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Abstract— Community Acquired Clostridium difficile Infection (CA-CDI) is becoming increasingly 

significant. Water could be a source for CA-CDI.  The conducted research aimed to evaluate the prevalence 

and antimicrobial susceptibility/resistance of Clostridium difficile (C. difficile) (homotypic synonym 

Clostridioides difficile) detected in water in Mansoura city, Egypt. Water samples were collected from many 

sources. Enrichment/selective cultures were used for isolation and identification of C. difficile. C. difficile 

was identified in samples collected from; water supply intake pipe (34.0%), waste water treatment (26.0%), 

house tap water (7.1%) and public swimming pool (1.0%). The majority (30/38) of C. difficile isolates were 

toxigenic. All isolates were sensetive to vancomycin. Variable degrees of resistance to metronidazole and 

clindamycin were detected. The study confirmed that water can be a source for C. difficile transmission and 

infection. 
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1. Introduction 

C. difficile, a Gram-positive spores-forming anaerobic bacterium, is the most frequent pathogen implicated 

in nosocomial diarrhea, toxic megacolon and pseudomembranous colitis in hospitals. The number of cases 

and deaths associating CDI is increasing. For example, in the United Kingdom during 2005-2006, death rates 
associating C. difficile rose from 3,757 to 6,480 (72%). Also, in the United Kingdom during 2006-2007, the 

number of deaths, associating C. difficile, rose from 6,480 to 8,324 [1,2].  

C. difficile was recently reclassified as Clostridioides difficile. It can live in the small intestine as a component 

of the normal microbiota of approximately 3% of adults and 66% of young children and infants [3]. 

This organism can form spores outside the host. The spores of C. difficile can persist over extended periods 

because of their moderate resistance to heat and chemicals including most sanitizers [4]. The spores can 
survive temperature of 71°C for up to 2h [5]. In addition, the spores can pass easily through the stomach 

because they have a high level of resistance to acids [6]. 

The organism can secret toxins, toxin A (that causes primary cellular damage and increases fluids in the 

colon), toxin B (that increases cellular damage) and the binary toxin, CDT (that enhances the activity of toxins 

A and B) are the main and most virulent factors that cause the pathogenicity [7]. 

The European Society of Clinical Microbiology and Infectious Diseases (ESCMID) recommended 
vancomycin and metronidazole antibiotics for treatment of severe and non-severe C. difficile infections, 

respectively [8]. In addition, clindamycin is one of the most significant risk antibiotics for developing of CDI 

[9].  

In fact, C. difficile ribotypes 078 and 027 are the most concerning strains when it comes to human infection 
and food animals. Nevertheless, the emergence of other strains of C. difficile such as ribotype 001, ribotype 

014, and ribotype 017 has been reported. It is established that CA-CDI is increasing and that ribotype 078 is 

frequently implicated which differs from 027 that is commonly linked to healthcare settings [10]. 

The sources of CA-CDI remain unclear. C. difficile is encountered in humans and animals with the potential 
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of being disseminated to the population through water sources. This study was conducted to evaluate water 

as a source for CA-CDI by screening for the prevalence of C. difficile in water samples collected from 

Mansoura city and nearby areas, Egypt and characterize the recovered strains regarding toxins secretion and 

resistance to the antibiotics; vancomycin, metronidazole and clindamycin. 

 

2. Samples, Materials and Methods 

Two hundred water samples were collected from different water sources and sites within Mansoura city and 

its surroundings in the north Delta of Egypt. The sampling sites included the municipal water supply intake 

pipe and effluent outlet from the sewage treatment works located in Mansoura. Sediment was collected from 
the bottom of the water stream for most of the water samples. A public swimming pool and municipal water 

from domestic housing were also sampled. All water samples were collected in sterilized bottles. 

 

C. difficile was cultured by enrichment culturing for all the samples. Approximately 2g of the sediment from 

the water samples was enriched in 9ml of Clostridium difficile Moxalactam Norfloxacin (CDMN) broth 
(Oxoid) with 0.1% sodium taurocholate and incubated for 7 days at 37°C in anaerobic jar. 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, and tap water 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 [11].  
 

For all samples, after incubation, 2ml of the bacterial broth was added to an equal amount of absolute ethanol, 

incubated in room temperature for 1h and then centrifuged at 4,000 rpm for 10 min. The pellet was streaked 
on CDMN agar (Oxoid) and incubated for 48 h in anaerobic jar at 37°C [11]. After incubation, the plates were 

checked for C. difficile colonies by morphology and odor, which is usually white and round with a distinctive 

smell similar to horse manure. Confirmation was done by API20A test (BioMérieux) according to the 

manufacturer's instructions [12]. Reference strain (C. difficile ATCC 9689) was used as a control positive in 
all steps (Oxoid; 5 Culti-Loops; R4601610). 

 

The toxin A/B production by C. difficile isolates was tested by the Xpect CD Toxin A/B test (Oxoid). Briefly, 
under anaerobic conditions, the thioglycolate broth of the isolates was incubated for 24h at 37℃, appropriate 

amount of the broth was mixed with equal amount of Brain Heart Infusion (BHI) broth and incubated for 72h 

at 37℃ then the BHI broth culture was used according to the manufacturer's instructions to detect the toxin 
A/B [12].  

 

The susceptibility/resistance of C. difficile isolates to vancomycin, metronidazole and clindamycin antibiotics 

was tested using Epsilon test (E-test; BioMérieux) on Mueller- Hinton agar supplemented with horse blood 
[13]. The plates were incubated at 37℃ for 48 h. The minimum inhibition concentration (MIC) values for 

metronidazole and clindamycin were compared with the breakpoints established by Clinical and Laboratory 

Standards Institute [14], while that for vancomycin with those defined by European Committee for 
Antimicrobial Susceptibility Testing [15]. 

 

3. Outcomes 

Thirty-eight samples were positive for C. difficile from the two hundred water samples that were collected. 

The distribution of the isolated C. difficile (38 ⁄ 200 =19.0%) was as follows; 17 ⁄ 50 (34.0%) from water 

supply intake pipe, 13 ⁄ 50 (26.0%) from waste water treatment, 5 ⁄ 70 (7.1%) from house tap water and 3 ⁄ 30 

(1.0%) from public swimming pool.  

 

The majority (30/38) of C. difficile isolates detected in different water samples were toxigenic (Table 1). All 
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isolates were susceptible to vancomycin. However, susceptibility to metronidazole and clindamycin varied 

(Table 1). Susceptibility to metronidazole was as follows; 35 sensitive isolates, 3 intermediate isolates and no 

resistant isolates. Susceptibility to clindamycin was as follows; 22 sensitive isolates, 13 intermediate isolates, 

and 3 resistant isolates. 

 

Isolation site Number of 
isolates/ 

Number of 

samples 

Number of toxigenic 
isolates/ Number of 

samples 

Vancomycin1) Metronidazole2) 3)Clindamycin 

Water supply 

intake pipe 

17 ⁄ 50 

(34.0%) 

13 ⁄ 50  

(26.0%) 

17 Sensitive 

 

0 Resistant 

16 Sensitive 

1 Intermediate 

0 Resistant 

11 Sensitive 

5 Intermediate 

1 Resistant 

Waste water 

treatment 

13 ⁄ 50 

(26.0%) 

12 ⁄ 50  

(24.0%) 

13 Sensitive 

 

0 Resistant 

12 Sensitive 

1 Intermediate 

0 Resistant 

7 Sensitive 

5 Intermediate 

1 Resistant 

House  

Tap Water 

5 ⁄ 70 

(7.1%) 

2 ⁄ 70  

(2.857%) 

5 Sensitive 

 

0 Resistant 

5 Sensitive 

0 Intermediate 

0 Resistant 

3 Sensitive 

2 Intermediate 

0 Resistant 

Public 

swimming 

pool 

3 ⁄ 30 

(1.0%) 

3 ⁄ 30  

(1.0%) 

3 Sensitive 

 

0 Resistant 

2 Sensitive 

1 Intermediate 

0 Resistant 

1 Sensitive 

1 Intermediate 

1 Resistant 

(Table 1): Antibiotic resistance/sensitivity testing for Clostridium difficile isolates obtained from 

different water sources: 
1) The breakpoints defined by European Committee for Antimicrobial Susceptibility Testing (EUCAST, 2019); 
Sensitive (MIC ≤2) and Resistant (MIC >2). [15] 
2) The breakpoints defined by Clinical and Laboratory Standards Institute (CLSI, 2018); Sensitive (MIC ≤8), 

Intermediate (MIC =16) and Resistant (MIC ≥32). [14] 
3) The breakpoints defined by Clinical and Laboratory Standards Institute (CLSI, 2018); Sensitive (MIC ≤2), 

Intermediate (MIC =4) and Resistant (MIC ≥8). [14] 

 

4. Discussion 

The ubiquity of C. difficile is well known, but the reports describing its detection in water are not numerous.  

Two hundred water samples were collected. C. difficile was isolated from 38/200 (19.0%) of the water samples 

collected within the current study. The highest number of C. difficile  isolates were recovered from the 
municipal water supply intake pipe followed by the waste water treatment outlet, the municipal water from 

domestic houses then water samples from a swimming pool accounting for (17 ⁄ 50 = 34% of isolates), (13 ⁄ 

50 = 26%), (5 ⁄ 70 = 7.1%) and (3 ⁄ 30=1.0%) respectively.  

 
Previous studies reported detection of C. difficile from tap water.  Al Saif and Brazier [16] reported 1 of 18 tap 

water samples screened tested positive for C. difficile and was found to produce toxin A. The recovery of C. 

difficile in municipal water in the current study maybe expected given the high prevalence encountered in the 
water intake station. Although water processing by a combination of filtration and chlorination steps, it is 

evident that a proportion of the C. difficile passes through the process and enter the municipal system. Yet, 

acquiring CDI from municipal water supplies is likely low, probably in part because the very low levels of 
contamination that is could be present. 

 

Another Canadian study by Hawken [17] recovered C. difficile from 77% of samples collected form a river. It 

should be noted that the high prevalence for C. difficile recorded by Hawken was attributed to being adjacent 
to a pig farm. Higher percents of water positivity were found in wastewater treatment plants, where all samples 

were positive for C. difficile in other two different studies [18, 19]. 

 
Al Saif and Brazier [16] reported isolation of C. difficile from 4/8 swimming pool water samples in a study at 

Wales, U.K. The researchers theorized that the high prevalence of C. difficile in swimming pools was due to 
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contamination introduced by young babies that are known to have a high carriage of the pathogen. It should 

also be noted that spores of C. difficile can readily be removed by filtration which would suggest that there 

was a defect in the filtration process of the swimming pool in the conducted study. 
 

The potential ability of C. difficile to produce toxins makes this organism of particular concern from a public 

health standpoint. The majority (30/38) of C. difficile isolates recovered from different water sources in the 
current study were toxigenic. Zidaric et al. [20] also recovered a proportion (16/42) of toxigenic strains and 

the majority of these isolates were toxinotype 0 that is commonly encountered in clinical settings and 

toxinotype XII that is not commonly found in clinical cases, but could be found in animals. In addition, Xu et 

al. [11] reported that 79.2% of C. difficile isolated from wastewater were toxigenic. The results would confirm 
that toxigenic Cl. difficile is widely distributed and could contributes to the high occurrence of CA-CDI. 

 

In 2011, Laine et al. [21] reported an extensive waterborne outbreak (about 6,500 cases of gastroenteritis) in 
Finland due community water supply contamination by sewage water. C. difficile, Salmonella enterica serovar 

Enteritidis, Campylobacter, rotavirus, norovirus and Giardia were detected in water samples and isolated from 

the patients. 
 

Regarding the antibiotic resistance in the conducted research, all C. difficile isolates recovered from different 

water sources (38 isolates) were susceptible to vancomycin. However, susceptibility to clindamycin and 

metronidazole varied. Sensitivity to clindamycin was as follows; 22 sensitive isolates, 13 intermediate isolates, 
and 3 resistant isolates. Sensitivity to metronidazole was as follows; 35 sensitive isolates, 3 intermediate 

isolates and no resistant isolates. 

 
The results are in agreement with Brazier et al. [22], Aspevall et al. [23], Rodriguez et al. [24] and Varshney 

et al. [9] who have reported 100% C. difficile susceptibility to vancomycin in their studies. Freeman et al. [25] 

reported the resistance rates of 953 C. difficile isolates to vancomycin as 0.87%. 
 

Drummond et al. [26] reported that 8% of C. difficile strains recovered from clinical CDI cases were sensitive 

to clindamycin with 25% intermediate and 67% resistant. Aspevall et al. [23] reported that 11% (238 isolates) 

of C. difficile isolates from patients were resistant to clindamycin, while 16% of the isolates were sensitive. 
  

Wong et al. [27] reported that only 1% of C. difficile isolates was resistant to metronidazole. According to 

Huang et al. [28] the resistance to metronidazole is very rare, however decreased sensitivity is emerging. 
Varshney et al. [9] determined 100% C. difficile susceptibility to metronidazole. Freeman et al [25] reported 

that C. difficile resistance rate to metronidazole as 0.11%. 

 

Janezic et al. [29] reported reduced susceptibilities of C. difficile isolates to imipenem, erythromycin, 
clindamycin, tetracycline, rifampicin and daptomycin. In addition, he reported multiple resistances in only 

four strains, three of which (PCR ribotypes 251, 244 and SLO 002,) that are associated with human and 

animals’ hosts. 
 

In the conducted study, the explanation of acquiring variable degrees of resistance to metronidazole and 

clindamycin is that these two antibiotics are commonly used to treat infections such as many anaerobes and 
parasites (metronidazole) or MRSA (clindamycin). Coming along with the side effect of getting CDI, we could 

conclude that the relatively high resistance of C. difficile isolates from water to clindamycin and metronidazole 

could be an evidence that the isolates would be related to clinical sources. This may suggest that the C. difficile 

encountered in water is derived from both animal and human sources. Regardless of the source of C. difficile, 
there is a need to determine the extent to which waterborne strains of this pathogen contribute to the CA-CDI. 

 

Additional studies should focus on determining the prevalence of C. difficile across a wider geographical area 
and if seasonal effects exist.  It is known that C. 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. In addition, it 

is important to compare the ribotypes and toxinotypes carried by animals and human to those isolated from 
water. 
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5. Conclusion 

C. difficile is widespread in water sources including the municipal water supply from domestic housing and 

swimming pool water samples. The resistance of C. difficile to vancomycin and metronidazole is very rare, 

but decreased sensitivity is emerging. C. difficile detected in water may be derived from both animal and 

human sources. 
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