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1  | INTRODUCTION

Clostridium difficile (Clostridioides difficile) is a well‐known pathogen 
of humans and animals, responsible for several outbreaks in hospitals 
(Aldeyab et al., 2011; Martinez, Leffler, & Kelly, 2012; Pawar et al., 
2012), as well as losses and treatment costs in production (Moono 
et al., 2016; Nagy & Bilkei, 2003) and companion animals (Weber, 
Kroth, & Heil, 1989). This opportunistic bacterium can proliferate 
and produce toxins and disease when there is an event that causes 
a disruption of the normal microbiota (Crobach et al., 2018), mainly 

antibiotic therapy; the clinical manifestations of C. difficile infection 
(CDI) range from mild or moderate diarrhoea to fulminant and fatal 
pseudomembranous colitis (Cohen et al., 2010).

In the past decade, a large number of studies have focused on 
identifying the main reservoirs of C.  difficile and sources of con‐
tamination in order to elucidate the complete life cycle of the in‐
fection. Direct or indirect contact with an infected individual is 
a potential route of infection (Dionne et al., 2013; Crobach et al., 
2018), and healthcare settings have been classically identified as 
the main source of contamination (Enoch & Aliyun, 2012). However, 
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Abstract
Clostridium difficile is considered the leading cause of antibiotic‐associated disease 
worldwide. In the past decade, a large number of studies have focused on identifying 
the main sources of contamination in order to elucidate the complete life cycle of 
the infection. Hospitals, animals and retail foods have been considered as potential 
vectors. However, the prevalence of C. difficile in these types of samples was found 
to be rather low, suggesting that other contamination routes must exist. This study 
explores the presence of C. difficile in the natural environment and the seasonal dy‐
namics of the bacterium. C. difficile was isolated from a total of 45 samples out of 112 
collected (40.2%) on 56 sampling points. A total of 17 points were positive only dur‐
ing the winter sampling (30.4%), 10 were positive only during the summer sampling 
(17.9%) and 9 sampling points (16.1%) were positive in both summer sampling and 
winter sampling. Spore counts in soil samples ranged between 50 and 250 cfu/g for 
24.4% of the positive samples, with the highest concentrations detected in samples 
collected in the forest during winter campaign (200–250 cfu/g). A total of 17 differ‐
ent PCR ribotypes were identified, and 15 of them had the genes coding for toxins A 
and B. Most of those ribotypes had not previously been found or had been isolated 
only sporadically (<1% of samples) from hospitals in Belgium. Regarding antimicrobial 
susceptibility, most of the resistant strains were found during the summer campaign. 
These findings bear out that C. difficile is present in the natural environment, where 
the bacterium undergoes seasonal variations.
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there has been a recently observed increase in community‐acquired 
CDI (Leffler & Lamont, 2012), which can be even more severe than 
healthcare‐acquired infections (Ogielska et al., 2015). Recently, it 
has been suggested that C.  difficile‐colonized patients may be the 
most important unexplained reservoir for C. difficile (Crobach et al., 
2018).

Animals and retail foods have been repeatedly considered as 
potential vectors for C.  difficile transmission (Rodriguez, Seyboldt, 
& Rupnik, 2018; Durham, Olsen, Dubberke, Galvani, & Townsend, 
2016; Gould & Limbago, 2010; Rupnik, 2007). However, the prev‐
alence of the bacterium in these types of samples has been found 
to be rather low (Cho et al., 2015; Hoffer, Haechler, Frei, & Stephan, 
2015; Rodriguez et al., 2015; Shaughnessy et al., 2016), suggest‐
ing that other contamination routes in the environment must exist 
(Rodriguez et al., 2018).

Clostridium difficile is classically associated with the intestinal 
tract of humans and animals. However, it is possible that the primary 
habitat of the bacterium is soil, and some types have adapted them‐
selves to inhabit the gut niche after passage into the host by various 
forms of oral contamination, as in the case of other spore‐forming 
anaerobes (Haagsma, 1991). In this context, some studies have pre‐
viously investigated the presence of C. difficile in the environment, 
including soils and water samples (Janezic, Potocnik, Zidaric, & 
Rupnik, 2016). The bacterium has been recovered from soil samples 
taken from sand playgrounds and public gardens (Al‐Saif & Brazier, 
1996; Moono, Lim, & Riley, 2017; Orden et al., 2017), from environ‐
mental soil samples and puddle water (Janezic et al., 2016), from 
rivers (Zidaric, Beigot, Lapajne, & Rupnik, 2010) and from rural envi‐
ronments in close contact with farm animals (Bäverud, Gustafsson, 
Franklin, Aspan, & Gunnarsson, 2003; Simango & Mwakurudza, 
2008).

This study was designed as an in‐depth exploration of the pres‐
ence of C. difficile in the natural environment, specifically away from 
large urban cores and from animal farms, to discover new important 
reservoirs of the bacterium. Importantly, differences in the preva‐
lence, spore counts, PCR‐ribotype distribution and antibiotic resis‐
tance of the bacterium in nature during warm and cold months were 
also investigated.

2  | MATERIALS AND METHODS

2.1 | Study design and sample collection

The study was conducted over a total of four months in two phases, 
from November to December 2016 (winter sampling) and from May 
to June 2017 (summer sampling). Samples were collected in the 
Walloon municipality of Esneux, located in the Belgian province of 
Liège. This region has an average of 181  days of rainfall per year, 
with a mean total annual precipitation of 827  mm (data obtained 
from the Meteoblue database, developed at the University of Basel, 
Switzerland; www.meteo​blue.com). During the winter sampling 
(WS), daytime temperatures reached a minimum of 2°C and a maxi‐
mum of 8°C. During the summer sampling (SS), the highest daytime 

temperature reached 27°C, while the minimum recorded daytime 
temperature was 17°C.

Four different areas were sampled. Further information about 
each sampling area and the approximate distances between them 
are detailed in Figure 1 and Table S1. These areas support a rich 
wild fauna (Figure S1), in addition to being privileged zones for the 
recreation of pets, notably dogs, cats and horses. For each sam‐
pling point, soil samples were collected on two different sampling 
days (winter and summer sampling). Each sample was collected 
from the top of the soil (the uppermost 2  cm) in sterile 100  ml 
containers. Between 40 and 60 g of soil was sampled, potentially 
including mud, grass, moss, roots and stones depending on the 
sample point. In order to ensure that the sampling point was ex‐
actly the same in winter and summer sample collection, a straight 
metal shaft was firmly fixed in the soil (25 cm deep), in the coordi‐
nates indicated in Table S1. These rods were periodically checked 
(weekly or biweekly) through the entire study to ensure that they 
have not been removed before the second sampling day. Samples 
were stored at room temperature for a maximum of 3 days before 
processing.

2.2 | C. difficile detection

Culture of soil samples was performed following a protocol for C. diffi-
cile enumeration and detection based on the work of Delmée, Broeck, 
Simon, Janssen, and Avesani (2005). Briefly, 10 g of soil sample was 
inoculated into 40 ml of the medium cycloserine cefotaxime fructose 
taurocholate broth (CCFT) (Delmée, Vandercam, Avesani, & Michaux, 
1987), which was freshly prepared in the laboratory. Subsequently, 
100  µl of the broth was spread on cycloserine cefotaxime fructose 
agar with taurocholate (CCFAT) (Delmée et al., 1987), and the plates 
were incubated for 48 hr at 37°C in an anaerobic workstation Concept 
Plus (Led Techno, BE). Three parallel plates were used for each single 
sample. The rest of the broth was also incubated for 72 hr at 37°C 
under anaerobic conditions for C. difficile detection after enrichment. 
After incubation, a 10 μl aliquot of the enriched broth was spread onto 
CCFAT, and these plates were incubated anaerobically at 37°C for 
2 days. With this method, our limit of detection is 50 ufc/g for the 
direct culture and ≤10 ufc/g for the enrichment culture. Colonies of 
C. difficile were identified from culture plates by morphological criteria 
(irregular yellowish colonies with an appearance of ground glass and 
characteristic horse manure odour), subcultured onto blood agar (5% 
sheep blood; Biorad, BE) and checked using a rapid C.  difficile latex 
agglutination test kit (DR 1107A, Oxoid, FR). Multiple colonies were 
taken when morphologies suggested more than one type of PCR ri‐
botype or when the presumptive colonies were too small to ensure 
isolation on the blood agar. Confirmation of C. difficile was performed 
by detection of a species‐specific internal fragment of the tpi gene and 
detection of genes for toxin A, toxin B and binary toxin (cdtA) by classi‐
cal PCR (Rodriguez et al., 2013). For the enumeration in direct culture, 
if there was more than one colony in the same plate, we tested at least 
three of them by PCR to confirm C. difficile identity. For the rest, if 
they presented the same morphology as the others next and they were 

http://www.meteoblue.com
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positive using C. difficile latex agglutination test kit, we assumed to be 
C. difficile. All PCR reactions were run with a positive and negative con‐
trols. Confirmation of these results was performed using the Genotype 
Cdiff system (Lifescience, GE) for the tpi gene as well as all toxin genes.

2.3 | PCR ribotyping

PCR ribotyping based on capillary gel electrophoresis was per‐
formed using the primers described by Bidet, Barbut, Lalande, 
Burghoffer, and Petit (1999) and the method proposed by Fawley et 
al. (2015). International numbers were used for C. difficile strains that 
presented a PCR‐ribotype profile matching the Cardiff ribotypes 
(Anaerobic Reference Unit (ARU), UK) from the strain collection 
available in our laboratory. Otherwise, strains were identified with 
an internal system of nomenclature beginning with UCL (database at 
the Catholic University of Louvain, National Reference Laboratory 
for C. difficile in Belgium) or as rare profiles if the strains presented 
new PCR‐ribotype profiles never detected in our laboratory before. 
As capillary gel electrophoresis‐based PCR‐ribotyping was per‐
formed, results were further interpreted using the web‐based data‐
base WEBRIBO (http://webri​bo.ages.at). This web base application 
allows to obtain a ribotype identification for each typed isolate, and 
consequently it enables a rapid and easy inter‐laboratory exchange 
of data (Indra et al., 2008).

2.4 | Antimicrobial susceptibility testing

The antimicrobial resistance of C. difficile isolates was studied using 
a panel of six antibiotics.

Resistance to erythromycin (15 μg), vancomycin (5 μg), clindamy‐
cin (2 μg), tetracycline (30 μg), metronidazole (5 μg) and moxifloxacin 
(5 μg) (Oxoid) was tested through a disc diffusion assay on Brucella 
Blood Agar with hemin and vitamin K1 (Oxoid) according to the 
French Society of Microbiology protocols (SFM, 2017). Zone diame‐
ters were measured after 24 hr of anaerobic incubation at 37°C and 
interpreted as previously described (Rodriguez et al., 2014).

2.5 | Statistical methods

Statistical analysis was performed to evaluate the influence of dif‐
ferent parameters (season, direct and enrichment culture) using 
Fisher's test in GraphPad Prism version 7.00 for Windows, GraphPad 
Software, La Jolla California USA, www.graph​pad.com.

3  | RESULTS

3.1 | Prevalence of C. difficile in the environment

Overall, 112 soil samples were collected, including 56 samples during 
the WS and 56 samples during the SS. C. difficile was isolated from a 

F I G U R E  1   Geographic locations of the different areas sampled and approximate distances between them
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total of 45 samples (40.2%). Positive samples were detected as fol‐
lows: 17 positive samples were from collection points that tested posi‐
tive only during the WS (30.4%), 10 positive samples were from points 
that tested positive only during the SS (17.9%) and 9 samples (16.1%) 
were from points that tested positive during both the SS (n = 9) and 
the WS (n = 9). Therefore, the overall proportion of positive samples 
was highest in the WS. Eleven out of 45 samples (24.4%) tested posi‐
tive on direct culture; 9 of them (81.8%) were detected during the 
WS, while only 2 (18.2%) tested positive on direct culture during the 
SS. Soil samples had detectable levels of C. difficile ranging from 50 to 
250 cfu/g. All of the positive samples detected by direct culture were 
also positive after enrichment. By contrast, 34 out of 45 positive sam‐
ples (75.6%) were detected only after an enrichment step (Table 1). 
Statistical analysis showed a significant effect of seasonality in C. dif-
ficile detection by direct culture (p = 0.0089) with higher spore levels 
in soil during winter months.

The highest percentage of positive C. difficile soil samples was 
detected in the busiest areas, including residential and walking 
areas, parking lots and schools, with more than half of positive sam‐
ples collected from such areas (56.5%; 26 positive samples out of 
46 samples studied from those areas). The next highest prevalence 
was found in farmlands and their surroundings (30.8%; 8 positive 

samples out of 26 samples studied from those areas). Forested areas 
had a very similar prevalence (27.5%; 11 positive samples out of 40 
samples studied from those areas). Samples from busy areas were 
more frequent positive for C. difficile by direct culture than the two 
other areas investigated. Nevertheless, the highest concentrations 
of C. difficile spores were detected in samples collected in the forest 
(200–250 cfu/g) (Table 1).

3.2 | Characterization of C. difficile strains isolated 
from soil samples

A total of 20 different PCR ribotypes were identified among the 
45 positive samples. Following our internal nomenclature, only 4 
of these PCR ribotypes had profiles that corresponded to the ARU 
Cardiff collection (PCR ribotypes 003, 014, 020 and 039), while 
using WEBRIBO we have been able to identify with the interna‐
tional nomenclature one additional type (449). The remaining PCR 
ribotypes (n = 15) were identified with an internal system of nomen‐
clature (beginning with UCL). The most prevalent PCR ribotype was 
identified as 039 (UCL9) (non‐toxigenic strains), isolated in a total of 
11 samples, followed by PCR ribotype 020, isolated from 7 samples 
(Table 2). PCR ribotype 039 was detected more frequently in busy 

TA B L E  2   PCR ribotypes, toxin gene profiles and antimicrobial susceptibility of C. difficile PCR ribotypes isolated from soil samples

PCR ribotype 
(Webribo)

Number of isolates Toxin gene profile Antibiotic susceptibility profile (number of isolates)

WS SS Total tcdA tcdB cdtA Va‐R Met‐R Mox‐R Clin‐R Te‐R E‐R

003 (003) 2 0 2 + + − S S S S S S

014 (014) 1 0 1 + + − S S S S S S

020 (020) 4 3 7 + + − S S S R (n = 2 SC) S S

039 (039) 6 5 11 − − − S S S R (n = 1 WC; 
n = 3 SC)

S R (n = 1 WC)

UCL15 (NR) 1 0 1 + + − S S S S S S

UCL16 (NR) 2 2 4 + + − S S S R S S

UCL16a (NR) 0 1 1 + + − S S S R S S

UCL16b (NR) 1 1 2 + + − S S R R S S

UCL16b*(449) 0 1 1 + + − S S R R S S

UCL16L (NR) 1 0 1 + + − S S S S S S

UCL20a (NR) 0 1 1 + + − S S S R S S

UCL36 (NR) 0 1 1 − − − S S S S S S

UCL46 (NR) 2 1 3 + + − R (n = 1 SC) S S R (n = 1 SC) S R (n = 1 SC)

UCL48b (NR) 1 0 1 + + − S S S S S S

UCL48d (NR) 1 0 1 + + − S S S R (n = 1 SC) S S

UCL55a (NR) 1 0 1 + + − S S S S S S

UCL86 (NR) 1 0 1 + + − S S S S S S

UCL122 (NR) 0 1 1 + + − S S S S S S

UCL540 (NR) 0 1 1 + + − S S S R S S

Rare profile 
(NR)

2 2 4 + + − S S S S S S

Abbreviations: Clin‐R, clindamycin resistance; E‐R, erythromycin resistance; Met‐R, metronidazole resistance; Mox‐R, moxifloxacin resistance; NR, 
new ribotype; R, resistant; S, susceptible; Te‐R, tetracycline resistance; Va‐R, vancomycin resistance; WC, summer sampling; WS, winter sampling.
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areas (n = 7) and forest areas (n = 4) than in other areas. Almost all 
the strains identified as PCR ribotype 020 (n = 7) were detected in 
busy areas, with the exception of one isolate that was collected in 
the forest. The same PCR ribotypes were detected by direct culture 
and enrichment in most of the samples that were positive after both 
analyses. However, in a single sample (from a forest (A22)), differ‐
ent PCR ribotypes were detected by direct culture (PCR ribotype 
039) and after enrichment (PCR ribotype 020). Only two subtypes 
of areas (sample points D6 and D8) yielded the same PCR ribotypes 
(039 and 020) during both the WS and the SS (Table 1).

Thirty‐three isolates (18 different PCR ribotypes) had the genes 
encoding for toxins A and B; therefore, they were identified as toxi‐
genic. None of the strains presented the cdtA gene coding for binary 
toxin CDT. No association was observed between the WS or SS and 
the isolation of toxigenic versus non‐toxigenic strains.

3.3 | C. difficile antimicrobial susceptibility

All of C. difficile isolates collected during summer sampling and winter 
sampling were fully susceptible to metronidazole and tetracycline. 
Regarding vancomycin, only one isolate, recovered during summer 
sampling and identified as PCR‐ribotype UCL46, was resistant to this 
antibiotic. Moxifloxacin resistances were found in only two isolates 
(PCR‐ribotypes UCL16b and 449), which were obtained from samples 
collected in summer and winter sampling. Similarly, erythromycin re‐
sistances were found in two additional isolates (039 and UCL46) in 
winter sampling and summer sampling, respectively. Finally, a great 
number of isolates presented resistances to clindamycin, and they 
were found in both sampling periods (Table 2). Multidrug resistances 
were identified for clindamycin and erythromycin; moxifloxacin and 
clindamycin; and vancomycin, clindamycin and erythromycin. Isolates 
with antimicrobial resistances were obtained mainly from busy areas 
(parking and walking areas) and from farmlands.

4  | DISCUSSION

This study refers to the presence of C.  difficile in environmental 
soil samples in different locations and across winter and summer. 
Forty‐two per cent of soil samples tested positive for the bacterium, 
and among them, 73% harboured toxigenic strains. All the samples 
tested corresponded to the top layer of the soil (the uppermost 
2 cm). These findings confirm the results of previous studies report‐
ing that C. difficile is very prevalent in different soils (Rodriguez et al., 
2018; Janezic et al., 2016; Moono et al., 2017). Furthermore, some 
of the PCR‐ ribotypes found are the same as those isolated from 
humans and animals.

Studies addressing the presence of C. difficile in the natural envi‐
ronment are less numerous than those investigating the bacterium 
in foods and animals (Rodriguez et al., 2018). There are recent stud‐
ies describing its presence in wastewater treatment plants or rivers 
(Moradigaravand et al., 2018; Zidaric et al., 2010), with some of them 
performed in soil farms (Bäverud et al., 2003) and in other rural areas 

(Janezic et al., 2016; Simango, 2006) or public environments (Al‐Saif 
& Brazier, 1996; Moono et al., 2017; Orden et al., 2017). Wastewater 
treatment plants are highly contaminated, with up to 96% of samples 
being positive (Romano et al., 2012; Xu, Weese, Flemming, Odumeru, 
& Warriner, 2014; Nikaeen, Aghili‐Dehnavi, Hssanzadeh, & Jalali, 
2015). Common ribotypes associated with CDI were found in these 
types of samples, suggesting that humans are the main source of this 
contamination and that effluent can contribute to the dissemination 
of the spores in the environment (Moradigaravand et al., 2018; Xu 
et al., 2014). In this context, C. difficile was reported to be present in 
68% of positive samples from rivers near densely populated areas, 
with the same predominant ribotypes found in hospitals (Zidaric et 
al., 2010). Regarding public environments, such as parks and other 
playgrounds, the available data are not yet conclusive, since the 
reported prevalence varies from zero detection to 52% (Al‐Saif & 
Brazier, 1996; Orden et al., 2017). In this study, the overall preva‐
lence found (40.2%) matched with the data reported previously from 
environmental samples. Considering each type of area separately, 
walking and residential areas were the environments with the highest 
positive rates of C. difficile (56.5% of total samples in this category). 
These areas are frequented every day not only by domestic animals 
(dogs and cats) but also by various aquatic birds (Figure S1). Aquatic 
birds could be contaminated by C. difficile spores from water sources 
(like nearby rivers) and spreading them to the forest. Regarding dogs, 
C. difficile has been previously reported with a prevalence varying be‐
tween 4.8% and 11.9% (Alvarez‐Perez, Blanco, Harmanus, Kuijper, & 
Garcia, 2017; Diniz et al., 2017). Sandboxes used by dogs have been 
also reported to be contaminated with a C. difficile rate of 60% (12 
positive sandboxes out of 20 tested) (Orden et al., 2017). Regarding 
the results of our study, it is possible that dogs and are colonized by 
C. difficile after contact with soil, which is contaminated with spore 
levels of 50–100 cfu/g in busy areas. Most of the available studies 
reported low levels of C. difficile spores in foods, animals or in the en‐
vironment, as in most of them the bacterium was only detected after 
anaerobic enrichment. The infectious dose for C.  difficile in human 
disease is still unknown. In a previous study using animal models, in‐
fection occurred after a very small dose of C. difficile (less than 10 
ufc) in hamsters under antibiotic therapy (Larson & Borriello, 1990). 
Similarly, a further study estimated that the environmental spore 
load required to infect 50% of those naïve mice exposed for 1 hr in 
a closed cage was 5–10 spores/cm2 (Lawley et al., 2010). Regarding 
this data, it seems that a small number of C. difficile spores to cause 
CDI in susceptible individuals. Although the risk factors for the infec‐
tion in the community are not fully understood, it has been suggested 
that continuous exposure to these contamination sources over days, 
weeks or even years can finally trigger the infection (Rupnik, 2010; 
Weese, Avery, Rousseau, & Reid‐Smith, 2009).

Clostridium difficile was detected in farmlands and forest with 
similar prevalence (30.8% and 27.5%, respectively). A previous study 
reported the survival of C. difficile in manure compost derived from 
pigs, which can potentially contaminate the land (Usui et al., 2017). 
Bäverud et al., (2003) reported the presence of C. difficile spores in 
outdoor soil samples from farms with mature horses and from stud 
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farms, with a prevalence ranging between 1% and 11%, respectively. 
Furthermore, in the present study, the sampling points in farmlands 
and surroundings were located close to forests, which means that 
there is a constant circulation of native fauna (Figure S1). Although 
data regarding the intestinal carriage of C. difficile in wild animals are 
very limited, there is some evidence in the literature that indicates 
a prevalence similar to that in companion species. The presence of 
C. difficile has been previously reported in rodents and birds living near 
farms (Andres‐Lasheras et al., 2017) and in a few other wild animals 
with a prevalence of up to 6.5% (Silva, Ribeiro de Almeida, et al., 2014 
and Silva, D'Elia, et al., 2014; Jardine, Reid‐Smith, Rousseau, & Weese, 
2013). However, a further study reported zero prevalence of C. difficile 
in wild passerine birds (Bandelj et al., 2011). Therefore, it is not clear to 
what extent wild animals (and eventually dogs, horses, and human pe‐
destrians), contribute to this soil contamination in forests. Surprisingly, 
the highest spore count (250 cfu/g) was found in this area.

Other unexpected findings included the differences found in 
terms of prevalence, detection and spore counts during the WS and 
SS. The results indicate that C. difficile is more abundant in the soil 
during winter months than during summer months in this region. 
A few other studies in humans and food have reported possible 
C. difficile seasonality. In previous studies in hospitals in Taiwan and 
Australia, the incidence of CDI was found to be highest in March 
and lowest in the last quarter of the year (Lee, Hung, Lin, Tsai, & 
Ko, 2016; Worth, Spelman, Bull, Brett, & Richards, 2016). A further 
review on CDI seasonality reports a similar seasonal pattern in the 
Northern and Southern hemispheres, with a peak in spring and lower 
frequencies in summer and autumn (Furuya‐Kanamory et al., 2015). 
Our study did not include a spring campaign, but we observed lower 
levels of C. difficile in the SS than in the WS. Similar situations match‐
ing our findings were reported in the incidence of CDI in a German 
hospital (Reil et al., 2012) and in the prevalence of C. difficile in retail 
meat in Canada (Rodriguez‐Palacios et al., 2009). It is not clear why 
C. difficile counts in soils are lower in summer than in winter. People 
and their pets frequent the investigated areas more often in the sum‐
mer months than in the freezing months. Therefore, natural soils and 
not pets may be the main reservoir and source of contamination for 
C. difficile, and animals and humans may contribute to the spread of 
the bacterium. On the contrary, it is possible that the decrease in the 
number of spores in soils during summer months could be related 
with the temperature. An increase in temperature increases proto‐
zoal activity. These protozoa could act as predators, attack indige‐
nous soil bacteria and reduce their numbers. The outcome of this 
might be that some bacterial populations could be reduced (Casida, 
1989), and therefore have an impact in C. difficile spore counts. In 
cattle, it has been reported that the bacterial composition of fau‐
nated and unfaunated animals are significantly different, with higher 
numbers of Clostridia in unfaunated cattle (protozoa elimination from 
the rumen) than in faunated cattle (Ozutsumi, Tajima, Takenaka, & 
Itabashi, 2005). Further studies are needed to investigate the impact 
of this hypothesis in the prevalence of C. difficile prevalence in soils.

Unexpectedly, a great variety of PCR ribotypes were found in 
soil. Four PCR ribotypes identified in this study (014, 020, UCL46 

and UCL48d) were found in 3%–10% of human samples in 2016 in 
Belgium (Lambert, 2017). Surprisingly, most of the PCR ribotypes 
identified in the study, including UCL46, UCL58d, ULCL9, 039 
among others, had not previously been found or had been iso‐
lated only sporadically (less than 1%) in hospitals in this country. 
Regarding antimicrobial susceptibility, no association between the 
areas studied and the isolation of drug‐resistant strains could be 
established. However, a great number of the resistant strains were 
found during the summer sampling. Seasonal variations in drug re‐
sistance have not been previously described for C. difficile but has 
been suggested for other bacteria (Pathak, Bhattacherjee, & Ray, 
1993). For some bacteria, such as Streptococcus pneumoniae and 
Escherichia coli, seasonality in drug resistance has been explained by 
the fact that there are also fluctuations in antibiotic use, which is es‐
pecially high during the winter months (Sun, Klein, & Laxminarayan, 
2012; Dagan et al., 2008). However, in the environment it has re‐
cently been reported that seasonal variations strongly influence 
specific transport patterns of tetracycline resistance genes (Keen, 
Knapp, Hall, & Graham, 2018). Therefore, the results of the present 
study highlight the need for further investigations in this area.

In conclusion, our results show that even in forest areas that 
are not heavily frequented by humans and their pets, C. difficile is 
present in the soil, with even higher spore levels than in busy areas. 
Therefore, contamination from soils probably occurs, but in addi‐
tion to the degree of bacterial exposure (high in populated areas and 
low in wild areas), there is probable an element of bacterial adap‐
tive character according to the type of animal, its body tempera‐
ture, its diet and, therefore, its intestinal microbiota (Sonnenburg 
et al., 2016). In the human microbiota, according to a recent report, 
the total proportion of spore‐forming bacteria shows high variabil‐
ity, with a high turnover of such bacteria over time (Browne et al., 
2016). These findings combined with transmission dynamics and 
geographical areas could be the key to a better understanding of 
the epidemiology of C. difficile in both humans and animals.

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

ETHICAL APPROVAL

Authors declare that Ethical Statement is not applicable.

ORCID

Cristina Rodriguez   https://orcid.org/0000-0002-2442-2908 

REFERENCES

Aldeyab, M. A., Devine, M. J., Flanagan, P., Mannion, M., Craig, A., Scott, 
M. G., … Kearney, M. P. (2011). Multihospital outbreak of Clostridium 
difficile ribotype 027 infection: Epidemiology and analysis of control 
measures. Infection Control and Hospital Epidemiology, 32, 210–219.

https://orcid.org/0000-0002-2442-2908
https://orcid.org/0000-0002-2442-2908


     |  9RODRIGUEZ et al.

Al‐Saif, N., & Brazier, J. S. (1996). The distribution of Clostridium difficile 
in the environment of South Wales. Journal of Medical Microbiology, 
45, 133–137.

Andres‐Lasheras, S., Bolea, R., Mainar‐Jaime, R. C., Kuijper, E., Sevilla, E., 
Martin‐Burriel, I., & Chirino‐Trejo, M. (2017). Presence of Clostridium 
difficile in pig faecal samples and wild animal species associated with 
pig farms. Journal of Applied Microbiology, 122, 462–472.

Alvarez‐Perez, S., Blanco, J. L., Harmanus, C., Kuijper, E. J., & Garcia, M. E. 
(2017). Prevalence and characteristics of Clostridium difficile in dogs 
and cats attended in diverse veterinary clinics from the Madrid re‐
gion. Anaerobe, 48, 47–55.

Bandelj, P., Trilar, T., Zadravec, M., Pirs, T., Avbersek, J., Micunovic, J., 
… Vengust, M. (2011). Zero prevalence of Clostridium difficile in wild 
animals passerine birds in Europe. FEMS Microbiology Letters, 32, 
183–185.

Bäverud, V., Gustafsson, A., Franklin, A., Aspan, A., & Gunnarsson, 
A. (2003). Clostridium difficile: Prevalence in horses and environ‐
ment, and antimicrobial susceptibility. Equine Veterinary Journal, 35, 
465–471.

Bidet, P., Barbut, F., Lalande, V., Burghoffer, B., & Petit, J. C. (1999). 
Development of a new PCR‐ribotyping method based on ribosomal 
RNA gene sequencing. FEMS Microbiology Letters, 175, 261–266.

Browne, H. P., Forster, S. C., Anonye, B. O., Kumar, N., Neville, B. A., 
Stares, M. D., … Lawley, T. D. (2016). Culturing of unculturable human 
microbiota reveals novel taxa and extensive exporulation. Nature, 
533, 543–546.

Casida, L. E. (1989). Protozoan response to the addition of bacterial 
predators and other bacteria to soil. Applied and Environmental 
Microbiology, 55, 1857–1859.

Cho, A., Byun, J. W., Kim, J. W., Oh, S. I., Lee, M. H., & Kim, H. Y. (2015). 
Low prevalence of Clostridium difficile in slaughter pigs in Korea. 
Journal of Food Protection, 78, 1034–1036.

Cohen, S. H., Gerding, D. N., Johnson, S., Kelly, C. P., Loo, V. G., McDonald, 
L. C., … Infectious Diseases Society of America. (2010). Clinical prac‐
tice guidelines for Clostridium difficile infection in adults: 2010 up‐
date by the society for healthcare epidemiology of America (SHEA) 
and the infectious disease society of America (IDSA). Infection Control 
Hospital Epidemiology, 31, 431–455.

Crobach, M. J. T., Vernon, J. J., Loo, V. G., Kong, L. Y., Péchiné, S., Wilcox, 
M. H., & Kuijper, E. J. (2018). Understanding C. difficile colonisation. 
Clinical Microbiology Reviews, 31(2), e00021-17. 

Dagan, R., Barkai, G., Givon‐Lavi, N., Sharf, A. Z., Vardy, D., Cohen, 
T., … Greenberg, D. (2008). Seasonality of antibiotic‐resistance 
Streptococcus pneumoniae that causes acute otitis media: A clue for 
an antibiotic‐restriction policy? Journal of Infection Diseases, 197, 
1094–1102.

Delmée, M., Van Broeck, J., Simon, A., Janssen, M., & Avesani, V. (2005). 
Laboratory diagnosis of Clostridium difficile‐associated diarrhoea: A 
plea for culture. Journal of Medical Microbiology, 54, 187–191.

Delmée, M., Vandercam, B., Avesani, V., & Michaux, J. L. (1987). 
Epidemiology and prevention of Clostridium difficile infections in a 
leukaemia unit. European Journal of Clinical Microbiology, 6, 623–627.

Dionne, L. L., Raymond, F., Corbeil, J., Longtin, J., Gervais, P., & Longtin, 
Y. (2013). Correlation between Clostridium difficile bacterial load, 
commercial real‐time PCR cycle thresholds, and results of diagnos‐
tics tests based on enzyme immunoassay and cell culture cytotoxic‐
ity assay. Journal of Clinical Microbiology, 51, 3624–3630.

Diniz, A. N., Coura, F. M., Rupnik, M., Adams, V., Stent, T. L., Rood, J. 
L., … Silva, R. O. S. (2017). The incidence of Clostridioides difficile 
and Clostridium perfringens netF‐positive strains in diarrheic dogs. 
Anaerobe, 49, 58–62.

Durham, D. P., Olsen, M. A., Dubberke, E. R., Galvani, A. P., & Townsend, 
J. P. (2016). Quantifying transmission of Clostridium difficile within 
and outside healthcare settings. Emerging Infectious Diseases, 22, 
608–616.

Enoch, D. A., & Aliyun, S. H. (2012). Is Clostridium difficile infection still a 
problem for hospitals? CMAJ, 184, 17–18.

Fawley, W. N., Knetsch, C. W., MacCannell, D. R., Harmanus, C., Du, T., 
Mulvey, M. R., … Wilcox, M. H. (2015). Development and validation 
of an internationally‐standarized, high resolution capillary gel‐based 
electrophoresis PCR‐ribotyping protocol for Clostridium difficile. 
PLoS ONE, 10(2), e0118150.

Furuya‐Kanamory, L., McKenzie, S. J., Yakob, L., Clark, J., Paterson, D. L., 
Riley, T. V., & Clements, A. C. (2015). Clostridium difficile infection 
seasonality: Patterns across hemispheres and continents‐ a system‐
atic review. PLoS ONE, 10, e0120730.

Gould, L. H., & Limbago, B. (2010). Clostridium difficile in food and domes‐
tic animals: A new foodborne pathogen? Clinical Infection Diseases, 
51, 577–582.

Haagsma, J. (1991). Pathogenic anaerobic bacteria and the environ‐
ment. Scientific and Technical Review of the Office International Des 
Epizooties, 10, 749–764. Rev. Sci. Tech. off. Int. Epiz., 10, 749–764.

Hoffer, E., Haechler, H., Frei, R., & Stephan, R. (2015). Low occurrence 
of Clostridium difficile in faecal samples of healthy calves and pigs 
at slaughter and in minced in Switzerland. Journal of Food Protection, 
73, 973–975.

Indra, A., Huhulescu, S., Schneeweis, M., Schneeweis, M., Hasenberger, 
P., Kernbichler, S., … Kuijper, E. J. (2008). Characterization of 
Clostridium difficile isolates using capillary gel electrophoresis‐
based PCR‐ribotyping. Journal of Medical Microbiology, 57(Pt11), 
1377–1382.

Janezic, S., Potocnik, M., Zidaric, V., & Rupnik, M. (2016). Highly diver‐
gent Clostridium difficile strains isolated from the environment. PLoS 
ONE, 11, e0167101.

Jardine, C. M., Reid‐Smith, R. J., Rousseau, J., & Weese, J. S. (2013). 
Detection of Clostridium difficile in small and medium‐sized wild 
mammals in Southerm Ontario, Canada. Journal of Wild Life Diseases, 
49, 418–421.

Keen, P. L., Knapp, C. W., Hall, K. J., & Graham, D. W. (2018). Seasonal 
dynamics of tetracycline resistance gene transport in the Sumas river 
agricultural wastershed of Bristish Columbia, Canada. Science of Total 
Environment, 628–629, 490–498.

Lambert, M. L. (2017). Epidémiologie des infections à Clostridium difficile 
en Belgique. Rapport 2017. Institut scientifique de Santé Publique, 
Division Opérationelle Santé Publique et Surveillance, available at 
www.wiv-isp.be.

Larson, H. E., & Borriello, S. P. (1990). Quantitative study of antibiotic‐in‐
duced susceptibility to Clostridium difficile enterocecitis in hamsters. 
Antimicrobial Agents Chemotherapy, 34, 1348–1353.

Lawley, T. D., Clare, S., Deakin, L. J., Goulding, D., Yen, J. L., Raisen, C., 
… Dougan, G. (2010). Use of purified Clostridium difficile spores to 
facilitate evaluation of health care disinfection regimens. Applied and 
Environmental Microbiology, 76, 6895–6900.

Lee, J. C., Hung, Y. P., Lin, H. J., Tsai, P. J., & Ko, W. C. (2016). Clostridium 
difficile infections in medical intensive care units of a medical center 
in Southern Taiwan: Variable seasonality and disease severity. PLoS 
ONE, 11, e0160760.

Leffler, D. A., & Lamont, J. T. (2012). Editorial: Not so nosocomial any‐
more: The growing threat of community acquired Clostridium difficile. 
American Journal of Gastroenterology, 107, 96–98.

Martinez, F. J., Leffler, D. A., & Kelly, C. P. (2012). Clostridium difficile 
outbreaks: Prevention and treatment strategies. Risk Management 
Heatlhcare Policy, 5, 55–64.

Moono, P., Lim, S. C., & Riley, T. V. (2017). High prevalence of toxigenic 
Clostridium difficile in public space lowns in Western Australia. 
Scientific Reports, 7, 41196.

Moono, P., Foster, N. F., Hampson, D. J., Knight, D. R., Bloomfield, L. E., 
& Riley, T. V. (2016). Clostridium difficile infection in production ani‐
mals and avian species: A review. Foodborne Pathogens and Disease, 
13, 647–655.

http://www.wiv-isp.be


10  |     RODRIGUEZ et al.

 Moradigaravand, D.,  Gouliouris, T.,  Ludden, C.,  Reuters, S.,  Jamrozy, 
D.,  Blane, B.,  Naydenova, P., …  Peacock, S. (2018). Genomic survey 
of Clostridium difficile reservoirs in the East of England implicates 
environmental contamination of wasterwater treatment plants by 
clinical lineages. Microbial Genomics. 4(3), e000162.

Nagy, J., & Bilkey, G. (2003). Neonatal piglet losses associated with 
Escherichia coli and Clostridium difficile infection in a Slovakian out‐
door production unit. Veterinary Journal, 166, 98–100.

Nikaeen, M., Aghili‐Dehnavi, H., Hssanzadeh, A., & Jalali, M. (2015). 
Ocurrence of Clostridium difficile in two types of waster treatment 
plants. Journal of Formosan Medical Association, 114, 663–665.

Ogielska, M., Lanotte, P., Le Brun, C., Valentin, A. S., Garot, D., Tellier, 
A. C., … Bernard, L. (2015). Emergence of community‐acquired 
Clostridium difficile infection: The experience of a French hospital and 
review of the literature. International Journal of Infection Diseases, 37, 
36–41.

Orden, C., Neila, C., Blanco, J. L., Alvarez‐Perez, S., Harmanus, C., Kuijper, 
E. J., & Garcia, M. E. (2017). Recreational sandboxes for children and 
dogs can be a source of epidemic ribotypes of Clostridium difficile. 
Zoonoses Public Health, 65, 88‐95.

Ozutsumi, Y., Tajima, K., Takenaka, A., & Itabashi, H. (2005). The effect 
of Protozoa on the composition of rumen bacteria in cattle using 16S 
rRNA gene clone libraries. Bioscience Biotechnology and Biochemistry, 
69, 499–506.

Pathak, S. P., Bhattacherjee, J. W., & Ray, P. K. (1993). Seasonal varia‐
tion in survival and antibiotic resistance among various bacterial 
populations in a tropical river. The Journal of General and Applied 
Microbiology, 39, 47–56.

Pawar, D., Tsay, R., Nelson, D. S., Elumalai, M. K., Lessa, F. C., Clifford 
McDonald, L., & Dumyati, G. (2012). Burden of Clostridium difficile 
infection in long‐term care facilities in Monroe Country, New York. 
Infection Control and Hospital Epidemiology, 33, 1107–1112.

Reil, M., Hensgens, M. P., Kuijper, E. J., Jakobiak, T., Gruber, H., Kist, M., & 
Borgmann, S. (2012). Seasonality of Clostridium difficile infections in 
Sothern Germany. Epidemiology and Infection, 140, 1787–1793.

Rodriguez Diaz, C., Seyboldt, C., & Rupnik, M. (2018). Non‐human C. dif-
ficile reservoirs and sources: Animals, food, environment. Advances in 
Experimental Medicine and Biology, 1050, 227–243.

Rodriguez, C., Korsak, N., Taminiau, B., Avesani, V., Van Broeck, J., Brach, 
P., … Daube, G. (2015). Clostridium difficile from food and surface 
samples in a Belgian nursing home: An unlikely source of contamina‐
tion. Anaerobe, 32, 87–89.

Rodriguez, C., Taminiau, B., Avesani, V., Van Broeck, J., Delmée, M., & 
Daube, G. (2014). Multilocus sequence typing analysis and antibiotic 
resistance of Clostridium difficile strains isolated from retail meat and 
humans in Belgium. Food Microbiology, 42, 166–171.

Rodriguez, C., Avesani, V., Van Broeck, J., Taminiau, M., Delmée, M., & 
Daube, G. (2013). Presence of Clostridium difficile in pigs and cattle 
intestinal contents and carcass contamination at the slaughter in 
Belgium. International Journal of Food Microbiology, 166, 256–262.

Rodriguez‐Palacios, A., Reid‐Smith, R. J., Staempfli, H. R., Daignault, D., 
Jarecko, N., Avery, B. P., … Weese, J. S. (2009). Possible seasonal‐
ity of Clostridium difficile in retail meat, Canada. Emerging Infectious 
Diseases, 15, 802–805.

Romano, V., Pasquale, V., Krovacek, K., Mauri, F., Demarta, A., & 
Dumontet, S. (2012). Toxigenic Clostridium difficile PCR‐ribotypes 
from wastewater treatment plants in southern Switzerland. Applied 
and Environmental Microbiology, 78, 6643–6646.

Rupnik, M. (2010). Clostridium difficile: (re) emergence of zoonotic poten‐
tial. Clinical Infectious Diseases, 1050, 227–243.

Rupnik, M. (2007). Is Clostridium difficile‐associated infection a poten‐
tially zoonotic and foodborne disease? Clinical Microbiology and 
Infection, 13, 457–459.

Shaughnessy, M. K., Bobr, A., Kuskowski, M. A., Johnston, B. D., 
Sadowsky, M. J., Khoruts, A., & Johnson, J. R. (2016). Environmental 

contamination in households of patients with recurrent Clostridium 
difficile infection. Applied and Environmental Microbiology, 82, 
2686–2692.

Silva, R. O., Ribeiro de Almeida, L., Oliveira Junior, C. A., de Magalhaes 
Soares, D. F., Pereira, P. L., Rupnik, M., & Lobato, F. C. (2014). Carriage 
of Clostridium difficile in free‐living South American coati (Nasua 
nasua) in Brazil. Anaerobe, 30, 99–101.

Silva, R. O., D'Elia, M. L., Tostes Teixeira, E. P., Pereira, P. L., de Magalhaes 
Soares, D. F., Calvancati, A. R., Kocuvan, A., …Lobato, F.C. (2014). 
Clostridium difficile and Clostridium perfringens from wild carnivore 
species in Brazil. Anaerobe, 28, 207–211.

Simango, C. (2006). Prevalence of Clostridium difficile in the environ‐
ment in a rural community in Zimbabwe. Transactions of the Royal 
Society of Tropical Medicine and Hygene, 100(12), 1146–1150.

Simango, C., & Mwakurudza, S. (2008). Clostridium difficile in broiler 
chickens sold at market places in Zimbabwe and their antimicro‐
bial susceptibility. International Journal of Food Microbiology, 124, 
268–270.

Société Française de Microbiologie. (2017) http://www.sfm-micro​biolo​
gie.org/

Sonnenburg, E. D., Smits, S. A., Tikhonov, M., Higginbottom, S. K., 
Wingreen, N. S., & Sonnenburg, J. L. (2016). Diet‐induced extin‐
tions in the gut microbiota compound over generations. Nature, 529, 
212–215.

Sun, L., Klein, E. Y., & Laxminarayan, R. (2012). Seasonality and temporal 
correlation between community antibiotic use and resistance in the 
United States. Clinical Infection Diseases, 55, 687–694.

Usui, M., Kawakura, M., Yoshizawa, N., San, L. L., Nakajima, C., Suzuki, Y., 
& Tamura, Y. (2017). Survival and prevalence of Clostridium difficile in 
manure compost derived from pigs. Anaerobe, 43, 15–20.

Weber, A., Kroth, P., & Heil, G. (1989). The occurrence of Clostridium dif-
ficile in fecal samples of dogs and cats. Zentralbl Veterinarmed, 36, 
568–576.

Weese, J. S., Avery, B. P., Rousseau, J., & Reid‐Smith, R. J. (2009). 
Detection and enumeration of Clostridium difficile spores in re‐
tail beef and pork. Applied and Environmental Microbiology, 75, 
5009–5011.

Worth, L. J., Spelman, T., Bull, A. L., Brett, J. A., & Richards, M. J. 
(2016). Epidemiology of Clostridium difficile infections in Australia: 
Enhanced surveillance to evaluate time trends and severity of 
illness in Victoria, 2010–2014. Journal of Hospital Infection, 93, 
280–285.

Xu, C., Weese, J. S., Flemming, C., Odumeru, J., & Warriner, K. (2014). Fate 
of Clostridium difficile during wastewater treatment and incidence in 
Southern Ontario watersheds. Journal of Applied Microbiology, 117, 
891–904.

Zidaric, V., Beigot, S., Lapajne, S., & Rupnik, M. (2010). The occur‐
rence and high diversity of Clostridium difficile genotypes in rivers. 
Anaerobe, 16, 371–375.

SUPPORTING INFORMATION

Additional supporting information may be found online in the 
Supporting Information section at the end of the article.  

How to cite this article: Rodriguez C, Bouchafa L, Soumillion 
K, et al. Seasonality of Clostridium difficile in the natural 
environment. Transbound Emerg Dis. 2019;00:1–10. https​://
doi.org/10.1111/tbed.13301​

http://www.sfm-microbiologie.org/
http://www.sfm-microbiologie.org/
https://doi.org/10.1111/tbed.13301
https://doi.org/10.1111/tbed.13301

