also we wanted to gain experience with canine faeces instead of porcine faeces. We spiked canine faeces of a healthy dog with C. difficile. We suspended 1 colony of the C. difficile strain(ribotype 078 from a pig) in 9 mL enrichment broth  and homogenized it with a vortex mixer. We considered this as the starter culture and incubated it anaerobically in jars at 37 °C for 1 day. The next day we made 1:10 dilutions of this starter culture, 100 µL starter culture was diluted in 900 µL PBS(Phosphate Buffered Saline) which was the 10-1 dilution. 100 µL of the 10-1 dilution was diluted in 900 µL PBS which was the 10-2 dilution and untill the 10-9 dilution was reached. Of each dilution 100 µL was spread on two CDSM plates, two Brazier plates and two BA plates. The plates were anaerobic incubated in jars at 37 °C for 2 days. After these two days the plates were counted to establish how much C. difficile was present in the starter culture and in the dilutions. Simultaneously each dilution was used to spike(100 µL) in a canine faeces suspension which contained 1 gram faeces diluted in 1 mL Saline and was homogenized with a vortex mixer. We also included a negative control (1 gram of faeces diluted with 1 mL Saline which has not been spiked) in order to examine whether the dog itself was not carrying C. difficile. The spiked faeces and the negative control were heat shock treated at 60 °C for 60 minutes. 9 mL enrichment broth was added to the solutions and homogenized with a vortex mixer. The solutions were anaerobic incubated in jars at 37 °C for 7 days. After these 7 days the solutions were inoculated on a CDSM plate and a Brazier plate and anaerobic incubated in jars at 37 °C for 7 days. The plates were read daily until day seven.

Growth of C. perfringens on selective media
We wanted to know how specific our media were and whether C. perfringens grew on these media. C. perfringens is also a Gram-positive rod which grows anaerobically. A CDSM plate and a Brazier plate were inoculated with a C. perfringens strain. The plates were anaerobic incubated in jars at 37 °C for 2 days. The plates were read at day one and two.

Optimizing the gluD PCR
We used the protocol of the gluD PCR as described at Koene et al.26  Small changes were made in the protocol, to fit the standard procedures used at KLIF lab. In our study we isolated  DNA by a boiling method(see protocol below) instead of an purification kit(Qiagen, 51104, QIAamp® DNA Blood Mini kit) and therefore this DNA is less pure . We tested the PCR protocol to see if a PCR product could be obtained when less pure DNA was used. We also wanted to know the optimum  amount of  DNA to be used in the PCR. Finally we tested C. perfringens  in the gluD PCR to be an expected negative control.
The C. difficile DNA was isolated by suspending 2-3(low load)  or several(high load) C. difficile colonies in eppendorftubes with 500 µL TE(Tris-EDTA) buffer(Sigma-Aldrich Fluka 93302). A vortex mixer was used to homogenize the suspension and a thermal shaker(Eppendorf Thermomixer Compact) was used to heat this solution for 10 minutes at 99 °C. After cooling the eppendorf tubes were centrifuged (Eppendorf Centrifuge 5424) for 1 minute at maximal speed to swing the cell debris to the bottom of the tube. The supernatant containing DNA was used as a template in the PCR analysis. The eppendorf tubes were stored in the freezer at -20 °C for later use in the PCR analysis.

The  PCR mix was initially made as follows: 
	PCR mix
	1 Reaction

	Hot Start Green Master Mix(incl. loading buffer)
	25    µL

	gluD primer forward
	  0,5 µL

	gluD primer reverse
	  0,5 µL

	Nuclease-Free water
	19    µL

	Isolated DNA
	  5    µL

	Total volume
	50    µL










Table 3. PCR mix gluD PCR

The primers which were used in the PCR mix for the gluD PCR were: 
	Primers gluD PCR
	

	gluD primer forward
	5’-GTC TTG GAT GGT TGA TGA GTA C-3’

	gluD primer reverse
	5’-TTC CTA ATT TAG CAG CAG CTT C-3’


Table 4. Primers gluD PCR

A different brand of master mix, Promega(M5122) instead of Qiagen was used in our PCR Protocol the PCR program was adjusted to this master mix by shortening the first heating step of the protocol. The first step of 12 minutes 94 °C was adjusted to 2 minutes at 94 °C. The following PCR program was used for the gluD PCR(table 5). 

	
	2’
	94 °C

	
	30”
	94 °C

	35X
	30”
	55 °C

	
	30”
	72 °C

	
	10’
	72 °C

	
	Hold
	  4 °C










Table 5. PCR program gluD PCR

The DNA fragment of C. difficile in this PCR was 158 base pairs.
The PCR product was put on gel for gel electrophoresis. The gel was made of 1,5%: 100 mL 1x TAE buffer(Gibco Ultra Putere 10x TAE buffer 15558-042) with 1,5 g agarose MP(Sigma-Aldrich A9539-5006) and 3 µL 10 mg/L Ethidium bromide(Sigma-Aldrich E1510). Per sample 10 µL of the PCR product was put on  gel and per 10 samples a 100 base pairs marker was added. The gel was run for 30 minutes at 100 V. A picture was made with a special gel electrophoresis camera(Bio Rad Molecular Imager Gel Doc XR+ with Image Lab Software). 




[image: ]Results

Recognizing C. difficile
The plates of the 4 positive C. difficile strains were read at day 2. We inspected the morphology(opaque, ruffled, grey/white, flat) and odor(like urine of horses) of the colonies. The Gram stains gave Gram-positive rods and occasionally endospores were seen. 		       						       			   		Figure 1. Gram stain C. difficile(ribotype 078) 							with endospores

Recognizing C. difficile in stool samples
[image: ]The faecal samples of the pigs were read at day 1, 2, 3, 6 and 7. At day one sample 1 and 3 were suspicious. Pure cultures on BA and Gram stains of these two samples were made. The pure cultures were examined the next day and these plates contained suspicious colonies of both samples. The Gram stains of both samples were indicative for C. difficile. At day six and seven we doubted whether sample 2 contained a suspicious colony. To be sure we made pure cultures on BA and Gram stains. Both the pure cultures plates and the Gram stains were not suggestive for C. difficile. So 2 out of the 3 samples contained C. difficile-like colonies.
Table 6. Result Faecal samples pilot study pigs

Determination of the sensitivity
To investigate the  sensitivity of our protocol, we made a dilution serial. The plates of the dilution serial were counted. The counting was done in duplo to give a better  indication of the sensitivity. 


	BA plate
	Number of colonies
	
	CDSM plate
	Number of colonies
	
	Brazier plate
	Number of colonies

	0.1mL 10-0
	ntc
	
	0.1mL 10-0
	ntc
	
	0.1mL 10-0
	ntc

	0.1mL 10-0 d
	ntc
	
	0.1mL 10-0 d
	ntc
	
	0.1mL 10-0 d
	ntc

	0.1mL 10-1
	ntc
	
	0.1mL 10-1
	ntc
	
	0.1mL 10-1
	ntc

	0.1mL 10-1 d
	ntc
	
	0.1mL 10-1 d
	ntc
	
	0.1mL 10-1 d
	ntc

	0.1mL 10-2
	ntc
	
	0.1mL 10-2
	ntc
	
	0.1mL 10-2
	ntc

	0.1mL 10-2 d
	ntc
	
	0.1mL 10-2 d
	ntc
	
	0.1mL 10-2 d
	ntc

	0.1mL 10-3
	104
	
	0.1mL 10-3
	117
	
	0.1mL 10-3
	131

	0.1mL 10-3 d
	88
	
	0.1mL 10-3 d
	127
	
	0.1mL 10-3 d
	125

	0.1mL 10-4
	17
	
	0.1mL 10-4
	7
	
	0.1mL 10-4
	12

	0.1mL 10-4 d
	6
	
	0.1mL 10-4 d
	9
	
	0.1mL 10-4 d
	7

	0.1mL 10-5
	2
	
	0.1mL 10-5
	1
	
	0.1mL 10-5
	0

	0.1mL 10-5 d
	3
	
	0.1mL 10-5 d
	0
	
	0.1mL 10-5 d
	0

	0.1mL 10-6
	1
	
	0.1mL 10-6
	0
	
	0.1mL 10-6
	0

	0.1mL 10-6 d
	1
	
	0.1mL 10-6 d
	0
	
	0.1mL 10-6 d
	0

	0.1mL 10-7
	0
	
	0.1mL 10-7
	0
	
	0.1mL 10-7
	0

	0.1mL 10-7 d
	0
	
	0.1mL 10-7 d
	0
	
	0.1mL 10-7 d
	0

	0.1mL 10-8
	0
	
	0.1mL 10-8
	0
	
	0.1mL 10-8
	0

	0.1mL 10-8 d
	0
	
	0.1mL 10-8 d
	0
	
	0.1mL 10-8 d
	0

	0.1mL 10-9
	0
	
	0.1mL 10-9
	0
	
	0.1mL 10-9
	0

	0.1mL 10-9 d
	0
	
	0.1mL 10-9 d
	0
	
	0.1mL 10-9 d
	0


Table 7. Counting of the dilution serial(ntc = not to count)

We found C. difficile colonies until the 10-6 dilution. Now we were able to calculate the number of bacteria of the starter culture. We took the 10-3 solution to calculate the number of bacteria in the starter culture. The 10-3 dilution contained an average of 122((117+127)/2) bacteria on the CDSM plate and 128((131+125)/2) bacteria on the Brazier plate. The average of bacteria on the 10-3‑ dilution was (122 + 128)/2=125 bacteria.  Therefore the number of bacteria in the starter culture was  125 x 104 = 1,25 x 106 bacteria/mL. As can be seen in the table 7 the BA plate was least selective and the Brazier plate was most selective of the three media.
The plates of the spiked faeces were read at day 1, 2, 3 and 4 in contrast with the 7 days we planned to do. We found out that the longer the plates were read the more  stool flora appeared which made it more difficult to detect C. difficile. The plates were considered  positive when a colony showed characteristic C. difficile-like morphology and typical odor and when the Gram stain showed Gram-positive rods. Plates were positive up to and including 10-5 of the diluted solution. At day 4 plates of dilution 10-6 and 10-9 seemed to be positive, however Gram staining showed a negative result. C. difficile was found  up to and including 0,1 mL of the 10-5 dilution. The 10-5 dilution contained 1,25 x 106 / 105 = 12,5 bacteria/mL. In 1 gram faeces we did 0,1 mL of this, so this contained 1,25 bacteria/gram faeces. This means our test is pretty sensitive, because even with 1,25 bacteria/gram we found C. difficile. Probably this is due the heat shock treatment and the incubation with enrichment broth for 7 days.


	
	 
	 
	 
	 
	 
	 
	 

	CDSM plate
	Day 1
	Day 2
	Day 3
	Day 4
	Day 5
	Day 6
	Day 7

	0,1mL 10-0
	Suspicious
	x
	x
	x
	x
	x
	x

	0,1mL 10-1
	Suspicious
	x
	x
	x
	x
	x
	x

	0,1mL 10-2
	Suspicious
	x
	x
	x
	x
	x
	x

	0,1mL 10-3
	Suspicious
	x
	x
	x
	x
	x
	x

	0,1mL 10-4
	Suspicious
	x
	x
	x
	x
	x
	x

	0,1mL 10-5
	Suspicious
	x
	x
	x
	x
	x
	x

	0,1mL 10-6
	Negative
	Negative
	Negative
	Suspicious
	x
	x
	x

	0,1mL 10-7
	Negative
	Negative
	Negative
	Negative
	x
	x
	x

	0,1mL 10-8
	Negative
	Negative
	Negative
	Negative
	x
	x
	x

	0,1mL 10-9
	Negative
	Negative
	Negative
	Suspicious
	x
	x
	x

	neg. controle
	Negative
	Negative
	Negative 
	Negative
	x
	x
	x

	 
	 
	 
	 
	 
	 
	 
	 

	Brazier plate
	Day 1
	Day 2
	Day 3
	Day 4
	Day 5
	Day 6
	Day 7

	0,1mL 10-0
	Suspicious
	x
	x
	x
	x
	x
	x

	0,1mL 10-1
	Suspicious
	x
	x
	x
	x
	x
	x

	0,1mL 10-2
	Suspicious
	x
	x
	x
	x
	x
	x

	0,1mL 10-3
	Suspicious
	x
	x
	x
	x
	x
	x

	0,1mL 10-4
	Suspicious
	x
	x
	x
	x
	x
	x

	0,1mL 10-5
	Suspicious
	x
	x
	x
	x
	x
	x

	0,1mL 10-6
	Negative
	Negative
	Negative
	Negative
	x
	x
	x

	0,1mL 10-7
	Negative
	Negative
	Negative
	Negative
	x
	x
	x

	0,1mL 10-8
	Negative
	Negative
	Negative
	Negative
	x
	x
	x

	0,1mL 10-9
	Negative
	Negative
	Negative
	Negative
	x
	x
	x

	neg. controle
	Negative
	Negative
	Negative
	Negative
	x
	x
	x


Table 8. Results plates of the spiked faeces

Control growth C. perfringens on selective media
In order to establish the selectivity of our media we investigated whether  C. perfringens grows on the selective media for C. difficile. C perfringens is also a clostridium type spore forming bacterium, which requires growth at the same anaerobe conditions. We inoculated C. perfringens on the CDSM plate and the Brazier plate. On day one there were no colonies, but there was some hemolysis seen on the CDSM plate suggestive for upcoming growth. On day two there were still no colonies on both plates. On day three there was some growth, but the colonies were really tiny. On day six there was growth of C. perfringens, but only on the CDSM plate. The C. perfringens colonies were more gleaming than C. difficile and C. perfringens showed hemolysis. The Gram stain of the C. perfringens colony showed Gram-positive rods. C. perfringens grows on the CDSM plate, but it takes at least 3 days, and the C. perfringens colonies are easily distinguishable from the C. difficile colonies. There was no growth on the Brazier plate, therefore the Brazier plate was more selective than the CDSM plate.



Optimizing the gluD PCR
The gluD PCR was tested to see if we could get it operational at our facilities. At the first run we loaded 6 positive samples(sample 1, 2, 3, 5, 6 and 9) in the PCR, but only 1 sample(sample 9) gave a weak positive band. 

[image: ]
Figure 2. result testing gluD PCR 1 *High load = several colonies and Low load = 2-3 colonies

This showed the PCR was operational, because we had 1 positive sample. A possible explanation for the 5 false negative samples was our DNA isolation method. We used crude DNA in our PCR which is less clean than the pure DNA which the protocol described in Koene et al.26 used. Therefore we decided to double the primer concentration and to use high load DNA(several colonies) of the samples.  The following proportion of the PCR mix was used(table 9).
	PCR mix
	1 Reaction

	Hot Start Green Master Mix(incl. loading buffer)
	25 µL

	gluD primer forward
	  1 µL

	gluD primer reverse
	  1 µL

	Nuclease-Free water
	18 µL

	Isolated DNA
	  5 µL

	Total volume
	50 µL










Table 9. GluD PCR mix optimized protocol 

The rest of the protocol remained unchanged. Performing the PCR again gave the following results(see figure 3). The 6 positive samples were now undoubtedly positive. In the same run we tested C. perfringens. Figure 3 clearly shows two negative lanes in the gel implicating that the gluD PCR was specific for C. difficile. 

[image: ]Figure 3. Result testing gluD PCR *High load = several colonies and Low load = 2-3 colonies

Conclusions of the training
We trained ourselves to recognize C. difficile, to preform culture techniques and to adapt the protocol to our lab facilities. We decided to use milk tubes instead of test tubes, because we concluded that test tubes were not practical in usage. We found that our detection method is quite sensitive, because even with 1,25 bacteria/gram faeces we found C. difficile. Probably due to the heat shock treatment and the incubation with enrichment broth for 7 days. We tested the growth of C. perfringens on the selective media. We concluded that although C. perfringens does grow on the CDSM plate,  it is easily distinguished by its different aspects. As C. perfringens is a slow grower on this plate, it will not have interfered or troubled our study investigating C. difficile. C. pefringens did not grew on the Brazier plate, so the Brazier plate is more selective than the CDSM plate. We also tested the gluD PCR with a different master mix, Promega(M5122) instead of Qiagen. Therefore the first step of the PCR program was adjusted from 12 minutes 94 °C to 2 minutes at 94 °C. We concluded that we needed to double the primer concentration, because we used DNA which was less pure. Furthermore we concluded that it was better to use a high load of DNA(several colonies) instead of a low load of DNA(2-3 colonies).The training was very useful, because we got experience in recognizing C. difficile and a some things needed to be adjusted to our lab facilities.




Study

Material & Methods

Samples
For a research project in search of infectious causes of diarrhea in pups 44 veterinary practices(with the consent of owners) where asked to send faeces of pups between September 2009 and September 2011 in the Netherlands. A case control study was performed with the aim to investigate the prevalence and pathogenicity of several infectious agents. Pups in the case group were defined as: younger than 1 year of age and having diarrhea for less than 10 days. Pups in the control group were defined as: younger than 1 year of age and not having had diarrhea for at least the past three weeks. In total 188 samples were collected of which 99 fitted the case group, 51 fitted the control group and 38 samples were excluded because they did not match the inclusion criteria. After arrival at the VMDC all the samples, to be investigated for presence of C. difficile, were immediately stored in the -20 °C freezer. These samples were also investigated for the presence of intestinal parasites including protozoan infections, C. guttulatus(yeast), CPV(Canine Parvovirus), CCoV(Canine Coronavirus) and other bacteria(Campylobacter spp., Salmonella spp., C. perfringens and hemolytic E. coli). 
This study describes the investigation of fecal samples for the presence of C. difficile.
In a pilot study in 2010 68 samples were earlier tested for presence of C. difficile. The samples were collected between September 2009 and May 2010 and included 48 cases and 20 controls. This pilot study was planned to optimize the techniques used to identify C. difficile. The pilot study was conducted in the CVI in Lelystad. Presence of C. difficile in the faeces was found in both the case and the control group. An interesting diversity in the C. difficile strains was found.
In the present study 82 samples, 51 cases and 31 controls, were subject to investigation for the presence of C. difficile to complete the dataset of samples. The samples used for this second part of the study were collected between May 2010 and August 2011. 

Bacterial culture
Media 
In this study two different selective media were used for the bacterial culture.  The two selective media were the Clostridium difficile Selective Medium(CDSM, Oxoid PB5054A) and the Brazier’s Clostridium difficile Selective Medium (Brazier, Oxoid PB5191A). In the pilot study of 2010 and in our training phase it appeared that the combination of these two media resulted in finding a maximum of positive samples. C. difficile grows faster and with larger colonies on the CDSM medium than on the Brazier medium. On the other hand we found the Brazier medium to be more selective than CDSM medium.  As was also described in the study Koene et al.26
C. difficile is a slow growing organism on the CDSM medium, after 48 hours it grows as grey/white irregular, raised opaque colonies with a diameter of 4-6 mm. When C. difficile grows on the Brazier medium, within 24-48 hours it grows as grey/white, opaque and flat colonies which are round with a rough edge and a diameter of 1,5-3 mm. After 48 hours the colonies on the Brazier medium will transform, obtaining lighter gray or white center.47

[image: ][image: ]
Figure 4. C. difficile on CDSM medium		           Figure 5. C. difficile on Brazier medium

Culture
[image: C:\Users\Caroline\Downloads\IMAG0231.jpg]Of each sample 1 gram of faeces was weighed and diluted in 1 mL of Saline. As some of the pups in this study were toy breeds, not all faecal samples that were sent in for this study had the same/sufficient volumes. Some of the samples contained less than 1 gram of faeces. These samples were marked and a smaller proportion was diluted in 1 mL of saline. The solutions were homogenized with a vortex mixer. A heat shock treatment at 60 °C for 60 minutes was used to eliminate most of the gut flora. C. difficile is resistant to this heat, in contrast to most of the gut flora. After this heat shock 9 mL of enrichment broth(see table 2) was added. This enrichment broth stimulates C. difficile to grow and inhibits the growth of other bacteria(stool flora). The solutions were again homogenized and subsequently anaerobic incubated in jars at 37 °C for 7 days. A device was designed to hold the milk tubes into place, facilitating the incubation into the jars. This device was generously developed and produced by Rob Kauffeld.    					Figure 6. C. difficile in enrichment broth
[image: C:\Users\Caroline\Downloads\IMAG0234.jpg]After 7 days the samples were inoculated on the CDSM and Brazier media with a 10 µL öse in a way to obtain well separated colonies. The plates were incubated in anaerobic jars at 37 °C for 4 days. The plates were read at day 1, 2, 3 and 4. Possible C. difficile colonies were inoculated on Blood Agar plate and a Gram stain was made to confirm the bacteria were Gram-positive rods. These Blood Agar plates were incubated anaerobic at 37 °C for 1-2 days. C. difficile-like colonies, based on morphology and Gram staining, were stored in the freezer(-80 °C) for later use. The colonies were frozen in glycerol cryostats(Tritlum Microbiology B.V.) by solving a few colonies in the glycerol solution with a swab. DNA was isolated, as described in the next chapter, and stored(-20 °C freezer) for later PCR analysis. 		   							 Figure 7. Selective media in anaerobic jar


gluD PCR
DNA isolation
DNA was isolated as described before in the training chapter. We used a high load of DNA (several colonies) as concluded from the training.

PCR
To detect C. difficile a gluD PCR was used, which detects the gluD gen. The gluD gen encodes for glutamate dehydrogenase which is specific for C. difficile.26 The DNA product of a positive gluD PCR consists of 158 base pairs.
During the training we made a few adjustments. For the PCR mix we used the GoTaq Hot Start Green Master Mix(Promega M5122) instead of the Qiagen Master Mix. The PCR mix  was made in the proportions shown in table 9. The primers which were used in the PCR mix for the gluD PCR are shown in table 4. According to the training conclusion they were doubled. The PCR program we used for the gluD PCR is the same program as we use in the training(table 5). The PCR product was put on gel as described in the training chapter of the gluD PCR.

Risk factors
Many studies speak about risk factors for C. difficile infection. During the collection of the samples, the veterinarian and the owner of the patient were both asked to fill in a questionnaire. A broad question set was used, including questions about the use of antibiotics and the age of the patient. At the end of our study the potential associations between antibiotic use and presence of C. difficile and between age and presence of C. difficile were investigated.

Results

Study results
Culture
In total 82 samples were investigated in this follow up study for the presence of C. difficile. The samples were first  inoculated in an enrichment broth for 7 days. Afterwards the samples were inoculated on two selective media, the CDSM plate and the Brazier plate, for 4 days. The plates were considered  positive when a colony showed characteristic C. difficile-like morphology and typical odor. 57,3% (47/82) of the samples were suspected positive on the CDSM plate and/or the Brazier plate. 53,7 (44/82) of the inoculated CDSM plates and 28,0% (23/82) of the inoculated Brazier plates were considered positive. We found  that C. difficile grew faster and with larger colonies on the CDSM medium than on the Brazier medium. On the other hand we found that  Brazier medium to be more selective and  containing less stool flora than CDSM medium. All C. difficile-like colonies from the CDSM plate or Brazier plate were inoculated on a Blood agar(BA) plate to obtain a pure culture and a Gram stain was made. The BA plate was considered  positive when a characteristic colony in pure culture was found and when the Gram stain of this colony showed Gram-positive rods. When a sample showed C. difficile-like colonies on both the CDSM and the Brazier, from both colonies a pure culture on BA was obtained. So it was possible that one sample had more than one (positive) BA plate.
67 colonies, isolated from the CDSM and Brazier, were inoculated on a BA plate and were Gram stained. 64,2% (43/67) BA plates were considered positive. These samples originated from 29 different clinical samples. In total 35,4% (29/82) of the clinical samples were showing a positive culture.

[image: ]
Table 10. Results culture after enrichment

PCR
A gluD PCR was performed on the 43 suspicious colonies of 29 samples. 20 suspicious colonies were gluD positive for C. difficile which originated from 11 samples. Therefore 37,9% (11/29) samples were gluD positive for C. difficile. 36,4% (4/11) of the positive samples were from pups without diarrhoea symptoms and 63,6% (7/11) of the positive samples were from pups with diarrhoea symptoms. One sample(sample 42) was showing a positive PCR-band, but it was positive for another fragment than C. difficile. We considered this sample as C. difficile negative.

[image: ]
Figure 8. Results gluD PCR

[image: ]
Table 11. Diarrhoea status versus result gluD PCR
[image: ]
In total 82 samples of pups were investigated for the presence of C. difficile. 37,8% (31/82) of these samples were from pups without diarrhea symptoms and 62,2% (51/82) were from pups with diarrhea symptoms. In total 13,4% (11/82) of the samples were positive for C. difficile of which 12,9% (4/31) were pups without diarrhea symptoms and 13,7% (7/51) were pups with diarrhea symptoms. 

[image: ]
Table 12. Diarrhoea status versus presence C. difficile
[image: ]
The aim of this study was to investigate an association between diarrhoea and the presence of C. difficile. To investigate this statistically a Pearson’s Chi Quadrate test was used with the consideration that the pups were selected randomly out of the population and that the data can be classified between success and fail compared to the zero hypothesis. The zero hypothesis was: there is no association between diarrhea and having C. difficile. According to the test(Pearson’s Chi Quadrate, P=0,92) the zero hypothesis was not rejected, so there is no association between diarrhea symptoms and having C. difficile.

Risk factors
Use of antibiotics
In this part antibiotic use as a risk factor for C. difficile infection was investigated. From 70 of the 82 samples we investigated, there was information about the antibiotic use available, based on the questionnaires. In total 16 of those 70 samples originated from pups in which antibiotics were used before and/or during the sampling. The period before sampling referred to antibiotic use in the month prior to taking the sample. 

[image: ]
Table 13. Use of antibiotics versus presence of C. difficile

[image: ]
Table 14. Use of antibiotic versus presence of C. difficile

First we investigated the association between the use of antibiotics  in general. No distinction was made between antibiotic use before and during sampling. The H0 was: There is no association between the use of antibiotics and having C. difficile. The H0 was rejected(Pearson’s Chi Quadrate, P= 0,027), so there is an association between the use of antibiotics and having C. difficile. Afterwards we were investigating the association between the use of antibiotics before sampling and the use of antibiotics during sampling. Here a distinction was made between antibiotic use before and during sampling. Animals that have been treated with AB both before and during, were included in this calculation.

[image: ]
Table 15. Use of antibiotics before sampling versus presence of C. difficile

The H0 was: There is no association between the use of antibiotics before sampling and having C. difficile. The H0 was not rejected(Pearson’s Chi Quadrate, P= 0,208), so there is no association between the use of antibiotics before sampling and having C. difficile. Animals that have been treated with AB both before and during, were included in this calculation.

[image: ]
Table 16. Use of antibiotics during sampling versus presence of C. difficile

The H0 was: There is no association between the use of antibiotics during sampling and having C. difficile. The H0 was rejected(Pearson’s Chi Quadrate, P= 0,010), so there is an association between the use of antibiotics during sampling and having C. difficile. Animals that have been treated with AB both before and during, were included in this calculation.




Age
The pups we investigated were all younger than 1 year old. To investigate whether age was a risk factor for C. difficile(as we know to exist in humans) we divided the year in 4 age-
groups. From all the samples(82) there was information about the age based on the questionnaires. 

[image: ]
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Table 17. Age(quarters) versus presence of C. difficile

The H0 was: There is no association between the age and having C. difficile. According to the test(Pearson’s Chi Quadrate, P=0,905) the H0 was not rejected, so there is no association between the age and having C. difficile.



Two studies combined
As we described earlier the study investigating the presence of C. difficile in pups with and without diarrhea has been performed in 2 parts. The first study was performed by Michael Visser, and presented in his research internship in 2010 and completed in 2012. The second part has been described above. 
In this chapter the results of the pilot study from 2010 and this study will be combined. This completes the study and gives us a final insight in the role C. difficile can play in causing diarrhea in pups. In the pilot 68 clinical samples were investigated for the presence of C. difficile and in this study 82 samples were investigated. In total 150 samples were investigated in the complete study.

Culture
In the pilot study 39,7% (27/68) of the samples  were positive on the CDSM plate and/or the Brazier plate, compared to 57,3% (47/82) in this study. In the pilot study 38,2% (26/68) of the inoculated CDSM plates were containing a suspicious colony and 33,8% (23/68) of the inoculated Brazier plates were containing a suspicious colony(table 17). In this study 53,7(44/82) of the inoculated CDSM plates were containing a suspected colony and 28,0% (23/82) of the inoculated Brazier plates were containing a suspected colony(table 10). 

[image: ]
Table 18. Results culture pilot study 2010

These studies combined gave 49,3% (74/150) samples which were positive on the CDSM plate and/or the Brazier plate. Of these 46,7% (70/150) of the inoculated CDSM plates were containing a suspicious colony and 30,7% (46/150) of the inoculated Brazier plates were containing a suspicious colony.

[image: ]
Table 19. Results culture two studies combined

In the pilot study 16 samples were tested with the gluD PCR, which is 23,5% (16/68) of the samples. In our study 29 samples were tested with the gluD PCR, which is 35,4% (29/82) of the samples. In total 45 samples were investigated with the gluD PCR, which is 30,0% (45/150) of the samples. 




PCR
In the first study 16 samples were analyzed and 14 samples were gluD positive. 20,6% (14/68) samples were positive in the gluD PCR and therefore positive for C. difficile. 25,0% (5/20) of these samples were from pups without diarrhoea and 18,8% (9/48) were from pups with diarrhoea. In this study 13,4% (11/82) samples were positive for C. difficile of which 12,9% (4/31) were pups without diarrhea and 13,7% (7/51) were pups with diarrhea. These two studies combined gives 16,7% (25/150) C. difficile positive samples of which 17,6% (9/51) were pups without diarrhoea symptoms and 16,2% (16/99) were pups with diarrhoea symptoms.
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Table 20. Pilot study: Diarrhoea status versus presence C. difficile
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Table 21. Second part study: Diarrhoea status versus presence C. difficile

[image: ]
Table 22.Two studies combined: Diarrhoea status versus presence C. difficile

[image: ]

Again the Pearson’s Chi Quadrate test was used  to investigate an association between diarrhea and having C. difficile. The zero hypothesis was: there is no association between diarrhea symptoms and having C. difficile. According to the test(Pearson’s Chi Quadrate, P=0,82) the zero hypothesis was not rejected, so there is no association between diarrhea and having C. difficile.

Risk factors
Use of antibiotics
In this part antibiotic use as a risk factor for C. difficile infection was investigated with  the complete set of samples. From 132 of the 150 samples we investigated, there was information about the antibiotic use available based on the questionnaires. In total 40 of the 132 samples originated from pups in which antibiotics were used before and/or during the sampling.
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Table 23. Use of antibiotics versus presence of C. difficile
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Table 24. Use of antibiotics versus presence of C. difficile

The H0 was: There is no association between the use of antibiotics and having C. difficile. The H0 was rejected(Pearson’s Chi Quadrate, P>0,001), so there is an association between the use of antibiotics and having C. difficile.

As we did earlier, we divided the animals that were exposed to antibiotics in a group that was exposed before sampling, and a group that was exposed during sampling.
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Table 25. Use of antibiotics before sampling versus presence of C. difficile

The H0 was: There is no association between the use of antibiotics before sampling and having C. difficile. The H0 was rejected(Pearson’s Chi Quadrate, P=0,001), so there is an association between the use of antibiotics before sampling and having C. difficile.

[image: ]
Table 26. Use of antibiotics during sampling versus presence of C. difficile

The H0 was: There is no association between the use of antibiotics during sampling and having C. difficile. The H0 was rejected(Pearson’s Chi Quadrate, P>0,001), so there is an association between the use of antibiotics during sampling and having C. difficile.

Age
The pups we investigated were all younger than 1 year old. To investigate whether age was a risk factor for C. difficile(as we know to exist in humans) we divided the year in 4 age-
groups. From all the samples(150) there was information about the age based on the questionnaires.
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Table 27. Age(quarters) versus presence of C. difficile

The H0 was: There is no association between the age and having C. difficile. According to the test(Pearson’s Chi Quadrate, P=0,301) the H0 was not rejected, so there is no association between Age and having C. difficile.


Discussion/Conclusion

The aim of this study was to investigate the role of C. difficile in acute diarrhoea in pups. Therefore, the presence of C. difficile in faeces of healthy pups and pups with acute diarrhoea in the Netherlands was investigated.
In this study we investigated 82 samples and 68 samples were already investigated in the pilot of 2010. Unfortunately the case control ratio was not 1:1, because we had 51 for the case group and 31 for the control group in our study and in the pilot study of 2010 there were 48 for the case group and 20 for the control group.  So in total 150 samples were investigated of which 99 for the case group and 51 for the control group. However the control group was reasonably large and the ratio is 1:2. In addition, the composition of the groups regarding age and gender was in balance.
As some of the pups in this study were toy breeds, not all faecal samples that were sent in for this study had sufficient volumes. Some of the samples contained less than 1 gram of faeces. These samples were marked  and still diluted in  1 mL of physiological saline. This could be a reason for false negative samples. There were 14 samples with less than 1 gram of faeces. 6 of these samples did not grow on the CDSM plate and Brazier plate. However 3 samples with less than 1 gram of faeces were positive on the BA plate and 1(containing 0,10 gram of faeces) of these 3 samples was positive for C. difficile in the gluD PCR. So even with less than 1 gram of faeces the sample can be positive for C. difficile. In addition, in our training we also found our detection method to be quite sensitive.
All the samples have been used for other test before they were frozen for storage. In addition, the freezer broke down one time, which means that all the samples have been defrosted. So maybe other competitive bacteria have taken their advantage out of this which can give more false negative results.  However C. difficile is a spore forming bacteria which survives really good in bad conditions and we used the heath shock, enrichment broth(with C. difficile Selective Supplement and Taurocholate) and 2 selective media for C. difficile. So we took a lot of measurements to destroy most of the stool flora, to make it possible to grow for C. difficile.
In our study we found more samples positive on the CDSM plate and/or Brazier plate compared to the pilot study, respectively 57,3% and 39,7%. An explanation for this big difference can be that we considered samples positive even when we were not sure whether it was C. difficile. As we did not have a C. difficile expert at our lab, we went on the safe side evaluating the plates. The same was seen for the number of samples which have been tested with the PCR. In our study we tested 35,4% of the samples and in the pilot study 23,5% of the samples were tested. The same explanation can be given for this phenomenon.
The prevalence of C. difficile we found in our study was 13,4% and in the pilot study of 2010 it was 20,6%. In total this gives a prevalence of 16,7% for C. difficile in the Netherlands of which 19,6% were pups without diarrhoea symptoms and 17,2% were pups with diarrhoea symptoms. In the study of Koene et al.26 a prevalence of 25% was found in dogs with diarrhoea symptoms. The lower prevalence in this study can be coincidence, because we almost used the same method to detect C. difficile. It can be due to the defrosting described earlier, but this is not likely. However in Koene et al.26 they investigated samples of dogs of all ages instead of pups(≤ 1 year old), so maybe older dogs have a bigger risk having C. difficile.
In our study we found that antibiotic use can be a risk factor for CDI. We made a distinction between the use of antibiotics during the sampling and (1 month) before the sampling. With the investigation of 68 samples we did not found an association between antibiotic use before sampling and CDI, but with the investigation of 128 samples we did found an association. With both the 64 and the 122 samples we found an association between antibiotic use during sampling and CDI. Our results correspond to the results of the study Hensgens et al.22 conducted with human C. difficile patients. They found a 7-10 fold increased risk for CDI with antibiotic use 1 month before the diarrhoea and during the diarrhoea. We also investigated age as a risk factor, but we did not found an association between age and CDI. This can be due to our investigated age group, because our group existed of pups younger than one year old. If the investigated group consisted of pups and older dogs, maybe an association could be found. In humans babies are more likely to be positive for C. difficile, but are not having clinical signs.
In this study we wanted to prove the following hypothesis:  ‘Clostridium difficile plays a role in causing acute diarrhoea in pups’. According to the results of our study and the results of our study combined with the results of the pilot of 2010 we did not found an association between C. difficile and acute diarrhoea in pups. However we did not investigate the toxigenicity and ribotypes of the C. difficile strains we found. There are a lot of C. difficile strains found in dogs which are nontoxigenic, but some are pathogenic and are therefore more likely to cause disease. In the pilot study of 2010 a variety of  different C. difficile strains were found including 2 toxigenic strains. Those toxigenic strains were equally distributed between the case and control group. So if we know the toxigenicity of the strains we found, this will give us more information about the role of C. difficile in causing diarrhoea. It will also give us information about the zoonotic potential of C. difficile strains we found. However a remarkable discovery was made in this study, we concluded that antibiotic use is a risk factor for detection of C. difficile in dogs, as it is in humans. Use of antibiotics before and during sampling were both discovered to be a risk factor.  
Age on the other hand, was not found to be a risk factor in our investigation, unlike the situation in humans, where babies are recognized as being frequently excreting C. difficile. 
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