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A B S T R A C T

Background: Clostridioides (Clostridium) difficile transmission between community and healthcare settings has 
been increasingly reported. We aimed to identify the prevalence and molecular epidemiology of C. difficile 
colonising adolescents and non-hospitalised children in Cambodia.
Methods: Stool samples were collected from 266 students at the University of Health Sciences (UHS) in Phnom 
Penh, between July and August 2022, and 246 children ≥1 year old visiting the outpatient department (OPD) at 
Angkor Hospital for Children in Siem Reap, between January and August 2022. C. difficile culture, toxin gene 
detection and PCR ribotyping were performed.
Results: Overall, C. difficile was recovered from 07/266 specimens (2.6 %) from UHS students and 59/246 
specimens (23.9 %) from OPD children. The overall prevalence of C. difficile in children peaked in April, and of 
toxigenic strains peaked in August. Children with loose stools were less likely to be colonised by C. difficile (COR 
= 0.05, 95 %CI: 0.008–0.32) than children with normal stools. UHS students were colonised only by toxigenic 
C. difficile. Of the 66 isolates, 36 % (24/66) were toxigenic: C. difficile ribotype (RT) 017 was the most pre
dominant, followed by RTs 012, 046, 056, QX709, 001, 014/020 and QX710. Non-toxigenic strains accounted for 
35 RTs including 32 novel RTs that had not been isolated previously.
Conclusions: The findings of only toxigenic strains in adolescents and the high prevalence of C. difficile in OPD 
children suggest exposure to C. difficile within the community; thus, appropriate interventions may be needed. 
Genotypic identification of diverse C. difficile is important for molecular epidemiological purposes.

1. Introduction

Clostridium (Clostridioides) difficile is known to cause antimicrobial- 
associated diarrhoea (AAD), one of the most common hospital- 
associated infections (HAIs) [1]. However, community-associated 

C. difficile infection (CA-CDI) has been increasingly reported in the last 
decade [2–4], based on symptom development within 48 h of hospi
talisation [5] and a lack of an identified transmission path or source 
within the hospital [6].

Children and adults can be asymptomatic carriers of both toxigenic 
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and non-toxigenic strains of C. difficile [7,8]; thus, detection of C. difficile 
is recommended only in individuals with clinical signs of disease such as 
diarrhoea, ileus or toxic megacolon [9]. With more C. difficile testing 
being performed on non-hospitalised individuals with clinical signs of 
CDI, more CA-CDI cases are being found. The overall prevalence of 
CA-CDI has ranged between ~1.3 % and 5.5 % [10,11], and between 39 
% and 51 % of total CDI cases [2–4]. Severely complicated CA-CDI and 
high rates of recurrent CA-CDI (rCA-CDI) have been reported [12,13], 
and the impact of CDI on the community is worrisome. CA-CDI risk 
factors include antimicrobial consumption, age ≥65 years, care in an 
emergency department, cardiac disease, inflammatory bowel disease, 
white race, chronic kidney disease, close contact with a family member 
who had been hospitalised in the previous 6 months, low 
socio-economic status and crowded households [3,11,14,15].

The increasing number of CA-CDI cases has raised concerns over 
infection prevention and control (IPC) strategies for CDI in both com
munity and hospital settings. C. difficile ribotypes (RTs) including 014/ 
020, 181, 002, 012, 056, 046 and many others have been found in both 
CA-CDI and HA-CDI [3,11], however, some RTs e.g. 005, 020, 014/020, 
056, 002 are more likely to be found in CA-CDI [2,3]. Delays in diagnosis 
and undiagnosed CA-CDI cases present challenges for IPC implementa
tion. In Europe, up to 47 % of CA-CDI in adults were not diagnosed until 
after up to 10 days of diarrhoea [11].

In South East Asia, few studies on C. difficile have been conducted on 
hospitalised adults and children with diarrhoea [16,17]. In Indonesia, 
C. difficile was recovered from 22 % (74/340) of diarrheal stools [17], 
with similar proportions of toxigenic and non-toxigenc C. difficile (10.9 
% vs 10.6 %, respectively). The most common strain was C. difficile RT 
017 (24.3 % of 74 isolates). In a later study of children with diarrhoea 
aged ≤16 years in Vietnam, the overall prevalence of C. difficile in stool 
samples was 37.8 % (140/370), and children in the age group 2–12 
months had the highest prevalence (52.9 %; 74/140) [16]. A total of 151 
isolates of C. difficile was recovered and the most common toxigenic 
strain was RT 012 (11/151). In another study in Hebei Province, close to 
Beijing in China, C. difficile colonisation was 22.8 % (250/1098) in 
young children aged between 0 and 36 months, and more than half of 
the strains (55.2 %) were toxigenic [18], likely indicating 
community-acquired colonisation.

The finding of C. difficile in food, livestock, the environment and 
elsewhere suggests possible sources/reservoirs of C. difficile in the 
community [19–21]. Indeed, a landmark study in Oxfordshire in the UK 
published in 2013 identified that 45 % of CDI cases in Oxfordshire were 
genetically distinct from all previous cases, implying that diverse sour
ces of C. difficile, in addition to symptomatic patients, played a major 
part in C. difficile transmission [6]. There have been no studies on 
sources or reservoirs of C. difficile in the community in Cambodia, except 
for one report of C. difficile in smoked and dried fish (16 %) [19], 
however, C. difficile has been found in piglets in Thailand [21] and the 
environment in Vietnam [20], two countries adjacent to Cambodia. The 
present study aimed to investigate the prevalence and molecular 
epidemiology of C. difficile colonisation in two groups of Cambodians, 
young children and adolescent university students.

2. Methods

2.1. Study setting and sample collection

A cross-sectional study was conducted at the University of Health 
Sciences (UHS), Phnom Penh, Cambodia, between July and August 
2022. At UHS, the study design and objectives were presented to eight 
groups of UHS students in their foundation year and year one. After 
informed consent was given, a stool specimen was requested from each 
student. Stool specimens were provided by students to a study coordi
nator at UHS and sent to the laboratory at Calmette Hospital (CH) in 
Phnom Penh for storage at 2–8 ◦C. Stool samples from children aged ≥1 
year, attending the outpatient department (OPD) of Angkor Hospital for 

Children (AHC), Siem Reap, between January and August 2022, that had 
been sent to the laboratory for routine detection of enteric pathogens 
besides C. difficile, were deidentified and stored at − 80◦C for use in this 
study.

The Bristol Stool Form Scale (BSFS) was followed for stool consis
tency assessment: hard stool (types 1 and 2), normal stool (types 3, 4 and 
5) and loose stool (types 6 and 7) [22]. All stool samples were finally 
stored on Transwabs® (Medical Wire & Equipment, England) for 
transportation at ambient temperature, undertaken in October 2023 
from Cambodia to the Queen Elizabeth II Medical Center (QEIIMC) in 
Nedlands, Western Australia. Previous studies on C. difficile in other 
Asian countries have used this process for transportation successfully 
[16,17].

2.2. Detection of C. difficile

The detection of C. difficile was done as described in the study con
ducted by Khun et al. [23]. Toxigenic culture of C. difficile was per
formed using ChromID® C. difficile agar (bioMérieux, Marcy l’Etoile, 
France) for direct culture and Robertson’s cooked meat medium (RCM) 
(PathWest Laboratory Medicine Excel Media, Mount Claremont, West
ern Australia, Australia) containing 250 mg/L cycloserine, 5 mg/L 
gentamicin, 8 mg/L cefoxitin, for enrichment culture. Alcohol shock 
with an equal volume of RCM broth and 95 % ethanol (1:1 mL) was done 
for 1 h and the mixture was plated on cycloserine cefoxitin fructose agar 
(CCFA) (PathWest Laboratory Medicine Excel Media). All agar plates 
were incubated anaerobically in an A35 anaerobic chamber (Don 
Whitley Scientific, Ltd., Shipley, West Yorkshire, United Kingdom) at 
35◦C for 48 h, in an atmosphere of 80 % N2, 10 % H2 and 10 % CO2 with 
a relative humidity of 75 %. Black putative C. difficile colonies on 
ChromID and yellow ground-glass-looking colonies on CCFA were sub
cultured onto horse blood agar (BA) plates, incubated in the same con
ditions mentioned above. The odour of horse dung and chartreuse 
fluorescence under UV light were used for the presumptive identifica
tion of C. difficile on BA.

2.3. Toxin gene detection and ribotyping

From 48 to 72 h cultures on BA, heat DNA extraction was performed 
using 5 % Chelex-100 (Sigma-Aldrich, Castle Hill, NSW, Australia). The 
toxin A gene was detected in duplex PCR, using NK2/NK3 primers to 
detect tcdA1 and novel BEtcdA1/BEtcdA2 primers to detect tcdA3 [24,
25]. Monoplex PCR was used to detect the toxin B gene (tcdB) with 
NK104/NK105 primers, and binary toxin genes (cdtA and cdtB) with 
cdtApos/cdtArev and cdtBpos/cdtBrev primers, respectively, as 
described in previous studies [26,27]. PCR ribotyping targeting the 
16S-23S rRNA intergenic spacer region was performed as previously 
described [28] with some modifications. After cleaning with a MinElute 
PCR purification kit (Qiagen, Venlo, Limburg, The Netherlands), PCR 
ribotyping products were visualised on the QIAxcel capillary electro
phoresis platform (Qiagen, Venlo, Limburg, The Netherlands). With 
BioNumerics software package v.7.6.3 (Applied Maths, 
Sint-Martens-Latem, Belgium), the band profile of each isolate was 
compared to a collection of international reference strains in the labo
ratory. Strains that did not match any reference strain in the library were 
given the prefix “QX”. Completely novel strains were identified as such.

2.4. Statistical analysis

At UHS, demographic information including sex, age, residency, 
living with a sibling <1 year of age, living close to livestock i.e. in the 
same compound, frequent OPD visits (at least once a week), clinical 
information including diarrhoea, abdominal pain, fever, other clinical 
conditions and antimicrobial and other medication consumption at the 
time of sample collection, within the last 1 week and the last 4 weeks of 
sample collection, were recorded. At AHC, only sex, age, stool 
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consistency and residency information were recorded.
A logistic regression model was used to analyse factors associated 

with C. difficile carriage. A P-value <0.05 was the cut-off for statistical 
significance. All statistical analyses were conducted in the IBM SPSS 
Statistics package version 26.0.0.0.

2.5. Ethical issues

Ethics approval was granted by the National Ethics Committee for 
Health Research in Cambodia (248NECHR) and by the Human Research 
Ethics Office of Curtin University (HRE2022-0027). Stool samples from 
AHC were deidentified residual samples from the diagnostic laboratory 
and were thus not subject to formal ethical review.

3. Results

3.1. Children

A total of 252 samples was received from children attending the OPD 
at AHC between January and August 2022. Samples from children aged 
<1 year were excluded from the study and 246 samples remained. The 
number of female and male participants was approximately balanced 

(126 vs 120, respectively).
By both direct and enrichment cultures, C. difficile was recovered 

from 23.9 % (59/246) of samples (Fig. 1A). Hard stools had the highest 
proportion (50 %, 5/10) of C. difficile, while only two of 42 loose stools 
(taking the shape of the container) tested positive for C. difficile. Uni
variate analysis indicated that children with loose stools had a 

Fig. 1. Participants in the study: A) Children from the outpatient department of Angkor Hospital for Children, B) Adolescents from the University of Health Sciences.

Table 1 
Univariate logistic regression analysis of socio-demographic factors associated 
with C. difficile carriage in children from the outpatient department of Angkor 
Hospital for Children.

Description Number COR (95 %CI) 
Univariate analysis

P 
value

Without 
C. difficile (N 
= 187) n

With 
C. difficile (N 
= 59) n

Sex (female) 96 30 1.02 (0.56–1.83) 0.948
Age (IQR, 

3–8 yrs)
112 37 0.99 (0.91–1.08) 0.928

Stool 
consistency 
(loose)

40 2 0.05 (0.008–0.32) 0.002

COR: Crude Odds Ratio; IQR: Interquartile range.
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significantly lower chance (Crude Odds Ratio [COR] = 0.05, 95 %CI: 
0.008–0.32) of being colonised/infected by C. difficile (Table 1). All 
children in the study were residents of 16 regions of Cambodia; the 
prevalence ranged between 14 % and 38 % if considering only the four 
regions with a minimum of 10 participants (Fig. 2).

The prevalence by month of sample collection ranged between 6 %, 
the lowest in May, and 36 %, the highest in April (Fig. 3A). Although the 
number of positive cases varied with no trend by month, the number of 
toxigenic C. difficile increased steadily from January (0 %, 0/1) to 
August (57 %, 8/14) (Fig. 3A). The age of children ranged between 1 and 
15 years (IQR, 3–8 years). The overall prevalences across the age groups 
were not significantly different (p = 0.909) (Fig. 3B).

3.2. Adolescents

Between July–August 2022, 266 adolescent UHS students, aged be
tween 17 and 23 years, were recruited. Female students outnumbered 
male students (177 vs 87, respectively). All of them were living in the 
capital city, Phnom Penh, at the time of sample collection, so their 
residency was not included in the analyses. None of them had chronic 
obstructive pulmonary diseases, heart failure, chronic renal disease, 
haematological malignancy, cancer or stroke, however, 12 students re
ported that they had diarrhoea at the time of sample collection.

Of the 266 samples, C. difficile was recovered from seven (2.6 %), all 
normal stools (Fig. 1B). No statistical analysis was conducted for this 
population due to the small number of cases. Among the seven cases, 71 
% (5/7) were female, none had diarrhoea, nor was hospitalised >24 h or 
had recent frequent OPD visits within the last 3 months. Four of them 
answered that they had antimicrobials within the last 4 weeks, and two 
had taken antimicrobials within the last 1 week of stool collection.

3.3. C. difficile molecular characteristics and toxin profiles

Of the 59 C. difficile isolates from OPD children at AHC, 28.8 % (17/ 
59) were toxigenic; thus, the prevalence of toxigenic C. difficile was 6.9 
% (17/246) (Fig. 4). All toxigenic strains were isolated only from hard 
and normal stools; hard stools had the highest proportion of toxigenic 
C. difficile (20 %, 2/10) (Fig. 1A). The lowest prevalence of toxigenic 
C. difficile (3 %, 3/95) was seen in the 2–5 years age group, though this 

was not significantly different from other age groups (p = 0.315) 
(Fig. 3B).

C. difficile RT 017 represented 13.5 % (8/59) of isolates and was the 
most predominant strain, followed by RTs 056, 012, 046, 014/020, 001 
and QX710, in OPD children at AHC. Most toxigenic strains (55 %, 10/ 
18) possessed both toxin genes, tcdA and tcdB. The most predominant 
non-toxigenic strain was C. difficile RT QX107, followed by RTs QX002, 
QX011, QX021, QX552, 010, 038 and another 28 RTs all with one isolate 
each. All C. difficile isolates recovered from UHS students were toxigenic 
and the prevalence was 2.6 % (7/266), including three isolates of RT 
012, two isolates of QX709 and one isolate each of RTs 056 and 017 
(Fig. 4).

Overall, a total of 66 isolates from the two populations was classified 
into nine known C. difficile RTs (35 %, 23/66) and 34 unknown RTs (65 
%, 43/66) including both strains with “QX” prefix and unique single
tons. The known C. difficile RTs included RTs 017, 012, 046, 056, 014/ 
020, 001, 010, 009 and 038, ranging from the most to the least pre
dominant (Fig. 4).

4. Discussion

4.1. Prevalence and risk factors

This study aimed to investigate C. difficile in non-hospitalised in
dividuals; adolescent university students and young children visiting an 
OPD. With no attempt to make a clinical diagnosis of CDI for the study 
participants, C. difficile-positive cases in this study were presumably 
asymptomatic carriers of either toxigenic or non-toxigenic strains. 
Interestingly, toxigenic C. difficile was found only in children with hard 
and normal stools (20 %, 2/10 and 8 %, 15/194, respectively), and in 
adolescents with normal stools (4.4 %, 7/159) (Fig. 1). These cases are 
likely to be C. difficile asymptomatic carriers, possibly transient only, 
and a longitudinal study is required for confirmation. The prevalences of 
toxigenic C. difficile asymptomatic carriers in the current study were not 
significantly different to those in Europe in children (6.9 % vs 6.8 %, 
respectively) [8] and adults (2.6 % vs 1.3 %–3.1 %, respectively) [11,
29]; nor to those in Asia, children (6.9 % vs 8.8 %, respectively) and 
adults (2.6 % vs 3.6 %, respectively) [30]. Individuals who carry 
C. difficile asymptomatically are at higher risk of disease development at 

Fig. 2. C. difficile in children attending the outpatient department, Angkor Hospital for Children, by region of residence.
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a later stage and are also a source of C. difficile for other individuals in 
the same setting [31]. Since information on hospitalisation and the 
clinical condition of the children carrying C. difficile was not available, 
we cannot assume that these C. difficile strains originated from sour
ces/reservoirs in their community or previous hospital visits. In contrast, 
C. difficile found in all adolescent participants was more likely to have 
originated from the community since they had no recent hospital con
tact. The finding of C. difficile in dried and smoked fish in Cambodia is a 
good example of a source of C. difficile in the community in this country 
[19], however, there have been no other reports. Although the preva
lence of toxigenic strains of C. difficile in adolescents in the current study 
(2.6 %) was significantly lower than in diarrheic adults in Vietnam (9.8 
%) [23] and Thailand (9.2 %) [32], our study confirms the existence of 
asymptomatic carriers of community-associated C. difficile in Cambodia 
and suggests further investigations into the impact of asymptomatic 
carriage on C. difficile transmission as well as CDI management in the 
country are warranted.

The high prevalence of non-toxigenic strains of C. difficile in the 
current study correlated well with another recent study in Cambodia 
[33], as well as studies in neighbouring Vietnam [16,23] and Thailand 
[32]. Notably, non-toxigenic strains in the current study were isolated 
only from children, supporting the theory that children are more 
frequently asymptomatic carriers of C. difficile compared to adults and 
that children plausibly contribute to the transmission of C. difficile in 
community and healthcare settings. The findings of only toxigenic 
C. difficile in healthy and non-hospitalised adolescents suggest an effect 
of the gut microbiota of these Cambodians in inhibiting non-toxigenic 
strains [34]. Investigations into the role of silent circulation of 
C. difficile in CDI epidemiology could be helpful. Also, the presence of 
C. difficile in almost every region of Cambodia in this study (Fig. 2) 
correlates well with the findings in the two previous studies conducted 
in hospitalised patients, including adults [33] and children [7], in 
Cambodia. Though the prevalences by province among the three studies 
have some dissimilarities, they confirm the presence of local C. difficile 
in the country, rather than imported strains, and further investigations 
are required to find sources/reservoirs in the country for IPC purposes.

The study was conducted between January and August 2022. The 
overall prevalence of C. difficile in children peaked in April, the end of 
the dry season, and the prevalence of toxigenic C. difficile peaked in 
August, the rainy season in Cambodia. These findings did not suggest a 
seasonality that has been found in some countries with four distinct 
seasons [35]; however, they were similar to the seasonal increase of 
C. difficile prevalence seen in Bangladesh, where the prevalence of 
toxigenic C. difficile peaked between June and October [36]. Multiple 
contributing factors in tropical countries could be hypothesised. In 
low-income countries in particular, hygiene practices could be more 
limited during the rainy season compared to the dry season, especially 

for those with low socioeconomic status. Other seasonal infectious dis
eases in the country could have an impact [37]; for example, influenza 
and melioidosis peak during the rainy season from June to November 
[37,38] and rotavirus peaks between November and May [39]. Different 
patterns of antimicrobial consumption and the consumption of different 
antimicrobial types in response to these seasonal infectious diseases 
could contribute to host susceptibility to infection/colonisation with 
either toxigenic or non-toxigenic C. difficile. Multi-year, longitudinal 
investigations of C. difficile prevalence in Cambodia are recommended to 
accurately characterise seasonality.

Based on stool consistency, children with loose stools were at 
significantly lower risk of carrying C. difficile (COR = 0.05, 95 %CI: 
0.008–0.32), and none of the loose stools collected from adolescents 
contained C. difficile, suggesting possible competitive roles of other 
factors including pathogens in loose stool. Similar results were found in 
young children in other Asian countries with similar hygiene conditions 
to Cambodia, like India, Nepal and Bangladesh [36]. However, the 
Bristol Stool Form Scale (BSFS) was followed for stool consistency 
assessment [22] and only provided a suggestion of possible C. difficile 
carriage in individuals. It will be important for future studies to test all 
stools for C. difficile in patients with CDI-associated clinical signs to 
avoid under- or overestimation of true CDI cases [9]. Together with the 
high prevalence (38.5 %) of C. difficile found in an earlier study in 
hospitalised children in Cambodia [7], the findings in children in the 
community in the current study suggest that the implementation of 
routine detection of C. difficile in children, more importantly in those 
with underlying diseases, requires strict adherence to the guidelines and 
interpretation with caution [9].

4.2. Molecular epidemiology

The high diversity of RTs in the current study is suggestive of mul
tiple sources/reservoirs of C. difficile in Cambodia that require investi
gation. Many studies in Southeast Asia reported similar findings, where 
novel strains usually represented >50 % of the total isolates, whereas 
known strains previously identified in other continents including 
Europe, North America and Australia, were usually found in smaller 
proportions or not at all e.g. RTs 027, 002 [11,16,17,32,33]; thus, those 
novel strains could be local strains, possibly in evolutionary clade 4, 
originating in Asia. If this is true, these findings represent more evidence 
that Asia is the home of evolutionary clade 4 of C. difficile.

C. difficile RT 017 has been the most frequently found in Asia in both 
asymptomatic carriers and symptomatic CDI [17,33] and this strain also 
belongs to evolutionary clade 4. The existence of other toxigenic strains 
in the current study in Cambodia and other studies in Asia, including 
RTs 012, 046, 014/020, 056, 001 belonging to evolutionary clade 1, 
suggests the movement of C. difficile from geographical locations where 

Fig. 3. Children participating from the outpatient department of Angkor Hospital for Children: A). Prevalence of C. difficile by month of sample collection. B). Prevalence 
of C. difficile by age group.
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strains in evolutionary clade 1 originate [40].
Previous studies from Cambodia found C. difficile RTs 046, 017 and 

012 to predominate in hospitalised adults [33] and children [7], 
respectively. C. difficile RT 014/020 in the current study, also found in 
previous studies in Cambodia and elsewhere, is more commonly asso
ciated with community cases [2,3]. The overlapping of these 

predominant RTs in both community and hospital settings suggests 
possible bidirectional transmission between hospital and community 
settings in Cambodia.

Several limitations were observed. The study collected samples from 
healthy adolescents aged between 17 and 23 years. While this may not 
represent the true prevalence of C. difficile in adults in the country, it 

Fig. 4. Dendrogram of C. difficile PCR ribotyping banding patterns and toxin profiles.
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provides information on the epidemiology of CDI in this age group. 
Clinical information on children participating in the study was not 
available, impacting the interpretation of risk factors of CDI; however, 
the findings of the seasonal variation of C. difficile prevalence could 
highlight a trend of infection during the first 8 months of the year, and 
interventions could also be applied accordingly. The putative identifi
cation of C. difficile relying on the colonial morphology and horse dung 
odour on BA was confirmed by ribotyping; thus, though PCR for the tpi 
gene or matix-assisted laser desorption/ionization time-of-flight 
(MALDI-TOF) could enhance the identification of non-toxigenic 
strains, this method was not incorporated in the current study.

4.3. Conclusions

The asymptomatic carriage of either toxigenic or non-toxigenic 
C. difficile in healthy adolescents and non-hospitalised children in 
Cambodia points to sources of C. difficile in the community that might 
impact transmission into hospital settings. Multiple sources of C. difficile 
in the community are suggested by the high diversity of RTs. Individuals 
with loose stools were less likely to be infected with C. difficile, sug
gesting significant roles of other enteric pathogens in Cambodia, and 
further investigations are needed. The investigations into sources/res
ervoirs of C. difficile in the community and the reasons contributing to 
asymptomatic carriage could be beneficial for future CDI management 
in the country. Genotypic identification of local C. difficile strains re
mains warranted.
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march 2018, Apmis 130 (2022) 661–670, https://doi.org/10.1111/apm.13270.

[3] D.A. Collins, L.A. Selvey, A. Celenza, T.V. Riley, Community-associated Clostridium 
difficile infection in emergency department patients in Western Australia, Anaerobe 
48 (2017) 121–125, https://doi.org/10.1016/j.anaerobe.2017.08.008.

[4] C.S. Thornton, J.E. Rubin, A.L. Greninger, G. Peirano, C.Y. Chiu, D.R. Pillai, 
Epidemiological and genomic characterization of community-acquired Clostridium 
difficile infections, BMC Infect. Dis. 18 (2018) 443, https://doi.org/10.1186/ 
s12879-018-3337-9.

[5] L.C. McDonald, B. Coignard, E. Dubberke, X. Song, T. Horan, P.K. Kutty, 
Recommendations for surveillance of Clostridium difficile–associated disease, Infect. 
Control Hosp. Epidemiol. 28 (2007) 140–145, https://doi.org/10.1086/511798.

[6] D.W. Eyre, M.L. Cule, D.J. Wilson, D. Griffiths, A. Vaughan, L. O’Connor, C.L.C. Ip, 
T. Golubchik, E.M. Batty, J.M. Finney, et al., Diverse sources of C. difficile infection 
identified on whole-genome sequencing, N. Engl. J. Med. 369 (2013) 1195–1205, 
https://doi.org/10.1056/NEJMoa1216064.

[7] L. Eng, K.A. Alene, D.A. Collins, S.C. Lim, V. Srey, C. Chea, S. Yohn, S. Leng, A.C. 
A. Clements, T.V. Riley, Clostridioides (Clostridium) difficile in hospitalised children 
in Cambodia, Anaerobe 93 (2025) 102959, https://doi.org/10.1016/j. 
anaerobe.2025.102959.

[8] S. Jolivet, J. Couturier, P. Grohs, A. Vilfaillot, J.R. Zahar, P. Frange, A. Casetta, 
V. Moulin, C. Lawrence, P. Baune, et al., Prevalence and risk factors of toxigenic 
Clostridioides difficile asymptomatic carriage in 11 French hospitals, Front. Med. 10 
(2023) 1221363, https://doi.org/10.3389/fmed.2023.1221363.

[9] J.A. Trubiano, A.C. Cheng, T.M. Korman, C. Roder, A. Campbell, M.L. May, C. 
C. Blyth, J.K. Ferguson, T.K. Blackmore, T.V. Riley, et al., Australasian Society of 
Infectious Diseases updated guidelines for the management of Clostridium difficile 
infection in adults and children in Australia and New Zealand, Intern. Med. J. 46 
(2016) 479–493, https://doi.org/10.1111/imj.13027.

[10] S.M.v. Dorp, M.P.M. Hensgens, O.M. Dekkers, A. Demeulemeester, A. Buiting, 
P. Bloembergen, S.C. de Greeff, E.J. Kuijper, Spatial clustering and livestock 
exposure as risk factor for community-acquired Clostridium difficile infection, Clin. 
Microbiol. Infect. 25 (2019) 607–612, https://doi.org/10.1016/j.cmi.2018.07.018.

[11] V.F. Viprey, G.L. Davis, A.D. Benson, D. Ewin, W. Spittal, J.J. Vernon, M. Rupnik, 
A. Banz, F. Allantaz, P. Cleuziat, et al., A point-prevalence study on community and 
inpatient Clostridioides difficile infections (CDI): results from combatting bacterial 
resistance in Europe CDI (COMBACTE-CDI), july to november 2018, Euro Surveill. 
27 (2022), https://doi.org/10.2807/1560-7917.Es.2022.27.26.2100704.

[12] N. Oguri, A. Sakuraba, H. Morikubo, O. Kikuchi, T. Sato, S. Tokunaga, S. Minowa, 
O. Ikezaki, T. Mitsui, M. Miura, et al., Community-acquired fulminant colitis 
caused by binary toxin-producing Clostridium difficile in Japan, Clin J Gastroenterol 
12 (2019) 325–329, https://doi.org/10.1007/s12328-019-00949-z.

[13] S. Predrag, E.J. Kuijper, S. Nikola, K.E.W. Vendrik, R. Niko, Recurrent community- 
acquired Clostridium (Clostridioides) difficile infection in Serbian children, Eur. J. 
Clin. Microbiol. Infect. Dis. 39 (2020) 509–516, https://doi.org/10.1007/s10096- 
019-03751-4.

[14] A.Y. Guh, S.H. Adkins, Q. Li, S.N. Bulens, M.M. Farley, Z. Smith, S.M. Holzbauer, 
T. Whitten, E.C. Phipps, E.B. Hancock, et al., Risk factors for community-associated 
Clostridium difficile infection in adults: a case-control study, Open Forum Infect. Dis. 
4 (2017) ofx171, https://doi.org/10.1093/ofid/ofx171.

[15] W. Na’amnih, A. Adler, T. Miller-Roll, D. Cohen, Y. Carmeli, Incidence and risk 
factors for community and hospital acquisition of Clostridium difficile infection in 
the Tel Aviv Sourasky Medical Center, Infect. Control Hosp. Epidemiol. 38 (2017) 
912–920, https://doi.org/10.1017/ice.2017.82.

[16] P.A. Khun, L.D. Phi, P.T. Pham, H.T. Thu Nguyen, Q.T. Huyen Vu, D.A. Collins, T. 
V. Riley, Clostridioides (Clostridium) difficile in children with diarrhoea in Vietnam, 
Anaerobe 74 (2022) 102550, https://doi.org/10.1016/j.anaerobe.2022.102550.

[17] D.A. Collins, M.H. Gasem, T.H. Habibie, I.G. Arinton, P. Hendriyanto, A.P. Hartana, 
T.V. Riley, Prevalence and molecular epidemiology of Clostridium difficile infection 
in Indonesia, New Microbe and New Infect 18 (2017) 34–37, https://doi.org/ 
10.1016/j.nmni.2017.04.006.

[18] Q.Q. Cui, J. Yang, Y.N. Niu, C.X. Qiang, Z.R. Li, K.Y. Xu, R.X. Li, D.Y. Shi, H.L. Wei, 
X.Z. Zhao, et al., Epidemiological investigation of Clostridioides difficile colonization 
in Chinese community infants, Anaerobe 56 (2019) 116–123, https://doi.org/ 
10.1016/j.anaerobe.2019.01.008.

[19] C. Rodriguez, H. Mith, B. Taminiau, L. Bouchafa, J. Van Broeck, K. Soumillion, 
E. Ngyuvula, E. García-Fuentes, N. Korsak, M. Delmée, et al., First isolation of 
Clostridioides difficile from smoked and dried freshwater fish in Cambodia, Food 
Control 124 (2021), https://doi.org/10.1016/j.foodcont.2021.107895.

[20] P.A. Khun, L.D. Phi, H.T.T. Bui, N.T. Bui, Q.T.H. Vu, L.D. Trinh, D.A. Collins, T. 
V. Riley, Environmental contamination with Clostridioides (Clostridium) difficile in 

L. Eng et al.                                                                                                                                                                                                                                      Anaerobe 94 (2025) 102982 

7 

https://doi.org/10.1056/NEJMoa1306801
https://doi.org/10.1111/apm.13270
https://doi.org/10.1016/j.anaerobe.2017.08.008
https://doi.org/10.1186/s12879-018-3337-9
https://doi.org/10.1186/s12879-018-3337-9
https://doi.org/10.1086/511798
https://doi.org/10.1056/NEJMoa1216064
https://doi.org/10.1016/j.anaerobe.2025.102959
https://doi.org/10.1016/j.anaerobe.2025.102959
https://doi.org/10.3389/fmed.2023.1221363
https://doi.org/10.1111/imj.13027
https://doi.org/10.1016/j.cmi.2018.07.018
https://doi.org/10.2807/1560-7917.Es.2022.27.26.2100704
https://doi.org/10.1007/s12328-019-00949-z
https://doi.org/10.1007/s10096-019-03751-4
https://doi.org/10.1007/s10096-019-03751-4
https://doi.org/10.1093/ofid/ofx171
https://doi.org/10.1017/ice.2017.82
https://doi.org/10.1016/j.anaerobe.2022.102550
https://doi.org/10.1016/j.nmni.2017.04.006
https://doi.org/10.1016/j.nmni.2017.04.006
https://doi.org/10.1016/j.anaerobe.2019.01.008
https://doi.org/10.1016/j.anaerobe.2019.01.008
https://doi.org/10.1016/j.foodcont.2021.107895


Vietnam, J. Appl. Microbiol. 134 (2023), https://doi.org/10.1093/jambio/ 
lxad118.

[21] P. Putsathit, V.K. Neela, N.M. Joseph, P.T. Ooi, B. Ngamwongsatit, D.R. Knight, T. 
V. Riley, Molecular epidemiology of Clostridium difficile isolated from piglets, Vet. 
Microbiol. 237 (2019) 108408, https://doi.org/10.1016/j.vetmic.2019.108408.

[22] M.R. Blake, J.M. Raker, K. Whelan, Validity and reliability of the Bristol Stool Form 
Scale in healthy adults and patients with diarrhoea-predominant irritable bowel 
syndrome, Aliment. Pharmacol. Ther. 44 (2016) 693–703, https://doi.org/ 
10.1111/apt.13746.

[23] P.A. Khun, L.D. Phi, H.T.T. Bui, D.A. Collins, T.V. Riley, Clostridioides (Clostridium) 
difficile in adults with diarrhoea in Vietnam, Anaerobe 81 (2023) 102741, https:// 
doi.org/10.1016/j.anaerobe.2023.102741.

[24] N. Kato, C.Y. Ou, H. Kato, S.L. Bartley, V.K. Brown, V.R. Dowell Jr., K. Ueno, 
Identification of toxigenic Clostridium difficile by the polymerase chain reaction, 
J. Clin. Microbiol. 29 (1991) 33–37, https://doi.org/10.1128/jcm.29.1.33- 
37.1991.

[25] A.M. McGovern, G.O. Androga, D.R. Knight, M.W. Watson, B. Elliott, N.F. Foster, B. 
J. Chang, T.V. Riley, Prevalence of binary toxin positive Clostridium difficile in 
diarrhoeal humans in the absence of epidemic ribotype 027, PLoS One 12 (2017) 
e0187658, https://doi.org/10.1371/journal.pone.0187658.

[26] H. Kato, N. Kato, K. Watanabe, N. Iwai, H. Nakamura, T. Yamamoto, K. Suzuki, S.- 
M. Kim, Y. Chong, B. Wasito Eddy, Identification of toxin A-negative, toxin B- 
positive Clostridium difficile by PCR, J. Clin. Microbiol. 36 (1998) 2178–2182, 
https://doi.org/10.1128/JCM.36.8.2178-2182.1998.

[27] S. Stubbs, M. Rupnik, M. Gibert, J. Brazier, B. Duerden, M. Popoff, Production of 
actin-specific ADP-ribosyltransferase (binary toxin) by strains of Clostridium 
difficile, FEMS Microbiol. Lett. 186 (2000) 307–312.

[28] S.L.J. Stubbs, J.S. Brazier, G.L. O’Neill, B.I. Duerden, PCR targeted to the 16S-23S 
rRNA gene intergenic spacer region of Clostridium difficile and construction of a 
library consisting of 116 different PCR ribotypes, J. Clin. Microbiol. 37 (1999) 
461–463.

[29] M.J.T. Crobach, B.V.H. Hornung, C. Verduin, M.C. Vos, J. Hopman, N. Kumar, 
C. Harmanus, I. Sanders, E.M. Terveer, M.D. Stares, et al., Screening for 
Clostridioides difficile colonization at admission to the hospital: a multi-centre 
study, Clin. Microbiol. Infect. 29 (2023) 891–896, https://doi.org/10.1016/j. 
cmi.2023.02.022.

[30] T.T. Tian, J.H. Zhao, J. Yang, C.X. Qiang, Z.R. Li, J. Chen, K.Y. Xu, Q.Q. Ciu, R. 
X. Li, Molecular characterization of Clostridium difficile isolates from human 
subjects and the environment, PLoS One 11 (2016) e0151964, https://doi.org/ 
10.1371/journal.pone.0151964.

[31] M. Gilboa, E. Houri-Levi, C. Cohen, I. Tal, C. Rubin, O. Feld-Simon, A. Brom, 
Y. Eden-Friedman, S. Segal, G. Rahav, et al., Environmental shedding of toxigenic 
Clostridioides difficile by asymptomatic carriers: a prospective observational study, 
Clin. Microbiol. Infect. 26 (2020) 1052–1057, https://doi.org/10.1016/j. 
cmi.2019.12.011.

[32] P. Putsathit, M. Maneerattanaporn, P. Piewngam, P. Kiratisin, T.V. Riley, 
Prevalence and molecular epidemiology of Clostridium difficile infection in 
Thailand, New Microbe and New Infect 15 (2017) 27–32, https://doi.org/ 
10.1016/j.nmni.2016.10.004.

[33] L. Eng, D.A. Collins, K.A. Alene, S. Bory, Y. Theng, P. Vann, S. Meng, S. Limsreng, 
A.C. Clements, T.V. Riley, Clostridioides (Clostridium) difficile infection in 
hospitalised adult patients in Cambodia, Microbiol. Spectr. 13 (2025) e02747, 
https://doi.org/10.1128/spectrum.02747-24, 24.

[34] N.A. Lesniak, A.M. Schubert, H. Sinani, P.D. Schloss, Clearance of Clostridioides 
difficile colonization is associated with antibiotic-specific bacterial changes, 
mSphere 6 (2021), https://doi.org/10.1128/mSphere.01238-20.

[35] L. Furuya-Kanamori, S.J. McKenzie, L. Yakob, J. Clark, D.L. Paterson, T.V. Riley, A. 
C. Clements, Clostridium difficile infection seasonality: patterns across hemispheres 
and continents - a systematic review, PLoS One 10 (2015) e0120730, https://doi. 
org/10.1371/journal.pone.0120730.

[36] S.A. Brennhofer, E.T. Rogawski McQuade, J. Liu, R.L. Guerrant, J.A. Platts-Mills, C. 
A. Warren, Clostridioides difficile colonization among very young children in 
resource-limited settings, Clin. Microbiol. Infect. 28 (2022) 996–1002, https://doi. 
org/10.1016/j.cmi.2022.01.022.

[37] S.V. Horm, S. Mardy, S. Rith, S. Ly, S. Heng, S. Vong, P. Kitsutani, V. Ieng, 
A. Tarantola, S. Ly, et al., Epidemiological and virological characteristics of 
influenza viruses circulating in Cambodia from 2009 to 2011, PLoS One 9 (2014) 
e110713, https://doi.org/10.1371/journal.pone.0110713.

[38] E. Vlieghe, L. Kruy, B. De Smet, C. Kham, C.H. Veng, T. Phe, O. Koole, S. Thai, 
L. Lynen, J. Jacobs, Melioidosis, Phnom Penh, Cambodia, Emerg. Infect. Dis. 17 
(2011) 1289–1292, https://doi.org/10.3201/eid1707.101069.

[39] N. Angkeabos, E. Rin, O. Vichit, C. Chea, N. Tech, D.C. Payne, K. Fox, J. 
D. Heffelfinger, V. Grabovac, B. Nyambat, et al., Pediatric hospitalizations 
attributable to rotavirus gastroenteritis among Cambodian children: seven years of 
active surveillance, 2010–2016, Vaccine 36 (2018) 7856–7861, https://doi.org/ 
10.1016/j.vaccine.2018.03.032.

[40] K. Imwattana, P. Putsathit, D.A. Collins, T. Leepattarakit, P. Kiratisin, T.V. Riley, D. 
R. Knight, Global evolutionary dynamics and resistome analysis of Clostridioides 
difficile ribotype 017, Microb. Genom. 8 (2022), https://doi.org/10.1099/ 
mgen.0.000792.

L. Eng et al.                                                                                                                                                                                                                                      Anaerobe 94 (2025) 102982 

8 

https://doi.org/10.1093/jambio/lxad118
https://doi.org/10.1093/jambio/lxad118
https://doi.org/10.1016/j.vetmic.2019.108408
https://doi.org/10.1111/apt.13746
https://doi.org/10.1111/apt.13746
https://doi.org/10.1016/j.anaerobe.2023.102741
https://doi.org/10.1016/j.anaerobe.2023.102741
https://doi.org/10.1128/jcm.29.1.33-37.1991
https://doi.org/10.1128/jcm.29.1.33-37.1991
https://doi.org/10.1371/journal.pone.0187658
https://doi.org/10.1128/JCM.36.8.2178-2182.1998
http://refhub.elsevier.com/S1075-9964(25)00045-9/sref27
http://refhub.elsevier.com/S1075-9964(25)00045-9/sref27
http://refhub.elsevier.com/S1075-9964(25)00045-9/sref27
http://refhub.elsevier.com/S1075-9964(25)00045-9/sref28
http://refhub.elsevier.com/S1075-9964(25)00045-9/sref28
http://refhub.elsevier.com/S1075-9964(25)00045-9/sref28
http://refhub.elsevier.com/S1075-9964(25)00045-9/sref28
https://doi.org/10.1016/j.cmi.2023.02.022
https://doi.org/10.1016/j.cmi.2023.02.022
https://doi.org/10.1371/journal.pone.0151964
https://doi.org/10.1371/journal.pone.0151964
https://doi.org/10.1016/j.cmi.2019.12.011
https://doi.org/10.1016/j.cmi.2019.12.011
https://doi.org/10.1016/j.nmni.2016.10.004
https://doi.org/10.1016/j.nmni.2016.10.004
https://doi.org/10.1128/spectrum.02747-24
https://doi.org/10.1128/mSphere.01238-20
https://doi.org/10.1371/journal.pone.0120730
https://doi.org/10.1371/journal.pone.0120730
https://doi.org/10.1016/j.cmi.2022.01.022
https://doi.org/10.1016/j.cmi.2022.01.022
https://doi.org/10.1371/journal.pone.0110713
https://doi.org/10.3201/eid1707.101069
https://doi.org/10.1016/j.vaccine.2018.03.032
https://doi.org/10.1016/j.vaccine.2018.03.032
https://doi.org/10.1099/mgen.0.000792
https://doi.org/10.1099/mgen.0.000792

	Clostridioides (Clostridium) difficile in children and adolescents in the community in Cambodia
	1 Introduction
	2 Methods
	2.1 Study setting and sample collection
	2.2 Detection of C. difficile
	2.3 Toxin gene detection and ribotyping
	2.4 Statistical analysis
	2.5 Ethical issues

	3 Results
	3.1 Children
	3.2 Adolescents
	3.3 C. difficile molecular characteristics and toxin profiles

	4 Discussion
	4.1 Prevalence and risk factors
	4.2 Molecular epidemiology
	4.3 Conclusions

	CRediT authorship contribution statement
	Source of funding
	Declaration of competing interest
	Acknowledgements
	Data availability
	References


