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ABSTRACT

Clostridium difficile is a common cause of antibiotic associated diarrhea with increased role of environment as a
source of contamination. Clostridium difficile spores are resistant to disinfectant surviving for months or years on
contaminated surfaces. Presence of C. difficile in the environment by enrichment and culturing of soil samples on
Cycloserine Cefoxitin fructose medium (CCFM) was carried out. Ten (10) soil samples each were collected from
different refuse dump sites in schools, markets, residential wards and hospitals within Yola North Local Government
Area of Adamawa State, Nigeria. Out of the 40 samples, 25% (10) harbored C. difficile and 37.5% (15) yielded
growth of unidentified bacteria. Hospital environments had the highest prevalence of 50% and school environments
were found to be free of C. difficile spores. Prevalence of C. difficile is significantly (P₌0.05, ) associated with
environment-based activities. Minimum inhibitory concentrations of isolates using five antibiotics showed that only
60% of the hospital-based isolates were susceptible to tetracycline and the rest resistant to the other four antibiotics
used. C. difficile isolated from market dump sites were susceptible to all antibiotics tested. None of the residencebased isolates were resistant to metronidazole; however, 66.7% were susceptible to erythromycin and tetracycline.
This study indicates that C. difficile has become an emerging pathogen in Nigeria. Increased understanding of the
factors leading to outbreaks of C. difficile is partinent.
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Introduction

Clostridium difficile is a spore forming, anaerobic Gram-positive
bacillus measuring about 0.3-2.0 by1.5-2.0 µm. This organism
naturally inhabits intestinal tract of humans and animals as well as
soils where they live as saprophytes. It is motile with peritrichous
flagella and produces spherical endospores and exotoxin. These
endospores and toxins when ingested, can lead to asymptomatic
carriage or clinical disease which ranges from mild diarrhea to life
threatening pseudomembranous colitis [1]. Clostridium difficile
has also been described as one of the leading cause of nosocomial
diarrhea and is responsible for an increase in hospital stays with
high healthcare and economic repercussions [2].
A remarkable change in epidemiology of Clostridium difficile
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infection has been encountered over the years with increasing
incidence, mortality and relapse rates in human [3,4]. Additionally,
while classically a hospital-associated pathogen predominantly
affecting elderly individuals, there are increasing reports of
community-associated Clostridium difficile infection including
young individuals and people with few or no risk factors [5].
Several studies have revealed the widespread presence of the
organism in hospital wards and on the hands of nursing personnel
and infections are generally believed to be nosocomial [6].
Fewer studies have been directed at the environment outside
hospitals and reports of C. difficile in the environment suggest
either that its geographical distribution may be patchy, or that
the different methodologies used were responsible for different
isolation rates. Hafiz and Oakley [7] from Sheffield, England
reported the organism in soil and a similar research in Korea
[8] has also found it in soil. However, a study of 20 random soil
samples from Michigan, USA gave negative results. Little is known
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about the prevalence of C. difficile in the domestic environment
[9]. The source of infection for community-associated cases of
Clostridium difficile infection remains uncertain; however, Jhung
et al. [10] suggested food borne infection. Clostridium difficile
spores are resistant to disinfectant and can survive for months or
years on contaminated surfaces [11-13]. In this study, a survey and
antimicrobial susceptibility profile of Clostridium difficile from
some refuse dump sites was carried out.

Materials and Methods

Sampling Method
The study site includes refuse dumps located at schools, hospitals,
markets and wards within Yola North. Clustered random sampling
technique was used to achieve randomness and this was carried
out by grouping the communities within Yola North into four
categories based on their population density. Within each category
the various names of wards were written on pieces of paper, folded
and non-participants of the research were asked to select any five
from each cluster and refuse dumps site within selected wards
were sampled.
Collection of Samples
A total of 40 samples, 10 each from refuse dump sites were
collected by random sampling using simple hand auger at a
depth of 50 cm and at different points aseptically. The auger was
cleansed at intervals to avoid contamination of the sample. The
various samples collected were put together in sterile polythene
and properly mixed to form composite sample which was then
transported to the laboratory for analysis.
Isolation and identification of Clostridium difficile
Isolation was done based on method described by Costa et al. [14].
Approximately 2 g of soil sample was inoculated in to 9 ml of
modified Cycloserine Cefoxitin fructose enrichment broth (CCFB),
where Cefoxitin was replaced with Cefixime and supplemented
with 0.1% sodium taurocholate. The broth was incubated at 37
o C in an anaerobic jar for 7 days. After incubation, 2 ml of the
broth was then withdrawn and added to 2 ml ethanol in a test tube
and incubated once again at ambient temperature for 30 min and
then centrifuged at 3500 rpm for 10 min. The pellet was retained
and inoculated on to modified Cycloserine Cefoxitin fructose agar
(CCFA) consisting of 4% proteose peptone, 0.5% Na2HPO4, 0.1%
KH2PO4, 0.01% MgSO4, 0.2% NaCl, 0.6% fructose, 1.5% agar at
pH 7.4 with added selective supplement containing 250 mg/ml
D-Cycloserine, 400 mg/ml Cefixime, 1% neutral red and 0.1%
sodium taurocholate. It was then anaerobically incubated at 37oC
for 48 h. Negative cultures were further re-incubated. Isolates were
then identified by morphological characteristics, odor, biochemical
test (catalase and oxidase) and Gram stains. A single colony of
each identified isolate was sub cultured and stored at 4oC prior to
further analysis.
Antibiotic Susceptibility Testing
The Minimum inhibitory concentration (MICs) of five (5)
antibiotics against the isolates was determined by agar well
diffusion method as described by Brook et al. (2013). The microbial
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inoculum of each isolate was prepared by inoculating each isolate
in 2 ml of normal saline and incubated anaerobically at 37ºC for 2
h. The antibiotics and concentrations used included: metronidazole
(0.5-32 µg/ml), erythromycin (0.5-32 µg/ml), Tetracycline (1-64
µg/ml), Ciprofloxacin (0.5-32 µg/ml), and Clindamycin (0.5-32
µg/ml), in accordance with the CLSI standard [15]. The various
concentrations were prepared by serial dilution from a stock
solution (prepared by dissolving each tablet of the antibiotics in
100 ml sterile distilled water). Mueller-Hinton agar supplemented
with 0.1% sodium taurocholate was inoculated with the microbial
inoculum by spreading 1 ml over the entire agar surface. Holes (6
mm diameter) were punched aseptically onto the agar plates using
a sterile Cork borer and 20 µl of each concentration was introduced
into the well. The plates were then incubated anaerobically at
37oC for 48 h. The MIC (read as the concentration with zones of
inhibition) was recorded.
Statistical Analysis
To compare occurrence rates with demographic factors and
bacterial isolates obtained, the mean, standard deviation as well
as, Chi-square (χ2) test were performed using SPSS 20 statistical
software for windows and a probability value of 0.05 or less was
considered to be significant.

Results

The 40 soil samples enriched in CCFB and cultured on CCFA
yielded growth of 10 bacterial isolates which were identified
to be Clostridium difficile. Morphologically, the isolates were
pleomorphic, about 3 mm in diameter, yellow to grey in color and
are associated with a distinctive odor. Gram staining reaction of
isolates revealed that they were Gram positive clustered rods and
biochemical test has shown that they are both oxidase negative and
catalase negative.
Out of the 40 samples collected only 25% were positive for
C. difficile, about 37.5% had no growth and 37.5% yielded
unidentified bacterial growth. The results also showed that hospital
refuse dump sites has the highest prevalence rate of 50 %, followed
by Residential wards with a prevalence of 30% and Market sites
with a prevalence of 20% (Figure 1).

Figure 1: Percentage occurrence of Clostridium difficile with respect to
sample location.
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Results of antibiotic susceptibility test in this study showed that only
60% of hospital isolates were susceptible to Tetracycline (MIC range
≥ 32µg/ml), however they were resistant to Ciprofloxacin (MIC
range ≥ 32µg/ml to 128µg/ml), Clindamycin (MIC range ≥ 32µg/
ml to 256µg/ml), Erythromycin (MIC range ≥ 64µg/ml to128µg/
ml) and Metronidazole (MIC range ≥ 64µg/ml to128µg/ml) (Table
1). Clostridium difficile isolates obtained showed a relatively
high multi drug resistance (Table 1). The minimum inhibitory

concentration (MIC) value of the isolates obtained from hospitals
showed that all isolates were resistant against Ciprofloxacin,
Clindamycin, Erythromycin and Metronidazole, only 60% of the
isolates were susceptible to Tetracycline. On the other hand all the
residential ward isolates were susceptible to Metronidazole, 33.3%
were resistant to Erythromycin and Tetracycline while resistance
against ciprofloxacin and clindamycin was 100%. There was no
resistance amongst isolates obtained from market refuse dump.

Table 1: Range of minimum inhibitory concentration (MIC) and resistance rate of isolates.
Antibiotic

MIC Range
(µg/ml)

H1

H5

H7

H9

H10

W5

W7

W8

M2

M5

% Resistance

Ciprofloxacin

0.5-32

128

128

128

128

128

64

64

64

32

32

80

Clindamycin

0.5-32

256

64

128

128

128

64

64

64

32

32

80

Erythromycin

0.5-32

128

64

128

128

128

64

32

32

32

16

60

Metronidazole

0.5-32

128

64

64

128

64

32

32

32

32

16

50

Tetracycline

1.0 – 64

64

32

128

128

64

64

32

64

32

16

60

Key: H – Hospitals W- Wards M- Markets.

Discussion

Clostridium difficile is ubiquitous in the environment and a
common cause of antibiotic associated diarrhea. The increase in
C. difficile infection related to hospitalization and case fatality
rate has been reported [16] and this indicates its importance
as an emerging infectious agent. The environment has been
demonstrated to be an important source of contamination and that
it enhances the potential for the spread of the infection [17] with
the spores being capable of persisting on surfaces for prolonged
periods. In this study, prevalence of C. difficile in environment
soils showed an increase of 25% in comparison with the reports of
the research carried out in Ohio-USA which had 6.5% prevalence
rate [18] which is contrary to the reports of a study carried out
in Lagos-Nigeria which had 0% prevalence of C. difficile in the
soils. This indicates that C. difficile has become an emerging
pathogen in Nigeria and therefore further standard approaches to
the investigation of C. difficile are essential in order to increase
understanding of the factors leading to outbreaks of C. difficile, its
preventive and control measures.
The increased prevalence rate of C. difficile in the hospital
environment in this study predisposes the human population to
infection. Besides, it is reported that the hospital environment
refuse dump had the highest concentration of spores [18]. The
study revealed that prevalence rate of C. difficile accounted for
50% in hospital sites, 30% in the populated neighborhood and 20%
in markets sites. Contamination of healthcare workers’ hands can
lead to and result from contamination of the environment. Thus, the
prevalence of healthcare worker hand contamination with C. difficile
correlates with the level of environmental contamination [19].
However, proof that reducing environmental C. difficile can
decrease the incidence of infection is lacking. This study further
indicated that school refuse dumps were free of C. difficile spores
and this findings is similar to the reports of Tariq et al. [18].
Results from this study showed that the presence of C. difficile
is associated with specific activity carried out in an environment.
Tariq et al. [18] had earlier reported that presence of C. difficile
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is not associated with soil type while the spores can infest all soil
types [18].
Results of antibiotic susceptibility test in this study showed that
60% of the hospital isolates were susceptible to only Tetracycline,
but resistant to Ciprofloxacin, Clindamycin, Erythromycin and
Metronidazole. The resistance could be associated with over
exposure of the isolates to varouis antibiotics and disinfectants
in the hospital environment. C. difficile has been reported to be
suceptible in previous studies [20]. Furthermore this study has
shown that all C. difficile isolates obtained from Market sites
were susceptible (MIC range ≥ 16µg/ml to 32µg/ml) to all five
antibiotics tested. Lack of resistance amongst these isolates is
due to favourable growth conditions and unlikely exposure to the
antibtiotics. The environmental conditions might also have been
favourable for growth [22]. Metronidazole remains the most potent
drug against the isolates although still with 50% rate of resistance.
A study of prophylaxis with oral metronidazole or vancomycin
against C. difficile infection, concluded that neither was effective
at preventing asymptomatic faecal excretion of C. difficile [21].
Two studies have claimed evidence that Metronidazole, given as
surgical prophylaxis to surgical patients, may reduce the risk of
postoperative C. difficile infection [1]. However, in one of these, the
comparator group with more cases of C. difficile infection received
clindamycin (a high-risk antibiotic) instead of Metronidazole as
anti-anaerobic cover. In another study, a non-significant difference
was seen in the incidence of C. difficile colonization in patients
receiving a non-standard prophylaxis regimen [1]. Thus; there is
no sound evidence of a benefit of using metronidazole to prevent
C. difficile infection. There are few proven therapeutic regimens
for C. difficile infection. First-line treatment should, where
possible, involve discontinuation of the precipitating antibiotic(s),
although in many patients this is not possible. The fundamental
principle in the control of C. difficile infection is the control of
antimicrobial prescribing, and there are numerous examples of
restrictive antibiotic policies associated with reduction in rates of
C. difficile associated diarrhea [22].
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Conclusion

The Result from this study showed that C. difficile could remain
viable in public outdoor environments and support the suggestion
of human-to-human transmission within the community. The work
showed a 25% occurrence rate of C. difficile in refuse dump sites
of Yola North LGA in Adamawa State which is an indication of the
prevalence of these bacteria in the hospital environment and other
environments studied. Metronidazole remains the most potent
drug against the isolates although with 50% rate of resistance. This
also emphasized the importance of soil and public environment
in acquisition of C. difficile in the community. The research also
presented a reliable tool for the screening of C. difficile in the
environment that can easily be adopted to monitor environmental
contamination and provide information to assess the risk of
obtaining C. difficile in public places. C. difficile is an organism
of increasing importance, especially in the elderly in the hospital
setting. Although its incidence may be controlled somewhat
by careful antibiotic prescribing, it is not going to disappear.
However, it will be of great help if novel methods, whether
chemical, probiotic or immunological, should be developed in
order to control the organism and the diseases it causes.

9.
10.
11.
12.

13.
14.

15.

References

16.

2.

17.

1.

3.
4.

5.

6.
7.
8.

Cleary RK, Grossman R, Fernandez FB. Metronidazole may
inhibit intestinal colonization with Clostridium difficile. Dis
Colon Rectum. 1998; 41: 464-467.
Wilcox MH, Cunnliffe JG, Trundle C, et al. Financial burden
of hospital-acquired Clostridium difficile infection. J Hosp
Infect. 1996; 34: 23-30.
Indra A, Lassing H, Baliko N, et al. Clostridium difficile: a
new zoonotic agent:? Wiener klin wochernschr. 2009; 121:
91-95.
Zilberberg MD, Shorr AF, Kollef MH. Increase in adult
Clostriduim difficile-related hospitalizations and case-fatality
rate, United States, 2005. Emerg Infect Dis. 2008; 14: 829831.
Kuntz JL, Chrischiles EA, Pendergast JF, et al. Incidence
of and risk factors for community-associated Clostridium
infection: a nested case -control study. BioMedCentral Infect
Dis. 2011; 11: 194.
Al Saif N, Brazier JS. The distributions of Clostridium difficile
in the environment of south Wales. J Med Microbiol. 1996;
45: 133-137.
Hafiz S, Oakley CL. Clostridium difficile: isolation and
characteristics. J Med Microbiol. 1976; 9: 129-136.
Lindberg RB, Wetzler TF, Marshall JD, et al. The bacterial
flora of battle wounds at the time of debridement. A study of

18.
19.

20.

21.

22.

the Korean battle casualty. Ann Surg. 1955; 141: 369-374.
Kim KH, Fekety R, Batts DH. Isolation of Clostridium
difficile from the environment and contacts of patients with
antibiotic-associated colitis. J Infect Dis. 1981; 143: 42-50.
Jhung MA, Thompson AD, Killgore GE, et al. Toxinotype
V Clostridium difficile in humans and food animals. Emerg
Infect Dis. 2008; 14: 1039-1045.
Brook I, Hannatu M, Wexlex EJ, et al. Antianaerobic
Antimicrobials: Spectrum and Susceptibility Testing. Clin
Microbiol Rev. 2013; 26: 526-546.
Freeman J, Wilcox MH. The effects of storage condition on
viability of Clostriduim difficile vegetative cells and spores
toxin activity in human feces. J Clin Microbiol. 2003; 56:
126-128.
Adegboyega TT. Environmental sources of C. difficile in
Lagos state Nigeria. J Health Med Nurs. 2014; 3: 1-5.
Costa MC, Reid-Smith R, Gow S, et al. Prevalence and
molecular characterization of Clostridium difficile isolated
from feedlot beef cattle upon arrival and mid-feeding period.
Biomed Centre Vet Res. 2012; 8: 38.
CLSI. Performance Standards for Antimicrobial Susceptibility
Testing; 18th Informational Supplement. M100-S18. Wayne,
PA: Clinical and Laboratory Standards Institute. 2008.
Weber DJ WA, Rutala MB, Huslage MK, et al. Role of hospital
surfaces in the transmission of emerging health care associated
pathogens: Norovirus, Clostridium difficile and Acinetobacter
species. American J Infect Cont. 2010; 38: 25-33.
Huang SS, Datta R, Platt R. Risk of acquiring antibioticresistant bacteria from prior room occupants. Arch Intern
Med. 2006; 166: 1945-1951.
Tariq BH, Mohammad A, Mike B, et al. PCR Detection of C.
difficile and its toxigenic strains in public places in southeast
Ohio. Inter J Microbiol Res. 2011; 2: 105-111.
Wilcox MH, Fawley WN, Wigglesworth N. Comparison
of effect of detergent versus hypochlorite cleaning on
environmental contamination and incidence of Clostridium
difficile infection. J Hosp Infect. 2003; 54: 109-114.
Simango C, Mwakurudza S. Clostridium difficile in broiler
chicken sold at market places in Zimbabwe and their
antimicrobial susceptibility. Inter J Food Microbiol. 2008;
124: 268-270.
Johnson S, Homann SR, Bettin KM. Treatment of
asymptomatic Clostridium difficile carriers (fecal excretors)
with vancomycin or metronidazole. A randomized, placebocontrolled trial. Ann Inter Med. 1992; 117: 297-302.
Borriello SP, Barclay FE. An in-vitro model of colonization
resistance to Clostridium difficile infection. J Med Microbiol.
1986; 21: 299-309.

© 2020 James H Doughari, et al. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
Microbiol Infect Dis, 2020

Volume 4 | Issue 4 | 4 of 4

