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Abstract

Aims: To investigate the prevalence, molecular type, and antimicrobial susceptibility of Clostridioides difficile in the environment in Vietnam,
where little is known about C. difficile.

Methods and results: Samples of pig faeces, soils from pig farms, potatoes, and the hospital environment were cultured for C. difficile. Isolates
were identified and typed by polymerase chain reaction (PCR) ribotyping. The overall prevalence of C. difficile contamination was 24.5% (68/278).
Clostridioides difficile was detected mainly in soils from pig farms and hospital soils, with 70%-100% prevalence. Clostridioides difficile was
isolated from 3.4% of pig faecal samples and 5% of potato surfaces. The four most prevalent ribotypes (RTs) were RTs 001, 009, 038, and
QX574. All isolates were susceptible to metronidazole, fidaxomicin, vancomycin, and amoxicillin/clavulanate, while resistance to erythromycin,
tetracycline, and moxifloxacin was common in toxigenic strains. Clostridioides difficile RTs 001AT*BTCDT- and 038A"B~CDT~ were predominantly
multidrug resistant.

Conclusions: Environmental sources of C. difficile are important to consider in the epidemiology of C. difficile infection in Vietnam, however,
contaminated soils are likely to be the most important source of C. difficile. This poses additional challenges to controlling infections in healthcare
settings.

Significance and impact of study

Clostridioides difficile was commonly detected in soils, and rates of multidrug resistance in C. difficile RTs 001 (toxigenic) and 038 (non-toxigenic)
were high; findings that suggest these sources of C. difficile in the community may be important in the epidemiology of C. difficile infection in
Vietnam.

Keywords: Clostridioides (Clostridium) difficile, environment, animals, root vegetables, sources/reservoirs, Vietnam

The incidence of C. difficile infection (CDI) in the com-
munity has increased since the mid-2000s (Wozniak et al.
2015, Guh et al. 2020), and it is postulated that community-

Introduction

Clostridioides (Clostridium) difficile (Lawson et al. 2016)

is a spore-forming anaerobic bacterium that commonly
causes hospital-acquired gastrointestinal infection and
antimicrobial-associated diarrhoea. Clostridioides difficile is
responsible for infections ranging from mild to severe diar-
rhoea, colitis, pseudomembranous colitis, toxic megacolon,
and septic shock, often leading to death (Rupnik et al. 2009).
Transmission of C. difficile is mainly via the faecal-oral
route. Clostridioides difficile spores persist in the environ-
ment for months to years and cannot be destroyed with the
usual cleaning/disinfecting agents. These spores are regularly
detected in the environment of hospitals, long-term care
facilities (Vonberg et al. 2008), soil, water, the gastrointestinal
tracts of humans and animals (more commonly in younger
animals; Knight et al. 2013, 2015), on root vegetables (Lim
et al. 2018), and in processed food (Bakri et al. 2009).

associated CDI (CA-CDI) arises due to exposure to C. diffi-
cile spores in community environments, including in livestock,
farming, and slaughterhouse environments, soils, vegetables,
fruits, water, and processed food (Songer et al. 2009, Tsai et
al. 2016, Wu et al. 2016, Knight and Riley 2019, Tkalec et al.
2020). The reported prevalence of C. difficile contamination
in foods ranges from 8% to 42% (Candel-Perez et al. 2019),
with the highest prevalence to date in North America where C.
difficile was isolated from various retail meat products (37/88,
42%), both uncooked and ready-to-eat, purchased from three
national-chain grocery stores in the Tucson area of Arizona,
USA (Songer et al. 2009). An even higher prevalence of C. dif-
ficile (59%) was found in Australian lawn samples with the
prevalence in new lawns higher than in old lawns (Moono et
al. 2017).
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There have been few reports on C. difficile in Vietnam.
Based on an xTAG gastrointestinal panel assay, the preva-
lence of C. difficile in diarrheic stool samples from hospital-
ized patients in southern Vietnam was 9% (45/479) between
2009 and 2014 (Duong et al. 2016). The prevalence of CDI
increased to 24.9% (95/382) in patients with antimicrobial-
associated diarrhoea from 2013 to 2015 (Duong 2017). Be-
tween 2013 and 2017, the four most prevalent C. difficile
strains identified using slpA typing, trf, 017, cc8335, and 0g39,
accounted for ~90% of all C. difficile isolates (Duong 2017,
Giang 2020). About one-third were resistant to moxifloxacin,
rifampicin, and ampicillin, however, >90% of the isolates
were resistant to clindamycin (Giang 2020). In a more re-
cent study, undertaken from 2020 to 2021, the prevalence of
C. difficile in stool samples of Vietnamese children with di-
arrhoea was 37.8% (140/370), however, toxigenic C. difficile
comprised only 16.6% (25/151) of isolates. Of all isolates, ri-
botypes (RTs) 010, 012, 017, 046, QX011, QX 107, QX230,
and QX463 were predominant (Khun et al. 2022).

Even less is known about C. difficile circulating in the
Vietnamese community, healthcare environments, and food,
and this study focuses on some aspects of C. difficile in
these settings. The objectives of the study were to identify
sources/reservoirs of C. difficile in Vietnam and to evaluate
the relationship between environmental and human C. difficile
strains by molecular typing and antimicrobial susceptibility.

Methods and materials

Study setting

This study was undertaken in two northern Vietnamese
provinces within 100 km of the capital city Hanoi; Ninh Binh,
and Thai Binh. Samples were collected from healthcare facil-
ities and in the surrounding community within 40 km of the
hospitals in each province. The buildings of Ninh Binh Women
and Children’s Hospital (NBWCH) were constructed during
the 1960s and had been unoccupied for a year, while Thai Binh
Paediatric Hospital (TBPH) was a relatively new 450-bed fa-
cility constructed in 2015. NBWCH was one of the study sites
in an earlier investigation of the relationship of C. difficile in
the hospital environment and in children in Ninh Binh, which
was conducted in 2021 prior to the hospital closure (Khun et
al. 2022). Clostridioides difficile spores can survive in the en-
vironment for many months and cannot be killed with regular
disinfectant agents (Vonberg et al. 2008), so sample collection
was continued at NBWCH to maintain consistency and to see
how much C. difficile was still present. Other samples were
collected in one district of each province; the Thai Thuy dis-
trict in Thai Binh province, which was 25 km from TBPH and
the Kim Son district in Ninh Binh province, which was 40 km
from NBWCH.

Specimens

From December 2021 to February 2022, a convenience sam-
ple of stool specimens was collected from 12-month-old fe-
male pigs kept by families at their homes in Ninh Binh, and
soil was collected from these premises. Pig stool samples and
soil were collected also from a commercial pig farm in the Thai
Binh area with ~600 pigs. A tongue depressor was used to col-
lect these samples. Faecal samples were placed in sterile stool
containers. For soil samples in the pig environment, ~10 g of
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soil was picked up with a tongue depressor and placed in a
sterile Ziplock-like bag.

Potatoes were purchased from five different vendors in five
local markets in the Kim Son district and near NBWCH in
Ninh Binh City. In both healthcare facilities, swab samples
were collected from surfaces of hospital beds, floors in inpa-
tient wards, toilets, door handles, keyboards, and telephones.
Soil samples were collected at/from edges of pathways leading
to the hospital, gardens, and playgrounds at both healthcare
facilities in a similar manner as described above (Table 1). For
potatoes and surface sampling, an alcohol wipe was used to
swab a potato or surface and then placed in a sterile Ziplock-
like bag. An ~100 cm? surface was wiped for 15-20 sec and
the alcohol was allowed to evaporate before placing it in the
Ziplock-like bag.

Clostridioides difficile isolation and identification

Robertson’s cooked-meat broth (CMB; PathWest Me-
dia, Western Australia, Australia) containing gentamicin
(Sug mL™), cycloserine (250 ug mL™'), cefoxitin (8 ug
mL™"), and taurocholate (1g L7!) was used for selective
enrichment of C. difficile as described by Bowman and Riley
(1988) but with the addition of taurocholate. The alcohol
wipes, or 1-2 g of pig stool or soil sample, were inoculated
into CMBs, which were incubated at 37°C for 7 days. Al-
cohol shock on the CMBs was performed as previously
described (Khun et al. 2022), the alcohol/broth suspension
centrifuged and the supernatant discarded. The deposit was
collected with a Transwab (MWE, Corsham, Wiltshire, UK)
containing Amies medium without charcoal. All Transwabs
were transported from Vietnam to The University of Western
Australia (UWA), Perth, Western Australia, Australia, at
ambient temperature, taking about 7 days (Khun et al. 2022).
This is a process that our laboratory has used successfully for
several studies in Asian countries (Collins et al. 2017, Riley
et al. 2018, Khun et al. 2022).

In Australia, Transwabs were stored at 4°C before further
investigations, and then plated onto ChromlID C. difficile agar
(bioMérieux, Marcy L’Etiole, France) and inoculated into an-
other CMB (Putsathit et al. 2015) and/or 9 mL brain-heart
infusion broth (BHIB) containing cycloserine (250 g mL™1),
cefoxitin (8 ug mL™!), and taurocholate (1g L™'; Khun et al.
2022). ChromID plates, and BHIB with loose lids, were incu-
bated in an A35 anaerobic chamber (Don Whitley Scientific
Ltd, Shipley, West Yorkshire, UK) at 35°C for 2 and 7 days, re-
spectively. Both enrichment broths were alcohol shocked and
the resultant suspension was plated onto cycloserine cefoxitin
fructose agar (CCFA). Suspected C. difficile colonies were sub-
cultured onto blood agar and anaerobically incubated for 48 h
before identification by characteristics such as morphology,
typical odour, and chartreuse fluorescence under long-wave
(365 nm) UV light.

Molecular typing

PCR ribotyping and toxin gene profiling for tcdA, tcdB, cdtA,
and cdtB were performed as previously described (Knight et
al. 2013, Khun et al. 2022). The MinElute PCR Purification
Kit (Qiagen) was used to concentrate PCR products and a QI-
Axcel capillary electrophoresis platform with QIAxcel Screen-
Gel software (v.1.6.0.10, Qiagen GmbH, Hilden, Germany)
was used to separate and identify PCR products. All PCR
banding patterns were aligned with a reference library of RTs,
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Table 1. The distribution of C. difficile in Ninh Binh and Thai Binh provinces in Vietnam.

With C. With toxigenic
Location Sites and/or types of sample Ninh Binh » Thai Binh Samples difficile C. difficile
n (% Positive)
Community Potatoes 20 0 20 1(5%) 0
Pig faeces 20 39 59 2 (3.4%) 1(1.7%)
Pig environment soils 10 39 49 36 (73.5%) 8 (16.3%)
Total 50 78 128 39 (30.5%) 9 (7.0%)
Healthcare facilities Overall hospital soils 10 20 30 25 (83.3%) 6 (20%)
Hospital pathway soils N 0 N 5(100%) 1(20%)
Hospital playground soils 5 10 15 13 (86.7%) 5(33.3%)
Hospital garden soils 0 10 10 7 (70%) 0
Door handles 10 15 25 0 0
Ward floor surfaces 10 15 25 0 0
Keyboards and telephones 5 8 13 1(7.7%) 0
Toilet floors 10 22 32 1(3.1%) (3.2%)
Hospital beds N 20 25 2 (8%) (4%)
Total 50 100 150 29 (19.3%) 8 (5.3%)
Provinces Ninh Binh province 100 100 24 (24%) 17 (17%)
Thai Binh province 178 178 44 (24.7%) 0
Total 100 178 278 68 (24.5%) 7 (6.1%)

using the Bionumerics software package (V. 7.6.3, Applied
Maths, Sint-Martens-Latem, Belgium). Strains that did not
match the reference collection but had been isolated at least
once previously by our laboratory were given the prefix ‘QX’
(Imwattana et al. 2019). New strains in this study that had
not been seen before were termed ‘Novel’.

Antimicrobial susceptibility

Agar dilution susceptibility testing was performed to deter-
mine the minimum inhibitory concentrations (MICs) of a se-
lection of antimicrobials for all C. difficile isolates, based
on the guidelines of the Clinical Laboratory Standards In-
stitute (CLSI) and the European Committee on Antimicro-
bial Susceptibility Testing (EUCAST). The recommendations
of O’Connor et al. (2008), Freeman et al. (2015), CLSI
(Weinstein et al. 2020), and EUCAST (2021) determined
breakpoints for the following antimicrobial agents: rifaximin
(RFX), erythromycin (ERY), fidaxomicin (FDX), metronida-
zole (MTZ), amoxicillin/clavulanic acid (AMC), vancomycin
(VAN), moxifloxacin (MXF), clindamycin (CLI), and tetracy-
cline (TET). The following recommended control strains were
used: C. difficile ATCC 70057, Bacteroides fragilis ATCC
25285, Bacteroides thetaiotaomicron ATCC 29741, and Eu-
bacterium lentum ATCC 43055.

Statistical analysis

Microsoft Excel 365 and IBM SPSS software package version
28.0.1.0 (142) for Windows were used for data entry and sta-
tistical analysis. Fisher’s exact test or Pearson’s Chi-squared
test were used where appropriate to compare proportions,
with a P-value < 0.05 considered significant.

Results
Clostridioides difficile in the environmental
samples in vietham

From December 2021 to February 2022, a total of 278 sam-
ples (150 from healthcare facilities and 128 from communi-

ties) were collected from Ninh Binh and Thai Binh provinces
in northern Vietnam (Table 1). The overall prevalence of
C. difficile in these samples was 24.5% (68/278; 95% CI:
19.4%-29.5%). Of those 68 samples containing C. difficile by
culture, the proportions of C. difficile positivity in community
and healthcare facility samples were 30.5% (39/128; 95% CI:
22.5%-38.4%), and 19.3% (29/1505 95% CI: 13%-25.7%),
respectively.

Clostridioides difficile was commonly found in soil sam-
ples from various sources in communities and hospitals, and
prevalence of C. difficile ranged from 70% to 100% (Table
1). The proportions of C. difficile in swine faecal samples and
on potatoes were 3.4% (2/59; 95% CI: 0%-8%) and 5%
(1/205 95% CI: 0%—-14.6%), respectively. For healthcare fa-
cilities, C. difficile was found on one toilet floor surface in NB-
WCH (3.1%, 1/32, 95% CI: 0%-9.2%). There were two C.
difficile positive samples from hospital beds (8%, 2/25, 95%
CL: 1%-26%), one from each hospital, and one from a tele-
phone from NBWCH, however, C. difficile was not found on
door handles or hospital floors. Soils from pig farms (73.5%,
36/49, 95% CI: 61.1%-85.8%), and overall hospital soils
(83.3%,25/30,95% CIL: 70%-96.7%); hospital pathway soils
(100%, 5/5); hospital playground soils (86.7%, 13/15, 95%
CL: 69.5%-100%); and hospital garden soils (70%, 7/10,
95% CI: 41.6%-98.4%) were heavily contaminated with C.
difficile. There was no statistically significant difference in iso-
lation rates between soils from pig farms and hospital soils
(P > 0.31).

Direct culture on ChromID detected 64 of the 68 positive
samples and CMB enrichment and CCFA detected 58 of 68
samples. Of 58 positive samples, 4 extra positives were recov-
ered with culture in CMB, which direct culture did not detect.
CMB enrichment broth and direct culture recovered C. diffi-
cile from two pig stool samples, while BHIB enrichment broth
recovered only one of them. There was no significant differ-
ence between the recovery rate from direct culture and the
enrichment broth method (P > 0.3). Five isolates in samples
of soils from pig farms produced white colonies on ChromID
plates. Of the 68 positive samples, 40 had a single strain in
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each sample and 28 samples of soils contained up to six dif-
ferent strains.

Toxin gene profiling

In total, there were 120 C. difficile isolates: 94 (78.3%; 95%
CIL: 71%-85.7%) were non-toxigenic and 26 (21.7%; 95%
CI: 14.3%-29%) toxigenic strains. Most C. difficile isolates,
both toxigenic and non-toxigenic, were from soil samples
from pig environments and hospitals (detailed in Table 1).
Toxigenic C. difficile (26) comprised 23 strains with the toxin
gene profile ATBTCDT™ (88.5%, 95% CI: 76.2%-100%),
two strains A"BTCDT~ (7.7%) and one strain ATB*CDT*
(3.8%). Of the toxigenic isolates, most (23, 88.5%, 95% CI:
76.2%-100%) were from pig environment (50%, 13/26,95%
CI: 30.8%-69.2%) and healthcare (38.5%, 10/26, 95% CI:
19.8%-57.2%) soil samples. The overall prevalence of toxi-
genic C. difficile in samples of soils from pig farms (16.3%,
8/49, 95% CI: 6%-26.7%) was not significantly different
from that of hospital soil samples (20%, 6/30,95% CI: 5.7 %—
34.3%; P > 0.87).

The prevalence of toxigenic and non-toxigenic C. difficile-
positive samples in Ninh Binh was 17% (17/100, 95% CI:
9.6%-24.4%) and 7% (7/100, 95% CI: 2%-12%), respec-
tively, while in Thai Binh, toxigenic C. difficile was not de-
tected and the prevalence of nontoxigenic C. difficile was
24.7% (44/178,95% CI: 18.4%-31.1%; P < 0.001).

Molecular epidemiology

Based on the reference library and other strains in our labo-
ratory collection, the 120 C. difficile isolates were assigned to
53 different RTs, 32 previously identified and 21 novel strains.
Soils from pig farms contained 36 different RTs, followed by
hospital playground soils with 22 and hospital pathway soils
with 9. In Thai Binh, RTs 009, 038, and QX574 were the most
common in the environment at 8.3% (10/120,95% CI: 3.4%—
13.3%), 7.5% (9/120, 95% CI: 2.8%-12.2%), and 6.7%
(8/120, 95% CI: 2.2%-11.1%), respectively, while RTs 001
(5.8%, 7/120, 95% CI: 1.6%—10%), QX514 (3.3%, 4/120,
95% CI: 0.1%—6.6%), QX389 (3.3%, 4/120, 95% CI: 0.1%~—
6.6%), QX011(3.3%, 4/120, 95% CI: 0.1%-6.6%), QX107
(2.5%, 3/120, 95% CI: 0%-5.3%), and 012 (2.5%, 3/120,
95% CI: 0%-5.3%) were often detected in Ninh Binh envi-
ronmental samples (Table 2). All toxigenic C. difficile strains
in this study, RTs 001, 012, 046, 017, 014/020, 369, 126,
QX013, QX032, and QX070, were found only in Ninh Binh.
The most prevalent toxigenic C. difficile RT, RT 001, was
commonly found in pig stool, soils from pig farms, hospital
beds, and toilet floor surfaces. The 21 novel RTs, which did
not match any RTs in our collection were found in 33 isolates,
mainly from soils (97%; Table 2). Four strains had the toxin
gene profile ATBTCDT~ while the others were non-toxigenic.
Of the five non-toxigenic white colony C. difficile strains iso-
lated, one was identified as QX 400 and the other four strains
were novel.

Antimicrobial susceptibility of Vietnamese C.
difficile isolates

All 120 isolates were susceptible to metronidazole
(MICs50/MICq, 0.125/0.06 ng mL™), fidaxomicin
(MICs50/MICq, 0.03/0.06 ug mL™), vancomycin

(MICs50/MICoy, 1/1 ug mL™'), and amoxicillin/clavulanic
acid (MIC50/MICy, 0.5/0.5 ug mL~!; Tables 3 and 4). There
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was slightly decreased susceptibility to rifaximin (96.7%
susceptibility; MICso/MICgg, 0.015/2 ug mL™!) and moxi-
floxacin (95%; MICso/MICy, 2/2 ug mL™'), moderately de-
creased susceptibility to tetracycline (58.3%; MICso/MICyy,
0.25/16 ug mL™") and erythromycin (64.2%; MICso/MICoy,
1/>256 ug mL™"), and marked decrease in susceptibility to
clindamycin (19.2%; MICs50/MICog,8/>32 j1g mL™).

Phenotypic resistance to a single antimicrobial agent was
found in 30.8% (37/120; 95% CI: 22.6%-39.1%) of the
120 isolates, more commonly in pig environment soil (33.8%;
23/68; 95% CI: 22.6%-45.1%) and hospital soil (26.7%;
12/45;5 95% CI: 13.8%-39.6%) isolates. Among the 120 C.
difficile isolates, 83 (69.2%, 95% CI: 60.9%-77.4%) were
resistant to at least one class of antimicrobials, while 46
(38.3%,95% CI:29.6%-47 %) displayed resistance to at least
two classes, and 34 (28.3%, 95% CI: 20.3%-36.4%) were
multidrug-resistant, defined as resistance to three classes of an-
timicrobials. In addition, there were six isolates (5%) resistant
to four antimicrobial classes. Multidrug resistance commonly
included resistance to tetracycline, erythromycin, and clin-
damycin. There was a significant difference in antimicrobial
resistance (AMR) between toxigenic and non-toxigenic strains
for erythromycin (toxigenic, 69.2% [18/26,95% CI: 51.5%—
87%] vs non-toxigenic, 26.6% [25/94, 95% CI:17.7%—
35.5%], P < 0.001), tetracycline (toxigenic, 69.2% [18/26,
95% CI: 51.5%-87%] vs non-toxigenic, 38.3% [36/94, 95%
CIL: 28.5%-48.1%], P = 0.005), and moxifloxacin (toxigenic,
19.2% [5/26, 95% CI: 4.1%-34.4%] vs non-toxigenic, 1%
[1/94, 95% CI:.0%-3.1%], P = 0.002). Among the four most
prevalent C. difficile RTs (001, 009, 038, and QX574), RTs
009 and QX574 were resistant to only one antimicrobial, ei-
ther tetracycline or clindamycin, 60% (6/10, 95 % CI: 29.6 %—
90.4%) and 33.3% (3/9,95% CI: 2.5%—-64.1%), respectively.
However, all RT 001 and 038 strains were resistant to at least
one antimicrobial and 77.8% (7/9, 95% CI: 50.6%-100%)
of RT 038 and 85.7% (6/7, 95% CI: 59.8%-100%) of RT
001 were resistant to at least three antimicrobials. The six iso-
lates, which were resistant to four classes of antimicrobials,
macrolides, tetracyclines, quinolones and/or rifamycins were
from RTs 001, 046, 126, 369, and QX463. Five isolates of
C. difficile producing white colonies on ChromID C. difficile
agar were susceptible to all antimicrobials tested.

Discussion

CA-CDI cases likely arise from exposure to sources/reservoirs
of C. difficile in the community, rather than healthcare facili-
ties (Chitnis et al. 2013). Clostridioides difficile (most likely as
spores) can be found in lawns, on root vegetables and in the
gastrointestinal tracts of young animals and children (Chitnis
et al. 2013, Knight and Riley 2013, Lim et al. 2018, 2022, Pe-
rumalsamy et al. 2019). Food made from the internal organs
of animals, especially pigs, is popular in Asia, particularly in
Vietnam, and pigs are known to have high prevalence of C.
difficile carriage and infection (Squire and Riley 2013, Knight
etal. 2016, Tsai et al. 2016). Furthermore, pig manure is com-
monly used to fertilize agricultural land in Vietnam (Vu et al.
2007); this could contribute to widespread community con-
tamination, and subsequent contamination of root vegetables.

The overall prevalence of C. difficile in environmental sam-
ples in communities and healthcare facilities in Vietnam was
24.5% (68/278; Table 1). The proportion of C. difficile pos-
itivity in the community was 30.5% (39/128), lower than a
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Environmental C. difficile in Vietnam

study in Thailand and Malaysia (89%, 8/9 and 93%, 13/14,
respectively; Putsathit et al. 2019), however, the Thai and
Malaysian sample numbers (7 = 23) were low and collected
only from pig farms. In addition, in the studies in Thailand
and Malaysia, no isolates from the pig farm environment (soil
or water) were toxigenic (Putsathit et al. 2019), similar to our
findings in Thai Binh province. However, the prevalence of
toxigenic C. difficile isolates from pig environment soils and
all community-environmental samples in Ninh Binh province
was 18% (9/50).

The prevalence of C. difficile in stool samples from pigs in
Asia ranged from 7.8% in China (Zhang et al. 2019) to 49%
in Taiwan (Wu et al. 2016). Most C. difficile were toxigenic
and binary toxin-positive; the most prevalent toxigenic RTs
being C. difficile RTs 078 and 126 (Wu et al. 2016, Zhang et
al. 2019). The prevalence of C. difficile in pigs decreases with
increased age to <10% in pigs aged >70 days (Hawken et al.
2013) and even lower in breeding boars and sows (Norman
et al. 2009). The prevalence of C. difficile in pig faecal sam-
ples in the current study was 3.4% (2/59), much lower than
our earlier findings in Thailand (35.1%, 58/165) and Malaysia
(91.5%, 54/59; Putsathit et al. 2019), and the studies in Tai-
wan (49%,100/204; Wu et al. 2016). However, the low preva-
lence of C. difficile in the pigs in our study may be because they
were at least 1 year old.

Clostridioides difficile contamination of vegetables has
been reported from various parts of the world, and in Slove-
nia was as high as 60%, especially in potatoes with C. difficile
RTs 001, 010, 014/020, and 053 commonly detected (Tkalec
et al. 2020). In Australia, the prevalence of C. difficile in root
vegetables in Western Australia varied from 5% to 55.6%
with the highest prevalence also in potatoes (55.6%; Lim et
al. 2018). Our prevalence of C. difficile from potatoes was
the same as the low end of the Western Australian root veg-
etable study (5%), although the number of samples was small
(n = 20) and, interestingly, the C. difficile strain isolated was
novel, i.e. not present in our reference collection.

Clostridioides difficile spore contamination in the environ-
ment of healthcare facilities is considered an important source
of hospital-acquired CDI transmission (Rutala and Weber
2013). In the current study, the prevalence of C. difficile in soil
samples from hospital pathways, playgrounds, and gardens
was 100% (5/5), 86.7% (13/15),and 70% (7/10), respectively.
This was higher than similar studies in Australia, where the
overall prevalence of C. difficile in hospital soils was 60.4%
(96/159; range 52%-76.2%; Perumalsamy et al. 2019). There
were 48 C. difficile isolates from 30 hospital ground samples
and slightly less than a quarter (22.9%) were toxigenic, not
significantly different from the Australian study (29.5%; Pe-
rumalsamy et al. 2019).

Recently, the prevalence of C. difficile on room floors in a
large hospital in the USA was ~50% (Srinivasa et al. 2019).
In Australia, the prevalence of C. difficile on hospital floors,
and shoes of medical staff, visitors, and patients, was 29.7%
(89/300) and 32% (96/300), respectively (Lim et al. 2022). In
our study, the prevalence was low, compared to the US and
Australian studies as C. difficile was detected on 7.7% (1/13)
of telephones, 3.1% (1/32) of toilet floors, and 8% (2/25) of
hospital beds. Furthermore, we did not isolate C. difficile from
door handles and ward floor surfaces. However, NBWCH had
been unoccupied for a year, and there were no known CDI
cases at TBPH, a relatively new hospital, at the time of sam-

pling.

There were four predominant strains of C. difficile in the
present study: C. difficile RTs 009 (8.3%,10/120),038 (7.5%,
9/120), QX574 (7.5%, 9/120; all non-toxigenic), and the tox-
igenic RT 001 (5.8%, 7/120). Clostridioides difficile RTs 001
ATBTCDT" and 038 A"B"CDT~ were isolated from pig fae-
ces in Ninh Binh and Thai Binh provinces. In the Thai and
Malaysian studies, RT 038 was the most prevalent C. diffi-
cile RT found in pig rectal swab samples and pig farm soils
(Putsathit et al. 2019). Clostridioides difficile RT 126 was
the only CDT™ strain isolated in this study and belongs to
clade 5 (Knight and Riley 2016). Clostridioides difficile RT
126 and the closely related RT 078 have been found in calves
aged <7 days in Shandong province in China (Zhang et al.
2020). In Taiwan and Japan, RT 078-related strains (RTs 126
and 127) are common in pigs and are considered to have
high potential for zoonotic transmission to humans (Tsai et
al. 2016, Wu et al. 2016, Usui et al. 2017). Our C. difficile RT
126 isolate was detected only in a soil sample from a pig farm
and there have not yet been reports of CDI in humans caused
by RT 126 in Vietnam. Five C. difficile isolates that produced
white colonies on ChromID C. difficile agar were detected in
samples from soils from pig farms. Clostridioides difficile iso-
lates derived from white colonies lack a B-glucosidase gene
and do not have the ability to hydrolyse esculetin in ChromID
agar and thus produces a white not black colony (Imwattana
et al. 2023).

Based on the findings of our earlier paediatric study and the
present study, ~50% (15/32) of identified RTs were found in
both the environmental and children’s stool samples (Khun et
al. 2022). Clostridioides difficile RTs 012,017, 046, QX 107,
and QX 463 were found only in healthcare facilities, while
RTs 009, QX 573, and QX 671 were found only in com-
munities. Clostridioides difficile RTs 038, QX 011, QX 138,
QX 514, QX 552, QX 574, and QX 674 were found in both
healthcare facilities and communities. The antimicrobial sus-
ceptibility profiles of C. difficile isolates from environmental
and children stool samples were not significantly different sug-
gesting, possibly, a close association between the environment
and children. Additionally, children are likely to bring C. dif-
ficile from the community into the hospital either as contam-
inants of clothing or shoes or as ingested C. difficile spores.
Lim et al. (2022) used whole genome sequencing (WGS) to
confirm C. difficile spores in hospitals can be introduced from
the community.

In the current study, several other strains were identified
as having zoonotic transmission potential via environmen-
tal contamination in Vietnam. Both C. difficile RTs 001 and
QX574 were found in pig farm soils and pig faeces, as well
as on hospital beds, hospital telephones, and/or ward floors.
In our earlier paediatric study in Vietnam, C. difficile QX574
was isolated from a patient with diarrhoea in TBPH. Clostrid-
ioides difficile RT 001 was not detected in either NBWCH
and TBPH (Khun et al. 2022), but toxigenic C. difficile RTs
001, 012, 014/020, 046, 017, QX032, and 070 were identi-
fied in hospital environmental samples. These RTs have pre-
viously been found in Vietnamese investigations of CDI. In a
study conducted from 2013 to 20135, four common C. difficile
strains, including trf (RT 369), RT 017, cc835 (RT 012), and
0g39 (RT 046), caused antibiotic-associated CDI in adults in
Hanoi (Duong 2017). In another study of CDI in adults, C. dif-
ficile strains trf (RT 369), RT 017, cc835 (RT 012), and 0g39
(RT 046) accounted for 86.2% of isolates and the rest be-
longed to RT 014, ozk, cr,and RT 001 (Giang 2020). Clostrid-

€202 1SNBNy /| U0 Jasn Z [ora-Aieiqi ‘Aisioniun uemoD yiipg suonisinboy sieuas Aq /€61 2/8 1 LPEX|/9/E L/aI0IMe/oIquEljwoo"dno-ojwapese//:sdny Wwoly papeojumoq



ioides difficile RT 001 in adults with CDI accounted for 2% of
diarrhoeal stool isolates (Duong 2017, Giang 2020). Accord-
ing to Zhou et al. (2021), the transmission of C. difficile was
confirmed between animals, the environment, and humans us-
ing WGS. The most prevalent strains were RTs 001, 046 and
596, and RTs 012, 017, and 046 were among the strains cir-
culating in the hospital environment and caused CDI (Zhou
et al. 2021). Several samples, pig environment soils, pig stool,
toilets, and hospital beds, were positive for toxigenic RT 001,
suggesting this was a zoonotic strain in Vietnam. Although C.
difficile RT 001 was not reported in diarrhoeal stool samples
of children at NBWCH, RTs 012, 017, and 046 were detected
(Khun et al. 2022). Interestingly, these RTs were found in the
hospital environment in the current study, so toxigenic C. dif-
ficile RTs 012, 017, and 046 clearly circulated in healthcare
facilities and might also be hospital acquired.

Antimicrobial susceptibility data have rarely been reported
for C. difficile in Vietnam (Duong 2017, Giang 2020, Lew
et al. 2020). In 12 Asia-Pacific countries, C. difficile iso-
lates were susceptible to fidaxomicin, vancomycin, amox-
icillin/clavulanate, and metronidazole (Lew et al. 2020),
while they were resistant to varying degrees to rifaximin
(15.5%), clindamycin (80.7%), erythromycin (55.3%), and
moxifloxacin (44.4%). Toxigenic C. difficile strains in Viet-
nam are frequently resistant to rifaximin, moxifloxacin, clin-
damycin, and erythromycin (Duong 2017, Giang 2020, Lew
et al. 2020). In the current study, the susceptibility of all
C. difficile isolates to fidaxomicin, metronidazole, amoxi-
cillin/clavulanate, and vancomycin was similar to the findings
of our earlier paediatric study (Khun et al. 2022). In com-
parison, resistance prevalence in C. difficile isolates in the
current environmental and earlier paediatric studies to clin-
damycin, moxifloxacin, and rifaximin were 65% vs 90.1%,
5% vs 6.5%,and 3.3% vs 3.3 %, respectively, not significantly
different. The Asia-Pacific study showed 85.7% of Vietnamese
isolates were resistant to erythromycin (12/14, MICs5o/MICyq
=>256/>256 ug mL™'; Lew et al. 2020), while 35.8% of cur-
rent isolates were (43/120, MICso/MICgp = 1/>256 ug mL™).

AMR in C. difficile has become a major issue world-wide
with the US Centers for Disease Control and Prevention rat-
ing C. difficile as an urgent AMR public health threat in the
USA (CDC 2019). Clostridioides difficile has an extensive
repertoire of AMR, which includes resistance to lincomycin
and clindamycin, aminoglycosides, tetracyclines, macrolides,
cephalosporins, penicillins, and fluoroquinolones (O’Grady et
al. 2021). In Vietnam, regulation of antimicrobials in human
and veterinary medicine is poor and, in the present study,
AMR was particularly high for clindamycin, erythromycin,
and moxifloxacin. Various resistance mechanisms in C. dif-
ficile have been described, including chromosomal resistance
genes, mobile genetic elements, alterations to metabolic path-
ways and antimicrobial targets, and biofilms (Spigaglia et al.
2018), with some strains showing multidrug resistance, as
seen in our study. The spread of these AMR strains of C. diffi-
cile presents particular challenges to controlling infections in
healthcare settings where it is likely that some resistant strains
are being brought into hospitals from the external environ-
ment.

Conclusion

This is the first study of C. difficile in the environment of Viet-
namese communities and hospitals. The prevalence of C. dif-
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ficile in soil samples was high and a wide range of C. difficile
RTs was identified, the majority of which were non-toxigenic.
Children are likely to transmit C. difficile from the commu-
nity to healthcare facilities. Clostridioides difficile RT 001 was
more likely zoonotic, while RTs 012,017, and 046 were more
healthcare-related transmission. Toxigenic C. difficile isolates,
including RT 001 and the non-toxigenic RT 038, displayed
multidrug resistance. The main limitation of this study was
that we assessed a relatively narrow range of samples from
production animals and vegetables in the Vietnamese commu-
nity. Future research should evaluate the regulation of toxi-
genic strains or multidrug resistance that could become a se-
rious issue in Asia and to further investigate the relationship
of C. difficile strains in clinical human samples and the envi-
ronment with WGS. Clostridioides difficile RTs 126 and 001
should be closely monitored in terms of the epidemiology of
the infections they cause and the development of preventative
strategies.
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