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Community Acquired Clostridium difficile Infection CA-CDI is becoming increasingly 

significant. The aim of this study was to determine the distribution and sources of 

Clostridium difficile in different water sources and compare the ribotypes carried by 

animals to those isolated from water.  Clostridium difficile was isolated from 36 (35%) of 

the 102 samples collected from different water sources and from 4 (14%) manure 

samples derived from beef and cattle. Clostridium difficile isolates obtained from 

different water sources and animals were all susceptible to vancomycin and 

metronidazole, with variable susceptibility to clindamycin. Ribotypes 078, F2 and F3 

were the most resistant strains representing 33.3% of the resistant isolates each. In 

addition ribotype 078 was the most intermediate resistant representing 65% of the 

intermediate resistant strains. Collectively, the data would suggest that Clostridium 

difficile recovered in water was likely derived from both animal and human sources.  
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CHAPTER 1 – LITERATURE REVIEW 
1.0 Introduction: 
	  
Clostridium difficile is the most frequent pathogen implicated in nosocomial diarrhea and 

pseudomembranous colitis in hospitals. The most susceptible populations are the elderly, 

particularly those who are being administered antibiotics to treat a primary infection. The 

antibiotic resistance of Clostridium difficile enables the pathogen to outcompete the 

susceptible background microflora thereby become established in the gastro-intestinal 

tract where it produces toxin.  The toxin results in fluid accumulation leading to perfuse 

diarrhea that can be lethal (Norman et al, 2011; Lisa et al, 2009).  Although commonly 

implicated in hospital-acquired infections, there has been an increase in the incidence of 

community-associated Clostridium difficile infection (CA-CDI) (MMWR, 2005).  The 

clinical definition for CA-CDI is described as a person with CDI who has not spent 24 

hours in an in patient healthcare facility for the last 12 weeks before infection (Cohen et 

al, 2010). A study in The Netherlands reported CDI in 37/2423 (1.5%) of patients 

suffering from diarrhea. The study found that 65% of the CDI patients had not been 

exposed to healthcare facilities during the last year before infection, and 42% of the CDI 

patients reported no exposure to antibiotics during the last 6 months before infection 

(Kuijper & Dissel, 2008). Moreover, in 2008, a nested - case control study on adults aged 

more than 65 was done using two linked health databases to determine the rate of CA-

CDI cases that reported no exposure to antibiotics in Quebec. The results indicated that 

442/836 (52.9%) of the cases reported no exposure to antibiotics during the 45 days 

preceeding diagnosis, and 382/836 (45.7%) cases reported no exposure to antibiotics 

during the 90 days preceeding diagnosis (Dial et al, 2008).   
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        It can be inferred from the previous outbreaks and cases that CA-CDI is becoming 

increasingly significant. However, the source of community acquired infections remains 

unclear. Recently, concern has been raised about the potential role of food because of the 

presence of Clostridium difficile in various retail food products (Olsen & Hansen, 2009; 

Bakri et al, 2009; Metcalf et al, 2010) and the similarity in Clostridium difficile strains 

found in food animals, food and people with CA-CDI (Gould & Limbago, 2010; Kuijper 

et al, 2006; Zidaric et al, 2008). Yet, there has been relatively little research focused on 

environmental sources of Clostridium difficile that could potentially contribute to 

community-associated infections.  

 

1.1 Clostridium difficile:  
	  
      Clostridium difficile is a Gram-positive anaerobic bacterium that forms spores, and it 

has been known as one of the main causes of nosocomial and antibiotic associated 

diarrhea. Clostridium difficle was first isolated by Hall and O’Toole in 1935 who 

experienced difficulty on culturing the bacterium hence designated the name from the 

Latin - difficult clostridium (Kelly & Thomas, 2008).   

      Clostridium difficile can be found in the small intestine as a component of the normal 

microbiota of approximately 3% of adults and 66% of young children (New South Wales 

Government, 2011). Clostridium difficile spores are known to have a high level of 

resistance to acids and can pass easily through the stomach (Keri et al, 2011; Poutanen & 

Simor, 2004). As an obligate anaerobe, Clostridium difficile exists as endospores outside 

the host. The spores of Clostridium difficile have moderate resistance to heat and 

chemicals including most sanitizers and hence can persist over extended periods (Weese, 
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2009). In addition, it has been reported that Clostridium difficile spores can survive 

temperature of 71°C for up to 120 minutes (Palacios et al, 2007). In fact, several fatal 

factors such as hydrostatic enzymes that are induced by the bacteria were found to be 

associated with the disease. However, Clostridium difficile toxins, toxin A and toxin B 

are the main and most virulent factors that cause the pathogenicity (Poutanen & Simor, 

2004).  

        Toxin A is an enterotoxin, while toxin B is a cytotoxin (Alonso et al, 2005; 

McFarland & Stamm, 1986). It has been found that toxin A causes primary cellular 

damage and increases fluids in the colon, while toxin B increases cellular damage 

(McFarland & Stamm, 1986). In addition, another toxin that is produced by Clostridium 

difficile has been identified recently. This toxin is called the binary toxin, CDT, and may 

facilitate virulence by enhancing activity of toxins A and B, although the true role of this 

toxin in disease is still unclear (Alonso et al, 2005).   

        Clostridium difficile infection (CDI) varies from mild diarrhea to potentially fatal 

pseudomembranous colitis (Minnesota Evidence-based Practice Center, 2011; Leffler & 

Lamont, 2009). 

 

        It has been found that CDI incidence increases with age. According to a Swedish 

survey of people that had all ages that was completed in 1980-1982, 63% of CDI patients 

were adults who were over the age of 60 (McFarland & Stamm, 1986). In addition, the 

Office for National Statistics in the U.K (ONS) reported that the death rates associated 

with Clostridium difficile were high in people aged 85 years or older during the period 

2005-2009 (ONS, 2009). The excessive use of antibiotics, bowel surgeries, and some 



	   4	  

other aspects that decreases the capability of the immune system to react in an effective 

method explains why older patients are more affected by CDI (McFarland & Stamm, 

1986).  

 

       Both the number of cases and death rates associated with CDI infection is increasing. 

For example, during the period 2005-2006, death rates associated with Clostridium 

difficile rose 72 % (3,757 to 6,480) in the United Kingdom. Similarly, during the period 

2006-2007, the number of death certificates that included Clostridium difficile rose from 

6,480 to 8,324 in the UK (Canadian Union of Public Employees, 2009; ONS, 2009; 

National Statistics, 2006) (Figure 1.1). In addition, in Canada the number of CDI patients 

rose from 3.6 cases per 10,000 to 15.6 per 10,000 during the period 1991-2003. The most 

impressive increase was in adults aged more than 65 as the death rate increased to 900 

per 100,000 persons (Reynolds, 2009). Moreover, a huge rise in CDI, 15 per 10,000, was 

reported in Quebec, where Clostridium difficile killed about 2,000 elderly patients in the 

period 2003-2004 (CUPE, 2009). Furthermore, in the United States, death rates that are 

related to CDI have increased from 5.7 per million people to 23.7 per million people 

during the period 1999-2004 (Redelings et al, 2007) (Fig 1.2).  

Various reasons have been implicated in for the changes in epidemiology of CDI, with 

the emergence of some purportedly hypervirulent strains appearing to play a major role 

(Olsen & Hansen, 2009; Reynolds, 2009). These statistics and outbreaks present the high 

increase in death rates and cases associated with Clostridium difficile.    
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(Figure 1.1: Number of death certificates mentioning Clostridium difficile as the 

main cause of death, 1999-2004) Adapted from (National Statistics, 2006). 

                                                             

 

                                                            

 

 

 

 

 

 

 

 

 (Figure 1.2: Yearly Clostridium difficile related mortality rates per million 

populations, United States, 1999-2004) Adapted from (Redelings et al, 2007)   
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difficile’. Identifying deaths involving C.  difficile  would  therefore  require  
extensive  text  searching  of  very  large  numbers  of  death  certificates.

The ICD-10 codes used to select deaths to search manually are shown 
in Table 1. ONS used ICD-10 coded data from 2001 onwards for this 
report. All deaths registered in 1999 in England and Wales were coded 
to both ICD-9 and ICD-10, to provide comparisons between the two ICD 
revisions.  Deaths  registered  in  1999,  identified  from  their  ICD-10  codes  
as involving C.  difficile, are also included in this report. 

Since 1986 ONS has used the internationally recommended death 
certificate  for  neonatal  deaths.  This  means  that  these  deaths  cannot  be  
assigned an underlying cause of death.14 However, as the data for this 
report were based on all mentions of C.  difficile  or pseudomembranous 
colitis, neonates have been included. Neonatal deaths were extracted in 
the same way as described above for post-neonatal deaths.

Deaths with an underlying cause of death of C.  difficile were 
identified  by  selecting  those  deaths  with  a  mention  of  C.  difficile  or 
pseudomembranous colitis that also had one of the underlying causes of 
death noted in Table 1.

Derivation of place of death categories

The place of death categories used in this analysis have been derived 
from three items of information recorded by ONS (Table 2). First, 
the communal establishment code distinguishes between deaths in 
communal  establishments  (which  are  given  a  code  specific  to  the  
particular institution) and those at home or occurring elsewhere. Second, 
the  establishment  type  code  classifies  communal  establishments  into  
different types (e.g. hospital, hospice, local authority residential home). 
Lastly, the NHS Indicator code shows whether the establishment was 
NHS or non-NHS funded. 

Methods of analysis

This report presents the number of C.  difficile related deaths by sex, age 
and  place  of  death.  Both  age-specific  and  age-standardised  death  rates  
for C.  difficile  are presented in this report. Age-standardised rates are 
explained in Box One.

RESULTS

Number of deaths where Clostridium dif!cile 
contributed to the death or was the underlying cause 
of death

The  number  of  death  certificates  mentioning  C.  difficile increased each 
year in England and Wales between 1999 and 2004 (Table 3). Figure 
1  shows  the  increasing  number  of  death  certificates  where  C.  difficile  
was mentioned since 1999. Mentions of C.  difficile  on  death  certificates  
increased from 975 in 1999 to 2247 in 2004. Overall the number of 
deaths with a mention of C.  difficile  was 2.3 times higher in 2004 than it 
was in 1999. Among deaths with a mention of C.  difficile, the percentage 
for which it was the underlying cause was similar (around 55 per cent) in 
each year (Table 3). 

Mortality rates for all deaths mentioning Clostridium 
dif!cile

Age-standardised rates for deaths involving C.  difficile  in England and 
Wales have more than doubled since 1999, from 11.4 to 23.6 per million 
for males and from 10.7 per million to 23.4 per million for females 
(Table 4). Overall, rates for deaths involving C.  difficile were very 
similar for both males and females in each year (Figure 2).

Most of the deaths involving C.  difficile  occurred among people aged 65 
and  over.  Mortality  rates  in  specific  age  groups  for  England  and  Wales  
are shown in Table 5. Between ages 75 and 84, there were 208.4 and 
214.7 deaths per million population for males and females respectively 
in the period 2001 to 2004. This compares with 0.1 and 0.2 deaths per 
million population, for males and females respectively, in the under 45 
age group (Table 5).

Speci!c codes* Non-speci!c codes*

A04.7  A05.8 (Other speci!ed bacterial food borne intoxications)
(Enterocolitis due to 
Clostridium dif!cile) 
 A41.4 (Septicaemia due to anaerobes (Excludes: gas gangrene))
 A48.0 (Gas gangrene: Clostridial; cellulites, myoncrosis)
 A49.8 (Other bacterial infections of unspeci!ed site)
 P36.5 (Sepsis of newborn due to anaerobes)

* Codes used to identify deaths where C. dif!cile was the underlying cause of death 
(on deaths where C. dif!cile was mentioned): A04.7, A09, A41.4, and A49.8.

Speci!c and non-speci!c ICD-10 codes related 
to Clostridium dif!cile

Table 1
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1.2 Ribotyping:  
	  
The incidence of Clostridium difficile up to the 1980’s was low with only the occasional 

case being reported. However, during the 1980’s the first reports of a hypervirulent strain 

emerged that became endemic in many developed countries by the late 1990’s and 

2000’s.  

        Within the period 2006-2007, large outbreaks associated with Clostridium difficile 

have been reported in France and Denmark (Birgand et al, 2010; Bacci et al, 2009). This 

increase in the outbreaks and the CDI cases is likely related to the emergence of new 

virulent and resistant strains of Clostridium difficile.  

       Ribotype 027 (North American pulsotype 1/NAP1) was the most common 

hypervirulent strain, and it caused a very high rise in nosocomial CDI rates that was five 

times greater than the historical average in 30 hospitals in Quebec in January 2005 

(Kuijper et al b, 2006; McDonald et al, 2005). In the U.K, between October 2003 and 

June 2004, CD027 caused an outbreak that included 174 cases and 19 deaths at the Stoke 

Mandeville Hospital (Kuijper et al, 2006 b). In addition, according to the Centers for 

Disease Control and Prevention, CD027 caused an increased rate of death and illness in 

11 states and posed a growing threat of CDI in US hospitals (Kuijper et al, 2006 C). In 

fact, it has been found that during the early log phase growth, CD027 produces a high 

amount of Toxin A/B compared with other strains of Clostridium difficile that produce a 

lower amount after achieving stationary phase. It is assumed that the higher rates of death 

and outbreaks associated with CD027 are due to the hyper- production of toxin A and B 

(MacCannell et al, 2006; Connor et al, 2009).  
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       Ribotype 078 (NAP7) is another pathogenic strain, and it is frequently found in farm 

animals. It has been found in 83% of 119 swine samples and 94% of 33 calve samples in 

the United States (Rupnik et al, 2008). In addition, in 2008, a Dutch study reported 

presence of a high number of CD078 when testing piglets suffering from diarrhea (Olsen 

& Hansen, 2009).  However, there is a probability of transferring to humans. During the 

last period, an increase from 3% to 13% of CDI cases associated with CD078 has been 

reported in some European countries (Cao et al, 2010). In 2005, 5/67 CDI patients had 

CD078 in a survey that included 17 hospitals in the Netherlands (Goorhuis et al, 2008). 

Moreover, two broad teaching hospitals in northern Italy reported isolation of CD078 

from twenty-six patients (Cao et al, 2010). In addition, an Irish hospital announced an 

outbreak of 15 CDI cases associated with CD078 in 2010 (Burns et al, 2010). Statistics 

from the National Reference Laboratory for Clostridium difficile in France illustrated that 

there was a high increase in CD078 from 3.25% to 11.1% during the period December 

2006- July 2007 in northern France (Rupnik et al, 2008).  

  

       It is believed that the high production of toxin A and toxin B in CD027 and CD078 

acquires these strains the hyper virulence feature (Voth & Ballard, 2005; MacCannell et 

al, 2006). The ability of toxin A and toxin B to bind to specific receptors located on 

intestinal cells, allows these toxins to enter the cell by endocytosis. After entering the 

cell, toxin A and toxin B destroy the cell by changing the physiology of the cell causing 

pseudomembranous colitis, which can lead to death (Voth & Ballard, 2005). This 

explains how these two strains, CD027 and CD078, are hyper virulent.  
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       In fact, ribotype 027 and 078 are the most concerning Clostridium difficile strains 

when it comes to human infection and food animals (Hunter et al, 2010; Dawsen et al, 

2009). Nevertheless, the emergence of other strains of Clostridium difficile such as 

ribotype 001, ribotype 014, and ribotype 017 has been reported (Hunter et al, 2010).  

During the period 1988-2008, clinical isolates of Clostridium difficile have been taken 

from patients in the U.S.A and the U.K. Twenty-six of these clinical isolates were 

investigated and reviewed for the PCR-ribotyping in a 2011study. The study reported that 

3/26 of the isolates were identified as ribotype 176, ribotype 198, and ribotype 244, while 

23/26 were conformed as ribotype 027 (Valiente et al, 2012). These different 

epidemiology changes and the hyper virulence associated with the outbreaks in 

Clostridium difficile illustrate how this pathogen is becoming a threat.   

 

1.3 Sources of Clostridium difficile: 

1.3.1 Hospitals 
	  
        Hospitals are known to be an important source of Clostridium difficile due to the 

high shedding from susceptible hosts (Muto et al, 2005). In fact, infected patients and 

contact surfaces are the main sources of Clostridium difficile in hospitals. It has been 

found that contamination of environmental surfaces, which is due to the resistance of 

spores to cleaning and sanitizers, can play an important role in Clostridium difficile 

transfer. The contamination was found to be high in surroundings of symptomatic 

patients hence readily disseminated for health care workers (Gerding et al, 1995). 

In addition, during the period 2005-2006, the epidemiology of Clostridium difficile has 

been studied in a research in Manitoba, Canada for a period of 1 year. In this research, 
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1006 cases caused by Clostridium difficile were identified during the 1-year period. It 

was found that 51% of the cases were associated and began with health care facilities 

(Lambert et al, 2009). 

        CD 027 is the most common strain found in hospitals. Several outbreaks and cases 

caused by CD 027 have been reported in hospitals in North America and the U.K as 

mentioned earlier in this review. Moreover, in 2008, in Beaumont hospital in Ireland, 97 

stool samples that contained Clostridium difficile were taken from patients inside the 

hospital. CD027 was reported in 42% (41/97) of the samples (Burns et al, 2010).  

However, other strains of Clostridium difficile such as CD078 have been reported in 

hospitals. In the same study at Beaumont hospital in Ireland, CD078 was reported in 15% 

of the samples, and that makes CD078 the second most common strain isolated from 

patients in hospitals (Burns et al, 2010). All these CDI cases associated with hospitals and 

healthcare facilities, illustrate how healthcare facilities are one of the main sources for 

Clostridium difficile. 

 

1.3.2 Food Animals 
	  
       Food animals such as cattle and pigs have been commonly colonized with 

Clostridium difficile, especially, CD 078, in the United States and Europe (Gould & 

Limbago, 2010). It has been found that Clostridium difficile in food animals is frequently 

linked to young individuals, which means that the age must be considered as one of the 

major risk factors when it comes to foodborn disease (Zidaric et al, 2008; Weese, 2009). 

Songer cited several studies that reported isolation of Clostridium difficile from piglets in 

the United States. In one study, 600 piglets suffering from enteritis were tested for 
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Clostridium difficile. Thirty-five percent of piglets were positive for Clostridium difficile. 

In addition, another study reported that Clostridium difficile has been isolated from 48% 

(32 herds) herds of piglets in North Carolina (Olsen & Hansen, 2009) (Table 1.1). 

Furthermore, Weese, 2010, reported in a longitudinal study that 74%  (90/121) of piglets 

at age 2 days were positive for Clostridium difficile, while the percentage decreased to 

56% (66 /117) at 7 days, 40% (45/113) at 30 days, 23% (23/101) by 44 days and 3.7% 

(2/54) at 62 days (Weese et al, 2010) (Table 1.1).  

 

      Studies have reported isolation of Clostridium difficile from cattle and calves too. In 

Canada, 102 dairy farms were investigated for the presence of Clostridium difficile toxins 

A and B via ELISA in a study (Zidaric et al, 2008). Stool samples were collected and 

examined for the presence of Clostridium difficile from 144 calves suffering from 

diarrhea and 134 control calves. Of the fecal samples obtained from the calves with 

diarrhea, 39.6% were positive for the toxins, while 20.9 % of the control calves were 

positive for the toxin as well (Zidaric et al, 2008) (Table 1.1). In addition, calves were 

investigated for the presence of Clostridium difficile in a Slovenian study. Fecal samples 

were obtained from forty-two 12 -year old calves, and tested for prevalence of 

Clostridium difficile. The results reported isolation of Clostridium difficile from 4/42 

(9.5%) of the faecal samples (Avbersek et al, 2009) (Table 1.1). Furthermore, an Austrian 

study reported detection of Clostridium difficile in cows from 65 slaughterhouses. Sixty-

seven fecal samples obtained from cows were tested for Clostridium difficile prevalence. 

The study found that 3/67 (4.5%) of the fecal samples were positive for Clostridium 

difficile (Indra et al, 2009). 
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       Clostridium difficile has been isolated from poultry. In Slovenia, a survey reported 

that 38 out of 61 (63.2%) of the fecal samples obtained from the chicken were positive 

for Clostridium difficile with the highest prevalence in 2-week-old birds representing 

100% and decreased to 40.9% for the samples obtained from 18-week-old birds (Zidaric 

et al, 2008) (Table 1.1). In addition, in Texas, a study reported isolation of Clostridium 

difficile from fecal samples of 42 days old broiler chickens. The study found that 7/300 

(2.3%) of the fecal samples obtained from the chickens, 42 days old, were positive for 

Clostridium difficile (Harvey et al, 2011) (Table 1.1). These studies show how food 

animals can serve as main transmitters of Clostridium difficile. 

 

Table 1.1: Prevalence of Clostridium difficile in food animals. 

Country Food Animal Age Prevalence Reference 

U.S.A Pigs N/A 35% (Olsen& 
Hansen, 2009) 

U.S.A Pigs N/A 48% (Olsen& 
Hansen, 2009) 

Canada Pigs 2 days 
7 days 
30 days 
44 days 
62 days  

74% 
56% 
30 % 
23% 
3.7% 

Weese et al, 
2010 

Slovenia  Cows 12 years old 9.5% (Avbersek et al, 
2009) 

Slovenia Chickens 2 weeks 
18 weeks 

100% 
40.9% 

(Zidaric et al, 
2008) 

U.S.A Chickens 42 days old 2.3% (Harvey et al, 
2011) 

Canada Cows Calves    
with diarrhea  
Control Calves 

39.6% 
 
20.9% 

(Zidaric et al, 
2008) 
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1.3.3 The environment 

  
       The natural environment is one of the possible sources for Clostridium difficile, yet 

few studies have investigated the presence of Clostridium difficile in the environment. 

One of the studies in the U.K reported isolation of Clostridium difficile from rivers, lakes, 

sea, and soil. The study found that the rate of Clostridium diffcile in water was about 

36%, while the rate in soil was about 21.4% (Simango, 2006). Toxin A was found to be 

produced in 90% of the isolates from water and 40.9% of the isolates from soil (Simango, 

2006). In addition, in Zanesville Ohio, during the period 2007-2009, a study investigated 

the presence of Clostridium difficile spores in 246 soil samples collected from two public 

parks and four school playgrounds. The results presented that 16/246 of the samples 

tested positive for Clostridium difficile, and toxin A and B were found in 30% of the 

positive samples (Higazi et al, 2011) (Fig1.3). 

 

 

 

 

 

 

 

 

Figure 1.3: Prevalence of Clostridium difficile and its toxigenic strains in the soil of 

public places in Zanesville Ohio from 2007 to 2009. Adapted from (Higazi et al, 

2011) 
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Moreover, in 2005, in Zimbabwe Africa, a study reported isolation of Clostridium diffcile 

from soil, food animals and water in 146 Slaughterhouse (Simango, 2006). The study 

reported that Clostridium difficile had been isolated from 37% of 146 soil samples and 

6% of 234 water samples. Also, toxigenic strains of Clostridium difficile were detected in 

67% of the soil isolates and 18.2% of the water isolates (Simango, 2006). Isolation of 

toxigenic strains of Clostridium diffcile from soil and water demonstrates how the natural 

environment can be a possible source for Clostridium difficile.   

       

        Another study from Slovenia tested rivers for the presence of Clostridium difficile 

and compared the isolates of Clostridium difficile from rivers with the strains that have 

been isolated from humans and animals in the same country. The study reported that 

Clostridium difficile was isolated from 68% (17/25) of the rivers that were tested, and it 

has been found that 34 different strains of Clostridium difficile were isolated from these 

rivers. The study also pointed out that over 50% of the 34 different strains have been 

found in humans and animals as well (Zidaric et al, 2010), which links the association 

between the environment, humans, and animals.  

 

 Farms have been considered a potential source of Clostridium difficile that transfer this 

pathogen to the natural environment since Clostridium difficile has been detected in food 

animals and their feces as mentioned earlier. As a hardy sporeformer, Clostridium 

difficile spores passed in animal manure could potentially persist for long periods of time 

in the environment and be spread via water (e.g. runoff) or wildlife sources. Yet, the 

prevalence of Clostridium difficile in the environment and the role of agriculture in 
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environmental contamination have not been adequately investigated. 

 

1.3.4 Foods 
	  
       Several studies reported isolation of Clostridium difficile from food products 

including retail meat, vegetables and seafood taken directly from grocery stores. In 2005, 

a Canadian study reported isolation of Clostridium difficile from 20% of retail meat 

products that were sampled (Gould & Limbago, 2010) (Table 1.2). Another study in the 

United States found that 42% of retail beef, pork and turkey samples taken from grocery 

stores in Tucson, Arizona were contaminated with Clostridium difficile and it has been 

found that 73% of the isolates were CD027 (Gould & Limbago, 2010) (Table 1.2).  

Moreover, a Canadian study investigated the presence of Clostridium difficile in ground 

beef and veal chops obtained from 210 grocery stores in 2006. Clostridium difficile was 

isolated from 6.7% (10/149) of the ground beef samples and 4.6% (3/65) of the veal chop 

samples (Olsen & Hansen, 2009) (Table 1.2). Another Canadian study also tested the 

presence of Clostridium difficile in retail ground beef and pork samples taken from 

grocery stores in four Canadian provinces (British Columbia, Saskatchewan, Ontario and 

Quebec). Clostridium difficile was detected in 12% (14/115) of the ground beef samples 

and 12%(14/115) of the ground pork samples as well. Twenty-two of the isolates detected 

were CD078, while two of the isolates were CD027 (Weese et al, 2009) (Table 1.2).  

A Scottish study recovered Clostridium difficile associated with Ready-to-Eat salads at a 

prevalence of 7.5% (3/40) (Bakri et al, 2009) (Table 1.2).  This compares with 4.5% 

(5/111) carriage of vegetables reported in Canada (Metcalf et al, 2010) (Table 1.2).  
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        Studies reported isolation of Clostridium difficile from seafood and vegetables taken 

from grocery stores within Guelph, Ontario, Canada. The study reported contamination of 

4.5% (5/119) of seafood and fish samples with Clostridium difficile (Metcalf et al, 2010) 

(Table 1.2). 

 

      Contamination of food products with Clostridium difficile raises a big question, which 

is, did the food products become contaminated during processing or later after 

processing? This question suggests that further researches should investigate 

slaughterhouses, food processing and food handling to solve the issue and eliminate the 

contamination. 

 

Table 1.2: Prevalence of Clostridium difficile in foods. 

Country Food product Prevalence  Reference 

Canada Retail meat 20% (Gould & Limbago, 
2010) 

U.S.A Retail beef, pork 
and turkey 

42% (Gould & Limbago, 
2010) 

Canada Ground beef  
Veal chops 

6.7% 
4.6% 

(Olsen & Hansen, 
2009) 

Canada Retail ground beef 
Ground pork 

12% 
12% 

(Weese et al, 2009) 

Scotland Ready to eat salad 7.5% (Bakri et al, 2009) 
Canada Vegetables 4.5% (Metcalf et al, 2010) 
Canada Sea food 4.5% (Metcalf et al, 2010) 
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1.3.5 Meat Processing: 
	  
      Slaughter lines might play an important role in Clostridium difficile transmission to 

food. Several studies have reported isolation of Clostridium difficile from animals in 

slaughterhouses at different ages in low numbers (Rodriguez et al, 2012), but more 

commonly and with high numbers at young ages as mentioned earlier in this review. The 

fact that food animals such as calves, pigs, and chickens that are growing up do carry 

Clostridium difficile in low ranges is concerning when it comes to food processing. This 

concern raises a question, which is, does Clostridium difficile or its spores survive to the 

food-processing environment?  Unfortunately, there are few studies that tested the 

presence of Clostridium difficile in slaughter lines, or other food-processing 

environments, which makes the answer for this question of great interest.  

       A recent Canadian study by Hawken (2011) investigated the slaughterhouse lines and 

the processing environment at a small noncommercial slaughterhouse for the presence of 

Clostridium difficile as a part of the study that tested pigs from birth to slaughter for the 

presence of methicillin-resistant Staphylococcus aureus and Clostridium difficile. The 

study tested samples that were taken from the slaughterhouse environment including the 

processing equipment and the holding area. The study reported isolation of Clostridium 

difficile from 3/145 of the samples taken from the slaughterhouse environment (Hawken, 

2011). In fact, this is the only known study that investigated slaughterhouse environment 

lines for the prevalence of this bacterium.  

 

       Weese, (2009) reported in a Canadian study that CD027 was found as the most 

predominant strain representing 43% of the isolates (1.8%) obtained from ground pork 
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and pork chops. This can suggest that there are factors other than feces that contaminate 

meat with Clostridium difficile because the strain that is found in feces of food animals is 

commonly CD078. These factors may include slaughtering and processing environment, 

processing equipment, employees, or other meat handlers (Weese, 2009). In addition, an 

American study in Texas investigated pork taken from sausage manufacturing industries 

for the presence of Clostridium difficile. The study reported isolation of Clostridium 

difficile from 20/243 of the meat samples taken from 3 sausage manufacturing industries 

(Harvey et al, 2011). It can be inferred from this study that the food-processing 

environment in food manufacturing plants might be contributing to the contamination of 

food products with Clostridium difficile. Therefore, further studies are need to investigate 

slaughter lines, food processing environments, and food handling as a source of 

Clostridium difficile, and that is exactly what Weese suggested in his review. 
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1.4 Summary 
	  
        The emergence of new virulent and resistant strains of Clostridium difficile such as 

ribotype 027 and 078 has been observed lately. Outbreaks and death rates associated with 

CDI have increased, in part, due to the emergence of these virulent strains. Evidence that 

suggests that CDI can be acquired by different routes has been proven, but some of these 

routes are unclear yet.  Food animals such as beef, cattle, pigs and chicken have been 

studied as a source of Clostridium difficile. Infected food animals might introduce this 

pathogen to clean food processing areas. However, the lack of data in the food processing 

and food production area has brought up many questions and concerns.  Therefore, Food 

processing industries and slaughterhouses need to be intensively investigated.  The 

environment is also another source for Clostridium difficile that has been studied. It is 

probable that humans and animals are exposed to this pathogen as they are in contact 

with the environment as their daily life. However, there are gaps in some areas in the 

environment such as lakes, rivers, and farms that need to be fully and intensively 

investigated. To say whether Clostridium difficile is a foodborne pathogen or not, 

slaughter lines, food processing areas, food production industries, and food handling need 

to be researched and investigated. Then if it appears to be a foodborne pathogen, 

prevention   actions must be applied to prevent this food borne pathogen before causing 

outbreaks.  
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1.5 Research Hypothesis and Objectives 
 

It is established that community associated Clostridium difficile is increasing and that 

ribotype 078 is frequently implicated which differs from 027 that is commonly linked to 

healthcare settings. The sources of community associated Clostridium difficile remain 

unclear, although animals, food and the environment must be considered. With respect to 

the latter, the hypothesis of the research is :- 

“Clostridium difficile is encountered in humans and animals with the potential of being 

disseminated to the population through water sources” 

 

The main objectives of this research are as follows: 

1- To determine the prevalence and types of Clostridium difficile in different water 

sources including municipal water supply intake pipe and effluent outlet from the 

sewage treatment works located in Waterloo, recreational beaches and 

watercourses, a public swimming pool and municipal water from domestic 

housing.  

2- To determine the prevalence of Clostridium difficile colonization of different 

animal species and compare the types to those found in humans and water. 

3- Determine the antibiotic resistance of Clostridium difficile isolates recovered from 

environmental and animal sources.  
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CHAPTER 2 - Materials and Methods: 
	  
Water samples were taken from different water sources and sites within Guelph area and 

its surroundings in southern Ontario, Canada. The sampling sites included the municipal 

water supply intake pipe and effluent outlet from the sewage treatment works located in 

Waterloo. Recreational beaches and watercourses were also sampled as part of the study 

(specifically, Shade’s Mills Beach, Elora Conservative Area Beach, and Laurel Creek 

Park (Figure 2.1).  A public swimming pool and municipal water from domestic housing 

were also sampled. 

Manure samples were taken from cattle, beef and poultry with a total of 15 farms visited 

over the course of the study. Fecal samples from wild geese were also sampled from the 

Riverside Park in Guelph, Ontario.  

 

(Figure 2.1: Relation between water sampling sites, recreational beaches, municipal 

water supply intake pipe and effluent outlet from the sewage treatment works and 

their geographic locations. 1- Elora Conservative Area Beach. 2- Waterloo Waste 

Water Treatment. 3- Laurel Creek Conservation Area. 4- Kitchener Drinking 

Water intake. 5- Shade’s Mills Beach). 
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2.0 Sampling procedure 
	  
The water samples from the beaches and lakes were taken during 4 sampling visits. In the 

first visit, July 2011, four 1-L samples of water were taken from each site including, 

Shade’s Mills Beach, Kitchener Drinking water Intake, and Waterloo Waste Water 

Treatment. In the second sampling visit, September 2011, five 1-L samples were taken 

from each site including Shade’s Mills Beach, Kitchener Drinking Water Intake, 

Waterloo Waste Water Treatment, Elora Conservative Area Beach, and Laurel Creek 

Park Beach. Five 1-L samples were taken from each site in the third sampling, October 

2011, including Kitchener Drinking Water Intake, Waterloo Waste Water Treatment, and 

Laurel Creek Park Beach. In the fourth and final sampling, November 2011, five1-L 

samples were taken from Kitchener Drinking Water Intake and Waterloo Waste Water 

Treatment. Sediment was collected from the bottom of the lake for most of the water 

samples.  

        In December 2011, twenty 500-ml samples were taken from a public swimming 

pool located in Guelph. In addition, twenty 500-ml samples were taken from a single 

house tap water located in Guelph in January 2012. All water samples were taken in 

sterilized bottles.  

      During the period March-May 2012, twenty-eight 500-ml manure samples were taken 

from 15 different farms including cattle (n=953), beef (n=490), and poultry (n=84850), 

located in the southwestern Ontario (Table 2.1). The manure samples were taken in 3 

different visits according to the type of the farm. During the first visit, fourteen 500-ml 

manure samples were taken from 5 different diary farms. One of the diary farms 

contained 129 cows, 104 heifers, and 26 calves (Table 2.1). Another diary farm had 46 
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cows, 38 heifers, and 10 calves. A third diary farm contained 120 cows, 96 heifers, and 

24 calves. The fourth diary farm had 30 cows, 24 heifers, and 6 calves. The last diary 

farm contained 150 cows, 120 heifers, and 30 calves (Table 2.1).  In the second visit, nine 

500-ml manure samples were taken from 5 different beef farms. One of the beef farms 

had 240 beef (Table 2.1).  Another beef farm had 150 beef. A third beef farm had 40-50 

beef. The fourth beef farm had 50 beef.  During the third and final visit, five 500-ml 

manure samples were taken from 5 different poultry farms. One of the poultry farms had 

1600 poultry (Table 2.1). Another poultry farm contained of 21500 poultry. A third 

poultry farm had 61750 poultry. All manure samples varied from liquid to solid, and they 

were taken by using the same procedure. The procedure was to find a manure pile and 

form a composite sample by digging around in the pile. Then taking 500-ml of the 

composite sample in to a sterilized 500-ml bottle.  

 

        In Jun 2012, swabs were collected from fecal samples from 10 wild geese in a public 

park (Riverside Park) in Guelph, Ontario. Geese were observed and swabs were collected 

from feces that geese were observed to pass. The fecal swabs then were placed inside 

sterilized tubes.  
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Table 2.1: Types of visited farms and the number of animals 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
	  
	  
	  
	  

Type of Farm              Number of animals 

        DIARY 

            1 

            2 

            3 

            4 

            5 

 

129 cows, 104 heifers, and 26 calves 

46 cows, 38 heifers, and 10 calves 

120 cows, 96 heifers, and 24 calves 

30 cows, 24 heifers, and 6 calves 

150 cows, 120 heifers, and 30 calves 

         BEEF 

             1 

             2 

             3 

             4 

 

240 beef 

150 beef 

40-50 beef 

50 beef 

      POULTRY 

             1 

             2 

             3 

 

1600 poultry 

21500 poultry 

61750 poultry 
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2.1 Clostridium difficile culturing methods 
	  
 Clostridium difficile was cultured by enrichment culturing for all the samples. 

Approximately 2g of the sediment from the water samples obtained from rivers and lakes 

was enriched in 9ml of Clostridium difficile Moxalactam Norfloxacin (CDMN) broth 

with 0.1% sodium taurocholate and incubated for 5-7 days at 37°C in anaerobic chamber. 

For the water samples that had little amount of sediment or mixed sediment that cannot 

be separated from the water, approximately 2ml of the mixture, water and sediment, was 

enriched in 9ml of CDMN broth and incubated at the same conditions. Also, 200 ml of 

water samples was filtered for water samples that did not have any amount of sediment 

including swimming pool water samples, tap water samples, and some rivers and lake 

samples by using a water filtering system that had a 0.45mm filter. The filters then were 

enriched in about 30ml of CDMN broth and incubated as described above. For the 

manure samples, ~1g of solid manure or ~ 2ml of the liquid manure were enriched in 9ml 

CDMN broth, and incubated as above. For all samples, after incubation, 2ml of the broth 

was added to an equal amount of anhydrous ethanol, incubated in room temperature for 

1h and then centrifuged at 4,000 rpm for 10 min. The pellet was streaked on CDMN agar 

and incubated for 48 h in anaerobic chamber at 37°C.  After incubation, the plates were 

checked for Clostridium difficile colonies by morphology and odor, which is usually 

white and round with a distinctive smell similar to horse manure.  Colonies that had the 

same characteristics as Clostridium difficile colonies were subcultured on Columbia 

blood agar plates and incubated for 48h in anaerobic chamber at 37°C. After 48h, 

colonies were examined for L-proline aminopeptidase production (PRO DISC, Key 
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Scientific products Inc, Stamford, Texas). Isolates were stored on cryopreservation beads 

at -80 °C.  

2.2 Ribotyping and Toxin typing 
	  
Clostridium difficile isolates were subcultured on blood agar plates and incubated for 24h 

at 37°C in ananerobic chamber. DNA extraction was preformed using a commercial 

assay (InstaGene Matrix, Bio-Rad, Richmond, CA). A loop-full of isolated colonies from 

the blood agar plates was suspended in1ml (1000µl) of sterilized autoclaved water in 

micro tubes for DNA extraction. The micro tube was centrifuged at 1000-12000 rpm for 

1 min and then the supernatant was discarded. After that 200µl of Insta Gene Matrix was 

added to the pellet and incubated in water bath at 56°C for 30 min. After 30 min, the 

micro tube was placed in a 100°C heat block for 8 min, and then centrifuged at 10000-

12000 rpm for 2 min. After that 200µl of the supernatant, the DNA, was stored at -20°C 

for PCR. Clostridium difficile isolates were typed using the Bidet method described by 

Bidet et al. (1999). Two primers were used for PCR sequencing: the 16S (5’- 

CTGGGGTGAAGT CGTAACAAGG-3’) primer and 23S (5’-

GGTACCTTAGATGTTTCAGTTC-3’) primer. Amplification reactions were preformed 

using an amount of 20µl of a master mix consisting of 2G KAPA fast taq 12.5µl, 23S 

primer 1.25µl, and 16S primer 1.25µl, and then 5µl of the DNA extract was added. 

Amplification reactions were preformed in a thermocycler, an Eppendorf Mastercycler 

that contained 1cycle of 6 min at 94°C for denaturation, followed by 35 cycles (1 min at 

94°C, 1 min at 56°C, and 1 min at 72°C) and a final extension of 7 min at 72°C. PCR 

amplification products were separated by gel electrophoresis using 1.5% agarose 1000 
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gel for 2 hr at 150V, and EZ-Vision Loading dye was used to visualize the bands. Finally, 

Gene Snap Software was used to examine and determine the images. Ribotypes were 

appraised visually and compared with an internal data of ribotypes. For the strains that 

are known to be international recognized strains according to previous ribotyping from 

references, numerical designation (e.g. 078) was used.   

       Isolates were screened for genes encoding toxins A and B (tcdA and tcdB, 

respectively) together were detected as per Kato et al (1998). Four primers were used for 

PCR sequencing NK104 (5’-GTGTAGCAATGAAAGTCCAAGTTTACGC-3’) primer, 

NK105 (5’-CACTTAGCTCTTTGATTGCTGCACCT-3’) primer, NK2 (5 ′ -

CCCAATAGAAGATTCAATATTAAGCTT-3) primer, and NK3 (5’-

GGAAGAAAAGAACTTCTGGCTCACTCAGGT-3) primer. Amplification reactions 

were preformed using an amount of 28µl of a master mix consisting of 2G KAPA fast taq 

15µl, NK2 primer, NK3 primer, NK104 primer, and NK105 primer 0.5µl each, and then 

2µl of the DNA extract was added. Amplification reactions were preformed in a 

thermocycler, an Eppendorf Mastercycler that contained 1 cycle of 5 min at 95°C, 

followed by 35 cycles of (20 sec at 95°C, and 2 min at 62°C) and a final extension of 5 

min at 72°C. PCR amplification products were separated by gel electrophoresis using 

1.5% agarose gel for 1 hr at 150V, and EZ-Vision Loading dye was used to visualize the 

bands. Finally, Gene Snap Software was used to examine and determine the images.  

        Toxin A was detected alone by using the method described by Kato et al (1998). 

Amplification was preformed using an amount of 28µl of a master mix consisting of 2G 

KAPA fast taq 15µl, NK9 (5′-CCACCAGCTGCAGCCATA-3′) primer, and NK11 (5′-



	   27	  

TGATGCTAATAATGAATCTAAAATGGTAAC-3′) primer 1µl each, and then 2µl of 

the DNA extract was added. Amplification was preformed in a thermocycler, an 

Eppendorf Mastercycler that contained 1 cycle of 5 min at 95°C, followed by 35 cycles 

of (20s at 95°C, and 2 min at 62°C) and 5 min at 72°C as a final extension. PCR 

amplification products were separated by gel electrophoresis using 1.5% agarose gel, and 

EZ-Vision Loading dye was used to visualize the bands. Finally, Gene Snap Software 

was used to examine and determine the images.  

        Detection of binary toxin (CDT) cdt B was preformed using the method described 

by Stubbs (2000). Two primers were used for PCR sequencing tcd C1 (5’ TTA ATT 

AAT TTT CTC TAC AGC TAT CC 3’) primer and tcd C2 (5’ TCT AAT AAA AGG 

GAG ATT GTA TTA TG 3’) primer. Amplification was preformed using 23µl of a 

master mix consisting of 2G KAPA fast taq 12.5µl, MgCl2 1.5µl, tcd C1 primer, and tcd 

C2 primer 0.25µl both/each, and then 2µl of the DNA extract was added. Amplification 

was preformed in a thermocycler, an Eppendorf Mastercycler that contained 1 cycle for 5 

min at 95°C for denaturation, 30 cycles of (45s at 94°C, 1min at 52°C, and 1min at 

72°C), and then 10 min at 72°C as a final extension. PCR amplification products were 

separated by gel electrophoresis using 1.5% agarose gel, and EZ-Vision Loading dye was 

used to visualize the bands. Finally, Gene Snap Software was used to examine and 

determine the images.  
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2.3 Toxinotyping 
	  
 Clostridium difficile isolates were typed using another typing method called 

toxinotyping. A representative for each ribotype was Toxinotyped using the method 

described by Rupnik et al, (1998) for toxinotyping. The PCR was preformed in two-step 

PCR programs. In the first step, two primers were used for sequencing for toxin A A3C 

(5’-TATTGATAGCACCTGATTTATATACAAG-3’) and A4N (5’-

TTATCAAACATATATTTTAGCCATATATC-3’).  Amplification was preformed using 

22µl of a master mix consisting of 2G KAPA fast taq 12.5µl, Mgcl2  0.5µl, primers 

1.25µl, and TMA 2.5µl, and then 3µl of the DNA extract was added. Amplification 

reactions were preformed in a thermocycler, an Eppendorf Mastercycler that contained 1 

cycle of 3 min at 93°C for denaturation, 35 cycles of (8 min at 47°C and 3 sec at 93°C), 

and then 10 min at 47°C to end the amplification process.  In the second step, two 

primers were used for sequencing for toxin B B1C (5’- 

AGAAAATTTTATGAGTTTAGTTAATAGAAA-3’) and B2N (5’- 

CAGATAATGTAGGAAGTAAGTCTATAG-3’). Amplification was preformed using 

27 µl of a master mix consisting of 2G KAPA fast taq 15µl, Mgcl2 0.5µl, primers 1.5µl, 

and TMA 2.5µl, and then 3µl of the DNA extract was added. Amplification was 

preformed using a thermocycler, an Eppendorf Mastercycler that contained 1 cycle of 3 

min at 93°C for denaturation, followed by 30 cycles of (8 min at 47°C and 3 sec at      

93°C), and then 10 min at 47°C to end the amplification process. Amplification products 

were then applied to restriction enzyme digestion and separated by gel electrophoresis 

using 1.5% agarose gel, and EZ-Vision Loading dye was used to visualize the bands. 

Finally, Gene Snap Software was used to examine and determine the images.  
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2.4 Antimicrobial susceptibility 

	  
Antimicrobial susceptibility was assessed using disc diffusion. After 24 hours, fresh 

colonies on blood agar were used to make a suspension via using a McFarland Turbidity 

Standard that has a value of (3 X 108 CFU/ ml), the suspension was preformed in 9 ml 

Phosphate Buffer Saline (PBS) and then measured on a nephelometer, wish is an 

instrument for measuring suspensions. After that the suspension was spread on Muller –

Hinton agar plates by using a swab. The suspension was spread on the plates in 2 times. 

In each time, the swab was placed in the suspension and streaked on the plates in 3 

different directions to insure that the plate is well covered. The plates were left for 1-2 

minutes to dry and then 3 antibiotic discs were placed in the plates. These antibiotics 

included vancomycin, metronidazole and clindamycin. Concentrations of these 

antibiotics were as follows vancomycin 5µg, metronidazole 5µg, and clindamycin 2µg.  

The plates were then incubated in an aerobic chamber at 37°C for 48 hours and checked 

at 24 hours and 48 hours to take the measurements. The break points for the antimicrobial 

test were as follows < 3mm sensitive, 3-11 mm intermediate and >11 cm resistant 

(Oxoid).   
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2.5 Study design 
	  
Water samples were taken from locations within Guelph area and surrounding area. The 

beaches and lake sites were part of a sentinel study currently being performed by the 

Ontario Ministry of the Environment. The water samples from the beaches and lakes 

were taken during 4 sampling visits. These sampling visits took place during the period 

July 2011- November 2011. In the first visit, July 2011, four 1-L samples of water were 

taken from each site including 3 sites Shade’s Mills Beach, Kitchener Drinking water 

intake, and Waterloo Waste Water Treatment. In the second sampling visit, September 

2011, 2 more sites were added to the previous sites, and five 1-L samples were taken 

from each site including Shade’s Mills Beach, Kitchener Drinking Water Intake, 

Waterloo Waste Water Treatment, Elora Conservative Area Beach, and Laurel Creek 

Park Beach. In the third sampling, October 2011, most of the beaches were closed for the 

winter season, so five 1-L samples were taken from each site of 3 sites including 

Kitchener Drinking Water Intake, Waterloo Waste Water Treatment, and Laurel Creek 

Park Beach. In the fourth and final visit, November 2011, five1-L samples were taken 

from Kitchener Drinking Water Intake and Waterloo Waste Water Treatment.  

                In December 2011, twenty 500-ml samples were taken from a local public 

swimming pool located in Guelph to make sure that swimming pool water is not a source 

for Clostridium difficile.  In addition, in January 2012, we tested another water source, 

which is the municipal water from domestic housing, so twenty 500-ml samples were 

taken from a house tap water located in Guelph.  
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        During the period March-May 2012, manure samples were taken from cattle, beef 

and poultry with a total of 15 farms visited over the course of the study as Animals are 

part of the environment. Twenty-eight 500-ml manure samples have been taken from 15 

different farms including cattle, beef, and poultry, and these farms are located in the 

southwestern Ontario region. The manure samples were taken in 3 different visits 

according to the type of the farm. During the first visit, fourteen 500-ml manure samples 

were taken from 5 different diary farms. In the second visit, nine 500-ml manure samples 

were taken from 5 different beef farms, and during the third and final visit, five 500-ml 

manure samples were taken from 5 different poultry farms.  

 

                In Jun 2012, 10 fecal swabs were taken from wild geese in a public park 

located in Guelph, Ontario, which is the Riverside Park. Wild geese were tested because 

they were suspected to be the source of Clostridium difficile that contaminate beaches.  
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CHAPTER 3 - Results 
	  
The main objective of the study was to establish the incidence of Clostridium difficile in 

water courses within Ontario and attempt to trace the sources of the pathogen within the 

geographical area. Baseline studies perform sampling of water at sentinel sites used in an 

on-going study by the Ministry of the Environment and Public Health Agency of Canada. 

Subsequent trials determined the prevalence and types of Clostridium difficile 

encountered in food animals along with the incidence in municipal water supplies.    

3.0 Incidence of Clostridium difficile in water courses  

Clostridium difficile was isolated from 36 of the 102 samples collected from different 

water sources including the municipal water supply intake pipe and effluent outlet from 

the sewage treatment works located in Waterloo, recreational beaches and watercourses 

(Shade’s Mills Beach, Elora Conservative Area Beach, Laurel Creek Park), a public 

Swimming Pool and municipal water from domestic housing (Table 3.1); (Figures 

3.1,3.2,3.3,3.4,3.5). Toxin A and B were detected using the Kato method described by 

Kato et al (1998), and the B bands were detected at 204bp, While the A bands were 

detected at 252 bp. The amplification products were separated by gel electrophoresis 

using agarose gel (Figure 3.6). Detection of binary toxin (CDT) was preformed using the 

method described by Stubbs (2000), and the bands were detected at 510bp. The 

amplification products were separated by gel electrophoresis using agarose gel (Figure 

3.7). Moreover, Clostridium difficile isolates were ribotyped using the Bidet method 

described by Bidet et al. (1999), and separated by gel electrophoresis using agarose gel 

1000 (Figure 3.8). In addition, toxinotyping was preformed using the method described 
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by Rupnik et al, (1998) for toxinotyping, and separated by gel electrophoresis using 

agarose gel (Figure 3.9). Five out of nine of the samples taken from Shade’s Mills Beach 

were ribotype 078 belonging to toxinotype V.  Ribotype 078 was also isolated from 14/27 

(51.8%) of the positive samples from the municipal water supply intake pipe and effluent 

outlet from sewage treatment (Table 3.1). The remaining positive samples were isolated 

from the municipal water supply intake pipe and effluent outlet from sewage treatment 

facility. Although the strains harbored the complement of toxins required for virulence 

none of the ribotype patterns matched those within the database, hence designated F1, F2 

and F3. The unknown ribotypes F1 and F2 were toxigenic and belonged to toxinotype 0, 

while the unknown ribotype F3 was non toxigenic. In addition, isolates identified as 

ribotype O, toxinotype 0, were also found in 3 positive samples taken from the municipal 

water supply intake pipe (Table 3.1). The samples collected from Laurel Creek Park 

beach and the samples collected from the swimming pool were negative for Clostridium 

difficile. Ribotype 078 was found in one sample (1/5) taken from Elora Conservative area 

beach as well as an unknown, toxigenic ribotype designated as F4 (1/5). Ribotype 078 

was isolated from two municipal water samples from domestic housing (2/20). All 

positive samples from the different municipal water sources were toxigenic except the 

unknown ribotype F3, which was non-toxigenic.  
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3.1 Clostridium difficile associated with manure derived from different 
animals 
	  
       Clostridium difficile was isolated from 4 manure samples derived from steers (2/9) 

that are from the same farm and diary (2/14) cattle from 2 different farms. Detection of 

toxin A and B, binary toxin, and ribotyping were preformed by using the same methods 

used in water isolates that were mentioned earlier in this research (Figure 3.10).  The 

ribotypes recovered from the cattle manure samples did not match those profiles within 

the database. The Clostridium difficile populations were composed of both toxigenic and 

non-toxigenic strains. Ribotypes F6 and F7 both non toxigenic, were recovered from 

manure samples taken from beef at the same farm, while the unknown ribotype F5, both 

toxigenic, were found in the manure samples taken from diary from different farms 

(Table 3.2). The manure samples taken from poultry and the wild geese were negative for 

Clostridium difficile.  

	  
	  

3.2 Antimicrobial susceptibility 
	  
All isolates were susceptible to vancomycine and metronedazole. However, susceptibility 

to clindamycin varied (Table 3.3). Figure 3.11. The isolates obtained from Kitchener 

Drinking Water Intake exhibited a range of resistances to Clindamycin. Six of the 

isolates, 2 of the 078 isolates, one of the O isolates, and 3 of the F1 isolates, displayed 

intermediate resistant to clindamycin and ten isolates, the 078s isolates, the O isolates, 

and the F1 isolates, were sensitive (Table 3.3).  For the isolates from Waterloo Waste 

Water Treatment Area, 6 of the isolates, most of the 078 isolates and one of the O 

isolates, displayed intermediate resistant to clindamycin, 3 isolates, one of the 078 
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isolates, one of the F2 isolates and one of the F3 isolates, were resistant, and 2 isolates, 

one of the 078 isolates and one of the F3 isolates, were sensitive (Table 3.3). The isolates 

obtained from Elora Conservative area, 2 isolates, one 078 and one F4, were sensitive to 

the 3 antibiotics vancomycin, metronidazole, and clindamycin (Table 3.3). The isolates 

recovered from the municipal water samples from domestic housing, 2 078 isolates, 

displayed intermediate resistant to clindamycin and were sensitive to vancomycine and 

metronedazole (Table 3.3). 

        Clostridium difficile isolates recovered from diary, 2 isolates F5, were all sensitive 

to vancomycine and metronedazole. Sensitivity to clindamycin varied from intermediate 

resistant, 1 isolate F5, to sensitive, 1 isolate F5, while the isolates recovered from beef, 2 

isolatesF6 and F7, were all sensitive to all 3 antibiotics Including vancomycin, 

metronidazole, and clindamycin (Table 3.3).  

       Ribotypes 078, F2 and F3 were the most resistant strains representing 33.3% of the 

resistant isolates each (Table 3.4). In addition ribotype 078 was the most intermediate 

resistant representing 65% of the intermediate resistant strains (Table 3.4).  
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Table 3.1: Isolation of Clostridium difficile from different Water sources .The 

samples were taken during 4 visits, and the isolates were ribotyped and 

toxinotyped as described in Materials and Methods. 

 
 

 
 
 
 
 

 

 

Water Source Number of  
Positive  
Samples/ Total 

Ribotype(s) Toxin genes Toxinotype Number of  
Isolates 

1-Shade’s Mills 
 Beach 

 
         5/9 

 
        078 

 
      A+B+ CDT+ 

 
       V 

 
        5 

2-Kitchener 
drinking 
Water Intake 

 
 
        16/19 

        078 
          O 
          F1 

      A+B+ CDT+ 

         A+B+ CDT- 

         A+B+ CDT- 

       V 

           0 
           0 

        7 
        3 
        6 

3-Waterloo  
Waste Water  
Treatment 

 
 
        11/19 

        078 
         F2 
         F3 

      A+B+ CDT+ 

      A+B+ CDT- 

      A- B- CDT- 

       V 

       0 

         ------  

        7 
        2 
        2 

4- Elora 
 Conservative  
Area Beach 

 
 
         2/5 

        
        078 
         F4 

        
      A+B+ CDT+ 

      A+B+ CDT- 

 

      
       V 
         	  XII 

        
        1 
        1 

5- Loryal  
Creek Park 
 Beach 

 
 
        0/10 

 
       ------- 
 

 
       ------- 

 
       -------- 

 
       -------- 

6- Public  
Swimming  
Pool 

 
 
        0/20 

 
      --------         
 

 
      -------- 

 
        -------- 

 
       -------- 

7- House Tap  
Water 

 
        2/20 

 
        078 

 
     A+B+ CDT+ 

 
         V 

 
         2 
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(Figure 3.1: Waterloo Waste Water Treatment near the effluent pipe, where water 

samples were collected. Waterloo Wastewater treatment is a place where 

wastewater is treated. It is a master plant for treating wastewater, and it is located 

in Waterloo, Southern Ontario, Canada) 

 
 

 

(Figure 3.2: Waterloo Waste Water Treatment (The effluent pipe), where water 

samples were collected. The effluent pipe discharges the treated water in to the 

Grand river) 
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(Figure 3.3: Laurel Creek Conservation Area beach, where water samples were 

collected.  It is a recreational beach that has a large population of geese) 

 
 
 
 

 
(Figure 3.4: Kitchener Drinking Water Intake. Samples were obtained from 

different spots at the same place)  
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(Figure 3.5: Shade’s Mills beach, where samples were collected. It is a recreational 

beach) 
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(Figure 3.6:  PCR detection of Clostridium difficile Toxin A and B was preformed as 

described in Materials and Methods. The DNA ladder that was used is a 100 bp 

DNA ladder. Lane1: DNA ladder; Lane2-13: C.difficile DNA obtained from water; 

Lane 14: positive control; Lane 15: Negative control) 

 
(Figure 3.7: PCR detection of Clostridium difficile binary toxin was preformed as 

described in Materials and Methods. The DNA ladder that was used is a 100 bp 

DNA ladder. Lane1: DNA ladder; Lane 2-15: C.difficile DNA obtained from water, 

positive and negative controls) 
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(Figure 3.8: PCR for Clostridium difficile ribotyping was preformed as described in 

Materials and Methods. The DNA ladder that was used is a 100 bp DNA ladder. 

Lane1: DNA ladder; Lane 2-15: C.difficile DNA obtained from water, positive and 

negative controls) 

 

 
(Figure 3.9: PCR for Clostridium difficile toxinotyping was preformed as described 

in Materials and Methods. The DNA ladder that was used is a 100 bp DNA ladder. 

The lanes show C.difficile DNA obtained from water) 
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Table 3.2: Isolation of Clostridium difficile from manure of different 

animals. The samples were taken from 15 farms during 3 visits. The 

ribotyping and detection of the toxins were preformed as described in 

Materials and Methods. 

 
 
Manure Source  Positive Samples Ribotype Toxin genes 

Diary D1-2 Heifers          F5       A+B+ CDT - 

Diary 2/14 D4-1 Cows          F5       A+B+ CDT - 

 
 
Beef 

B1-3 Manure with 
1.5 zeolite 

 
         F6 

 
      A-B- CDT - 

 
Beef 2/9 

B1-4 Manure with 
3 zeolite 

 
         F7 

 
      A-B- CDT - 

Poultry 0/5     0/5           ---------         ---------- 

Geese 0/10     0/10           ---------         ---------- 
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(Figure 3.10: PCR for Clostridium difficile ribotyping was preformed as described in 

Materials and Methodes. The DNA ladder that was used is a 100 bp DNA ladder. 

From the right to the left: lane 1: DNA ladder; 2-5: C.difficile DNA obtained form 

manure samples) 
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Table 3.3: Antibiotic sensitivity test for Clostridium difficile isolates 

obtained from different water sources and animals. 
 

 
Location PCR Strain Vancomycin Metronidazole Clindamycin  
Shade’s Mills 
beach 

 ــــ           ــــ           ــــ             (078) 1        

 ــــ           ــــ           ــــ             (078) 2         
 +           ــــ           ــــ             (078) 3         
 ــــ           ــــ           ــــ             (078) 4         
 +           ــــ           ــــ             (078) 5         
Kitchener 
Drinking 
Water Intake 

 ــــ          ــــ           ــــ            (078) 1        

 ــــ          ــــ           ــــ            (078) 2         
 +          ــــ           ــــ            (078) 3         
 ــــ          ــــ           ــــ            (078) 4         
 ــــ          ــــ           ــــ            (078) 5         
 +          ــــ           ــــ            (078) 6         
 ــــ          ــــ           ــــ            (078) 7         
         8  (O)            ــــ          ــــ           ــــ 
         9  (O)            ــــ           ــــ           + 
        10 (O)            ــــ          ــــ           ــــ 
        11 (F1)            ــــ           ــــ           + 
        12 (F1)            ــــ           ــــ           ــــ 
        13 (F1)            ــــ           ــــ           ــــ 
        14 (F1)            ــــ           ــــ           ــــ 
        15 (F1)            ــــ           ــــ            + 
        16 (F1)            ــــ           ــــ            + 
Waterloo 
Waste 
treatment 

 ــــ           ــــ           ــــ            (078) 1        

 +           ــــ           ــــ            (078) 2         
 +           ــــ           ــــ            (078) 3         
 ++           ــــ           ــــ            (078) 4         
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 +           ــــ           ــــ            (078) 5         
 +           ــــ           ــــ            (078) 6         
 +           ــــ           ــــ            (078) 7         
         8 (F2)            ــــ           ــــ           ++ 
         9 (F2)            ــــ           ــــ           + 
        10 (F3)            ــــ           ــــ           ++ 
        11 (F3)            ــــ           ــــ           ــــ 
Elora 
Conservation 
Area 

 ــــ           ــــ           ــــ            (078) 1        

         2 (F4)            ــــ           ــــ           ــــ 
House Tap 
Water 
 

 +           ــــ           ــــ            (078) 1        

 +           ــــ           ــــ            (078) 2         
Diary         1 (F5)           ــــ           ــــ           ــــ 
         2 (F5)           ــــ           ــــ           + 
Beef         1 (F6)           ــــ           ــــ           ــــ 
         2 (F7)           ــــ           ــــ           ــــ 
	  
 
 

v ــــ sensitive, + Intermediate, ++ resistant. 
 
 
 
Table 3.4: Susceptibility to Clindamycin by percent for ribotypes  
  
 
Ribotype Sensitive % Intermediate % Resistant % Source of 

C.difficile 
078          50%         65%        33.3% Water 
O          10%          6%           0% Water 
F1          15%         18%           0% Water 
F2            0%           6%       33.3% Water 
F3            5%           0%       33.3% Water 
F4            5%           0%            0% Water 
F5            5%           6%            0% Animal 
F6            5%           0%            0% Animal 
F7            5%           0%            0% Animal 
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Figure 3.11: The disc agar diffusion method on Muller –Hinton agar plates and the 

three antibiotics used including vancomycin, metronidazole, and clindamycin. 

 

 
 
 
 
 
 
 
 
 
 
	  
 
 



	   47	  

CHAPTER 4 - Discussion: 
 
The aim of this study was to determine the distribution and sources of Clostridium 

difficile in different water sources and compare the ribotypes carried by animals with 

those isolated from water. The current study focused on water sources used for 

recreational activities, in addition to those used for municipal supplies and effluent from 

the sewage works that discharged into the Grand River. The sites were specifically 

selected given that each had been identified as sites-of-concern with respect to enteric 

pathogen contamination (PHAC, personal communication).  

 

Water is a potential route for the dissemination of Clostridium difficile in the 

environment as it was isolated from 36/102 (35%) of the water samples collected within 

the current study. The highest number Clostridium difficile isolates were recovered from 

the Municipal water supply intake pipe (44% of isolates) with the sewage outlet 

accounting for 30% of the total isolates. The pathogen was also recovered from 

recreational beaches (19.4 % of isolates) and the municipal water from domestic houses 

representing (5.5%). The results in our research are comparable with the data published 

in the Slovenian study (Zidaric et all, 2010), where 42/69 of the water samples collected 

from 25 rivers in Slovenia tested positive for Clostridium difficile. The pathogen has also 

been recovered in water samples collected within the United Kingdom. Here, the 

prevalence of Clostridium difficile was reported to be 36% in water collected from 7 

rivers, lakes, and seawater from six sites on the Bristol Channel located 20 miles away 

from Cardiff, South Wales. The majority (90%) of samples collected from the Welsh 
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rivers were found to harbor toxin A indicating toxigenic strains (Simango, 2006; Alsaif & 

Brazier, 1996). In a recent Canadian study by Hawken (2011) recovered Clostridium 

difficile from 77% of samples collected form the Speed River (Guelph, Ontario). It 

should be noted that the high prevalence for Clostridium difficile recorded by Hawken 

(2011) was attributed to screening sediments as opposed to water, in addition to being 

adjacent to a pig farm. The researcher reported that Clostridium difficile isolated from 

sediment samples in close proximity to the farm were predominantly ribotype 078. 

 

The majority of isolates (34/36) of Clostridium difficile recovered from different water 

sources in the current study were toxigenic strains that harbored toxin A and B in 

addition to the binary toxin cdt with ribotype 078 dominating. The Slovenian study 

(Zidaric et all, 2010) also recovered a proportion (16/42) of toxigenic strains although 

none were ribotype 078. However, in the Slovenian study (Zidaric et all, 2010), the most 

prevailing toxigenic strains recovered from water was ribotype 014 which is distinct from 

the 078 ribotype. In the study of Zidaric et al (2010) the majority of isolates were 

toxinotype 0 that is commonly encountered in clinical settings. The additional isolates 

were classed as toxinotype XII	  that	  is	  not	  commonly	  found	  in	  clinical	  cases,	  but	  could	  

be	   found	   in	   animals.	   Ribotype O was found in 3 positive samples taken from the 

municipal water supply intake pipe in our research. Unknown ribotypes such as F1, F2, 

F3, and F4 that did not match any of the databases in our lab were also found in the 

positive water samples. The unknown ribotypes F1 and F2 belonged to toxinotype 0, 

while the unknown ribotype F4 was belonged to toxinotype XII. While these ribotypes 

have not been previously identified in the laboratory, their potential clinical relevance 
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cannot be dismissed as they are toxigenic because they belong to toxinotype 0, a type that 

is widely found in CDI in people. According to Geric et al, 2004, 80.4% of clinical 

isolates (153) obtained from patients from a signal hospital in America were classified as 

toxinotype 0. The ribotype XII recovered in this study is relatively rare although had been 

recovered from water sources in the Slovenian study (Zidaric et all, 2010). The unknown 

ribotype F3 was non toxigenic that did not have toxin A and B. These strains, the 

unknown, represent the rest of the strains found in the water samples in our research. The 

isolation of different ribotypes from the water samples in this research is comparable with 

the data of Zidaric et al, 2010, who reported a variety range of ribotypes isolated form 

water in Slovenia. The water samples collected in the current study from the swimming 

pool were negative for Clostridium difficile despite previous reports that suggest 

Clostridium difficile is frequently recovered from public pools. For example, Al Saif & 

Brazier, (1996), reported isolation of Clostridium difficile from 4/8 swimming pool water 

samples in a study at Wales, U.K.  The researchers theorized that the high prevalence of 

Clostridium difficile in swimming pools was due to contamination introduced by young 

babies that are known to have a high carriage of the pathogen. Clostridium difficile is 

present as a natural flora in the small intestine about 3% in adults and 66% in children 

and infants (New South Wales Government, 2011). In this respect, it was interesting to 

note that the swimming pool sampled in the current study was within a health spa that 

was exclusively used by adults. It should also be noted that spores of Clostridium difficile 

can readily be removed by filtration which would suggest the risk of encountering 

Clostridium difficile in swimming pools is low.  
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Two out of twenty of the municipal water samples from domestic housing were positive 

and were ribotype 078. Al Saif & Brazier, (1996) reported 1 of 18 tap water samples 

screened tested positive for Clostridium difficile and was found to produce toxin A.  

The recovery of Clostridium difficile in municipal water in the current study maybe 

expected given the high prevalence encountered in the water intake station on the Grand 

River. Although water is treated by a combination of coagulation and chlorination steps it 

is evident that a proportion of the Clostridium difficile pass through the process and enter 

the municipal system. Yet, given the rare occurrence of Clostridium difficile in water 

supplies the risk of acquiring CDI from water is likely low, probably in part because very 

low levels of contamination that is probably present. 

 

 Animals such as cattle, poultry, and beef are a significant source of Clostridium difficile 

in the environment (Zidaric et al, 2008; Avbersek et al, 2009; Harvey et al, 2011). In our 

research, Clostridium difficile was isolated from 4 (14%) manure samples derived from 

beef and diary cattle. Carriage of Clostridium difficile in cattle has been previously 

reported although the majority of studies have focused on calves as opposed to developed 

animals (Rodriquez et al., 2006; Hansen et al, 2009).  Avbersek et al, (2009), reported 

that 4/42 fecal samples obtained from calves were positive for Clostridium difficile that is 

a higher carriage than reported in the current study although confirms that cattle manure 

can harbor the pathogen.  

In the current study, 2/4 of the strains isolated from the cattle manure samples were 

toxigenic strains and two were non-toxigenic. The results are in agreement with Avbersek 

et al, (2009), who reported that 3/4 of the strains isolated form calves were toxigenic with 
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the other being non-toxigenic.  Moreover, our results are comparable with the data of 

Rodriquez et al (2006), who reported that 30/31 of the isolates isolated from cows were 

toxigenic (Hansen et al, 2009). From ribotyping, the strains recovered in the current study 

were uncommon and could not be matched with any patterns within the database. Hence, 

the isolates were designated as ribotypes F5, F5, F6, and F7. It was interesting to note 

that the Clostridium difficile isolates recovered from cattle by Avbersek et al, (2009) were 

also rare ribotypes not previously implicated in clinical CDI cases. The results would 

suggest that although cattle may shed Clostridium difficile in manure those strains 

encountered are not commonly implicated in clinical cases. This theory is supported by 

the fact that the Clostridium difficile populations associated with cattle manure were 

composed of toxigenic and non-toxigenic strains. Moreover, the toxigenic strains 

harbored toxin A and B but lacked binary toxin and also could not be classed into known 

toxinotypes. The relatively rare strains encountered in cattle may suggest a degree of host 

specificity although a larger sampling study would be required to confirm this theory.  

No Clostridium difficile isolates were recovered from poultry manure in the current study 

which is in contrast to other workers that have reported prevalence of > 50% (Zidaric et 

al, 2008). This discrepancy maybe related to geographical factors given the Zidaric et al 

(2008) study was performed in Slovakia. In addition, the researchers sampled young 

chicks, and young checks shed a greater proportion of Clostridium difficile as mentioned 

earlier in the literature review in this research. 

 The wild geese samples screened also did not yield any Clostridium difficile positive 

samples although this may have reflected the low number of samples screened. Yet, 

Bandelj et al, (2011) also reported that no positive samples were recovered from 
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sampling 465 wild migrating birds. This would suggest that migrating birds do not act as 

a carrier for Clostridium difficile, and thus, they would not be one of the sources that 

contaminate water with this pathogen.  

 

By comparing the ribotypes recovered in the water to that from manure it can be 

concluded that animals including cattle, beef, poultry, and wild geese are not likely to 

contribute significantly to the environmental burden of Clostridium difficile in our 

research. However, given the predominant prevalence of ribotype 078 the discharge from 

sewage treatment plants could be a significance source of Clostridium difficile.  Yet, the 

contribution from animal production especially from pork production cannot be 

discounted.  It has been reported that pig manure is a rich source of Clostridium difficle 

078 (Gould & Limbago, 2010; Weese et al, 2010). This theory is further supported by 

Hawken (2011), who isolated ribotype 078 from rivers in close proximity to pork 

production facilities.  

 

All Clostridium difficile isolates recovered from different water sources and animals, 40 

isolates, were susceptibility to vancomycin and metronidazole. The results are in 

agreement with other workers who have reported that clinical and animal isolates share a 

common sensitivity to the aforementioned antibiotics (Aspevall et al, 2006; Rodriguez et 

al, 2006; Brazier et al, 2008). Yet, resistance to clindamycin has been encountered in 

clinical isolates of Clostridium difficile. Suggesting the pathogen is acquiring resistance 

to the antibiotics (Drummond et al, 2003; Aspevall et al, 2006). 
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Variation was observed between the isolates recovered in the current study with respect 

to resistance to clindamycin. It was found that 17/ 40 of Clostridium difficile isolates had 

intermediate resistant to clindamycin, 3/40 of the isolates were completely resistant to the 

antibiotic with the remainder being sensitive. Drummond et al, (2003), reported that 8% 

of Clostridium difficile strains recovered from clinical CDI cases were sensitive to 

Clindamycin with 25% intermediate and 67% resistant.  Aspevall et al, (2006), reported 

that 11% (238 isolates) of Clostridium difficile isolates from patients were resistant to 

Clindamycin, while 16% of the isolates were sensitive. Clostridium difficile isolates 

recovered from calves exhibited high resistance to clindamycin with 73% exhibiting 

resistance (Rodriguez et al, 2006). From this background it can be deduced that resistance 

to clindamycin is more commonly encountered in Clostridium difficile encountered in 

animals. However, it was noted in the current study that Clostridium difficile strains 

recovered from animals were predominantly sensitive to clindamycin although it should 

be noted that only 4 isolates were tested. In comparison, 17 isolates from water were 

clindamycin sensitive with 20 intermediate and resistant. Also, the fact that clindamycin 

is usually used to treat infections such as MRSA coming along with the side effect of 

getting CDI, we could conclude that the high resistant of Clostridium difficile isolates 

from water to clindamycin could be an evidence that the isolates would be related to 

clinical sources.   This may suggest that the Clostridium difficile encountered in water is 

derived from both animal and human sources.  

 

 

 

 



	   54	  

4.0 General Conclusion 

The objectives of this study were to determine the distribution and sources of Clostridium 

dfiicile in different water sources and compare the ribotypes carried by animals to those 

isolated from water. The results indicate that Clostridium difficile was isolated form 36 % 

of 102 water samples collected from different water courses and from 14% 4 manure 

samples derived from cattle and beef. It can be found from the results that the highest 

number of Clostridium difficile was found in the municipal water supply intake pipe and 

effluent outlet from sewage treatment. Clostridium difficile was isolated from recreational 

beaches and municipal water supply from domestic housing too. No Clostridium difficile 

was isolated from swimming pool water samples. Most of the strains recovered from the 

different water sources were toxigenic strains. The pathogen was also isolated from cattle 

and beef in this study, and the strains recovered were composed of toxigenic and non-

toxigenic strains as well. It can be found from the ribotyping results that well-known 

ribotypes such as ribotype O and unknown ribotypes that did not match the databases in 

our lab were detected in the water samples. In addition, unknown ribotypes that did not 

match any of the databases in our lab were isolated from cattle and beef too. No 

Clostridium difficile isolates were recovered from poultry and wild geese. The results 

also indicate that Clostridium difficile isolates obtained from different water sources and 

animals were all sensitive to vancomycin and metronidazole. Sensitivity to Clindamycin 

was as follows sensitive, 20 isolates, intermediate, 17 isolates, and resistant, 3 isolates.  
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The most important conclusion points of the study are: 

• Isolation of Clostridium difficile from the municipal water supply intake pipe 

(44%) and effluent outlet from sewage treatment (30%). 

• Isolation of Clostridium difficile from recreational beaches (19.4%) and municipal 

water supply from domestic housing (5.5%). 

• Isolation of Clostridium difficile from municipal water supply from domestic 

housing may be due to the high prevalence of this pathogen in the intake water 

and indicates that a portion of this pathogen pass through the process of water 

treatment and enter the municipal system.  

• No Clostridium difficile detected in swimming pool water, which can be due to 

the filtration and chlorination that may result in elimination of this pathogen and 

gives a lower risk of encountering this pathogen in swimming pool water.  

• Most of Clostridium difficile strains isolated from different water sources were 

toxigenic producing toxin A and B and some produced the binary toxin along 

with the toxins including the 078s. 

• Detection of unknown ribotypes that did not match any of our databases in our lab 

from the different water sources. 

• Isolation of Clostridium difficile from manure of cattle and beef  (14%), which is 

composed of toxigenic and non-toxigenic strains that did not match any of the 

databases in our lab.  

• The isolation of unknown ribotypes that did not match any of the databases in our 

lab suggests the emergence of new ribotypes other than the known ones. 

• No Clostridium difficile was detected from poultry and wild geese manure.  
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• All Clostridium difficile isolates recovered from different water sources and 

animals were sensitive to vancomycin and metronidazole. 

• Sensitivity to Clindamycin varied; sensitive (20 isolates), intermediate (17 

isolates), and resistant (3 isolates).  

• The data would suggest that Clostridium difficile recovered in water was likely 

derived from both animal and human sources.  
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4.1 Further studies 

The study has illustrated that Clostridium difficile is widespread in water sources and 

animals within Southern Ontario. It was evident that populations of the pathogen were 

highly diverse and exhibited the traits of pathogenicity. Yet, the specific source of 

Clostridium difficile could not be identified, but is likely derived from both animal and 

human sources. Regardless of the source of Clostridium difficile there is a need to 

determine the extent to which waterborne strains of the pathogen contribute to 

Community Associated-CDI. For this there needs to be a more clear definition of 

Community Acquired infections and then determine which strains are implicated. In the 

present, it has been assumed that ribotype 078 is linked primarily to Community 

Acquired infections with 027 being associated with health care environments. However, 

it is likely that the epidemiology is more complex due to the rapid evolution of 

Clostridium difficile. In this respect whole genome sequencing should be undertaken to 

derive a clear picture of Clostridium difficile evolution to determine if there is indeed 

separate genetic lineages between clinical and Community Acquired strains.   

Additional studies should focus on determining the prevalence of Clostridium difficile 

across a wider geographical area and if seasonal effects exist. It is known that 

Clostridium difficile peaks in late Fall-early Winter although it is unknown if this can be 

related to greater prevalence of the pathogen or greater susceptibility of the host.  
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