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A B S T R A C T

Information on the epidemiology of C. difficile infection (CDI) in South-East Asian countries is limited, as is data
on possible animal reservoirs of C. difficile in the region. We investigated the prevalence and molecular epide-
miology of C. difficile in piglets and the piggery environment in Thailand and Malaysia. Piglet rectal swabs
(n=224) and piggery environmental specimens (n=23) were collected between 2015 and 2016 from 11 farms
located in Thailand and Malaysia. All specimens were tested for the presence of C. difficile with toxigenic culture.
PCR assays were performed on isolates to determine the ribotype (RT), and the presence of toxin genes. Whole
genome sequencing was used on a subset of isolates to determine the evolutionary relatedness of RT038 (the
most prevalent RT identified) common to pigs and humans from Thailand and Indonesia. C. difficile was re-
covered from 35% (58/165) and 92% (54/59) of the piglets, and 89% (8/9) and 93% (13/14) of the environ-
mental specimens from Thailand and Malaysia, respectively. All strains from Thailand, and 30 strains from
Malaysia (23 piglet and 7 environmental isolates) were non-toxigenic. To our knowledge, this is the first and
only report with a complete lack of toxigenic C. difficile among piglets, a feature which could have a protective
effect on the host. The most common strain belonged to RT038 (ST48), accounting for 88% (51/58) of piglet and
78% (7/9) of environmental isolates from Thailand, and all 30 isolates tested from Malaysia. Piglet RT038
isolates from Thailand and Malaysia differed by only 18 core-genome single nucleotide variants (cgSNVs) and
both were, on average, 30 cgSNVs different from the human strains from Thailand and Indonesia, indicating a
common ancestor in the last two decades.

1. Introduction

Previously regarded as healthcare-associated, in recent years
Clostridium difficile infection (CDI) has been increasingly diagnosed in
the community and among individuals lacking traditional risk factors
(Khanna et al., 2012). A large body of research is now dedicated to
elucidating possible reservoirs of infection outside the hospital system
(Hensgens et al., 2012; Rodriguez et al., 2016). So far, there are some
convincing evidence suggesting CDI is a zoonotic disease. C. difficile
PCR ribotype (RT) 078, which was highly prevalent among neonatal
pigs (83% in North America (Keel et al., 2007) and 12–33% in Asia
(Tsai et al., 2016; Usui et al., 2014; Wu et al., 2016)), was the third most
common RT (8%; 31/389) among human patients in Europe (Bauer
et al., 2011). Furthermore, some human and pig strains of C. difficile RT

078 are genetically identical by whole genome sequencing (WGS)
(Knetsch et al., 2014). The widespread presence of C. difficile in do-
mestic, zoo, wild and food animals could play a significant role in
transmission events in the community and there have been concerns
about food contamination with C. difficile (Weese, 2010). Indeed, C.
difficile is widely present in retail food (Lim et al., 2018; Rodriguez
et al., 2016). C. difficile is also abundant in community and natural
environments (Rodriguez et al., 2016; Songer et al., 2009; Varshney
et al., 2014). The recovery of toxigenic C. difficile RTs known to cause
human disease from these sources led many to hypothesise that the
increasing incidence of community-associated CDI (CA-CDI) was driven
by exposures to contaminated food and the environment. To fully un-
derstand the epidemiology of CDI, surveillance of C. difficile in animals,
food and the environment is essential. To date, the vast majority of such
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investigations have been conducted in North America, Europe and
Australia, and very little is known about CDI in Asia in general, and
specifically in animals. This study aimed to investigate the prevalence
of CDI among piglets and the piggery environment in Thailand and
Malaysia, to describe the molecular epidemiology of C. difficile strains
isolated and to determine the evolutionary relatedness between C. dif-
ficile strains from humans, animals and the environment.

2. Materials and methods

2.1. Collection of rectal swabs and epidemiological data

Rectal swabs were obtained from piglets between September 2015
and June 2016. Specimens were obtained from a minimum of six dif-
ferent litters per farm via random selection. To investigate the en-
vironmental contamination of C. difficile in piggery, soil (ca. 20 g) and
effluent water sample (ca. 20ml) from each farm were also collected
from sites surrounding farrowing sheds. Rectal swabs and environ-
mental specimens were maintained at 4 °C during storage and at am-
bient temperature during transportation. Age and scouring status of the
piglets sampled was also recorded.

2.2. Isolation and identification of C. difficile

Stool specimens were cultured both directly on C. difficile ChromID
agar (bioMérieux, Marcy l’Etoile, France) and in a cooked meat en-
richment broth containing gentamicin (5mg/L), cefoxitin (10mg/L),
cycloserine (200mg/L) and taurocholate (0.1%) for 48 h as previously
described (Putsathit et al., 2015). Environmental specimens (10 g or
10mL) were inoculated in pre-reduced brain heart infusion enrichment
broths supplemented with taurocholate (1 g/L), cycloserine (250mg/L)
and cefoxitin (8 mg/L) and incubated anaerobically at 35 °C for 7 days.
To select for spores, 1 ml of each enrichment broth was added to equal
volumes of 96% ethanol, left at room temperature for at least 60min
and then plated onto C. difficile ChromID agar (bioMerieux). All plates
were incubated in an anaerobic chamber (A35, Don Whitley Scientific
Ltd., Shipley, West Yorkshire, United Kingdom) at 37 °C in an atmo-
sphere containing 80% N2, 10% CO2, and 10% H2. Putative C. difficile
colonies were identified as described previously (Putsathit et al., 2015).

2.3. Molecular characterisation of C. difficile isolates

All C. difficile from Thailand and a subset of strains from Malaysia
were screened by in-house PCRs for the presence of toxins A and B
genes (tcdA and tcdB, respectively), and binary toxin genes (cdtA and
cdtB) (Putsathit et al., 2015), and PCR ribotyping was performed as
previously described (Knight et al., 2013). Isolates that could not be

identified with the reference library were designated with an internal
nomenclature, prefixed with QX.

2.4. Whole genome sequencing

A subset of strains underwent WGS and were investigated by in silico
multi-locus sequence typing (MLST) and core genome single nucleotide
variant (cgSNV) analysis, as previously described (Knight et al., 2016).
For cgSNV analysis, C. difficile strain 630 (sequence type [ST] 54, clade
1, accession AM180355) was used as a reference. WGS data have been
submitted to the European Nucleotide Archive under study
PRJEB32765 [sample accessions ERS3466610 (isolate I0020),
ERS3466611 (MP001), ERS3466612 (TAP005), and ERS3466613
(THP196)].

3. Results

3.1. Prevalence and molecular epidemiology of C. difficile in piglets and
piggery in Thailand

A total of 165 piglet rectal swabs were collected from five piggeries
located in central and eastern provinces of Thailand, Chonburi (Farm
T1), Ratchaburi (Farms T2-T3) and, Nakhon Pathom (Farms T4-T5)
(Table 1). In total, 53 (32.1%) specimens were positive for C. difficile by
direct culture and an additional five (3.0%) specimens grew C. difficile
only after enrichment. Among farms, the highest prevalence was ob-
served for Farm T3 (82.4%; 28/34), followed by Farms T2 (48.1%; 13/
27), T1 (23.3%; 7/30), T5 (20.5%; 9/44) and T4 (3.3%; 1/30). All 58 C.
difficile isolates were non-toxigenic (Table 2) and the majority belonged
to RT 038 (87.9%; 51/58). The remainder belonged to RTs 010 (8.6%;
5/58), QX553 (1.7%; 1/58) and QX554 (1.7%; 1/58), all of which were
isolated only from specimens collected from Farm T3 (Table 2). Age and
scouring data were available for 162 animals. Piglets included aged
between 1 and 23 days. When stratified by age, 25.9% (42/162), 59.3%
(96/162) and 14.8% (24/162) of the piglets belonged to age groups

Table 1
C. difficile culture results for rectal swabs collected from piglets in Thailand, by age group and farm (T1-T5).

Culture Age group N specimens Total

T1 T2 T3 T4 T5

POS 1 to 7 days 0 7 10 0 2 19
8 to 14 days 7 6 18 0 7 38
15 to 23 days 0 0 0 0 0 0
Unknown 0 0 0 1 0 1
Total 7

(23.3)
13 (48.1) 28 (82.4) 1

(3.3)
9
(20.5)

58 (35.2)

NEG 1 to 7 days 0 7 6 0 10 23
8 to 14 days 23 7 0 3 25 58
15 to 23 days 0 0 0 24 0 24
Unknown 0 0 0 2 0 2
Total 23 (76.7) 14 (51.9) 6

(17.6)
29 (96.7) 35 (79.5) 107 (64.8)

Grand total 30 (18.2) 27 (16.4) 34 (20.6) 30 (18.2) 44 (26.7) 165 (100.0)

Table 2
C. difficile PCR ribotypes isolated from piglets in Thailand, by farm.

PCR
ribotypea

N (%) specimens

Farm T1 Farm T2 Farm T3 Farm T4 Farm T5 Total

038 7 (100.0) 13 (100.0) 21 (75.0) 1 (100.0) 9 (100.0) 51 (87.9)
010 0 (0.0) 0 (0.0) 5 (17.9) 0 (0.0) 0 (0.0) 5 (8.6)
QX553 0 (0.0) 0 (0.0) 1 (3.6) 0 (0.0) 0 (0.0) 1 (1.7)
QX554 0 (0.0) 0 (0.0) 1 (3.6) 0 (0.0) 0 (0.0) 1 (1.7)
Total 7 (12.1) 13 (22.4) 28 (48.3) 1 (1.7) 9 (15.5) 58

a All isolates were non-toxigenic.
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1–7, 8–14 and 15–23 days, respectively (Table 1). The prevalence of C.
difficile in these age groups was 45.2% (19/42), 39.6% (38/96) and
0.0% (0/24), respectively (Table 1). The decline in C. difficile coloni-
sation with increasing age was significant (OR 0.88, p=0.001) and the
highest prevalence was seen in the 1-7-day age group. Scouring was
observed in 72 (44.4%) of the piglets. C. difficile was more common
among non-diarrhoeic than diarrhoeic piglets although this difference
was not statistically significant (64.9%; 37/57 vs. 35.1%; 20/57,
p=0.077).

One soil sample and one effluent water sample were collected per
farm, except for Farm T4 (only one soil sample). All environmental
specimens (88.9%; 8/9) grew C. difficile, except for a water sample from
Farm T3 (Table 3). A soil specimen from Farm T1 contained two iso-
lates, RTs 038 and QX612. RT 038 (77.8%; 7/9) was the most prevalent
RT and all environmental isolates were non-toxigenic (Table 3).

3.2. Prevalence and molecular epidemiology of C. difficile in piglets and
piggery in Malaysia

A total of 59 7-day-old piglet rectal swabs were collected from
Selangor (Farms M1-M4) and Perak states of Malaysia (Farms M5-M6)
(Table 4). None of the piglets had diarrhoea. In total, 48 (81.4%) spe-
cimens were positive for C. difficile by direct culture and an additional
six (10.2%) specimens grew C. difficile only after enrichment. All spe-
cimens from Farms M4, M5 and M6 were positive for C. difficile. The
prevalence was 90.0% (9/10) for both Farms M2 and M3, and was
66.7% (6/9) for Farm M1 (Table 4). One soil sample and one effluent
water sample were collected per farm, except for Farm M5 (only one
effluent water sample and three farrowing shed swabs). All environ-
mental specimens grew C. difficile, except for a water specimen from
Farm M1 (prevalence of 92.9%; 13/14). Thirty isolates were selected
for PCR ribotyping and toxin gene profiling, including 23 rectal swab
isolates (5, 1, 4, 2, 7 and 4 from Farms M1 to 6, respectively) and 7
environment isolates (1 effluent water isolate each from Farms M2, M3,
M5 and M6, 1 soil isolate from Farm M3, and 2 farrowing shed isolates
from Farm M5). All of the isolates were the non-toxigenic RT 038. The
RT banding patterns of C. difficile isolated from piglets and piggery
environment are shown in Fig. 1.

3.3. Comparative genomic analysis

A total of 4 strains were investigated by WGS, including one strain
each of RT 038 (the most common RT) from piglets in Thailand and
Malaysia, and one strain each of RT 038 from humans in Thailand and
Indonesia collected in previous studies (Collins et al., 2017; Putsathit,
Maneerattanaporn, Piewngam, Kiratisin, et al., 2017a.2017b). In silico
MLST analysis did not further differentiate the isolates with all RT 038
belonging to clade 1 ST 48. Core genome analysis showed that piglet RT
038 isolates from Thailand and Malaysia differed by only 18 cgSNVs.
Moreover, these strains were, on average, only 30 cgSNVs different
from the human strains from Thailand and Indonesia (Table 5).

4. Discussion

The emergence of CA-CDI (cases of CDI detected ≤48 h post ad-
mission) and the mounting evidence supporting CDI as a zoonotic dis-
ease has stimulated significant interest in finding reservoirs of C. diffi-
cile in the community (Bloomfield and Riley, 2016). Given the paucity
of C. difficile epidemiological data in animals and the environment in
Asia, this study aimed to describe the prevalence and molecular char-
acteristics of C. difficile isolated from piglets in Thailand and Malaysia,
and their surroundings.

C. difficile was isolated from 35.2% and 91.5% of piglets in Thailand
and Malaysia, respectively. The most commonly reported risk factors
for CDI/colonisation in piglets included animal age, environmental
contamination and antimicrobial exposure (Kiss and Bilkei, 2005;
Moono, Foster, et al., 2016a). Neonatal piglets are highly susceptible to
C. difficile colonisation due to the absence of an established gut flora,
and C. difficile is most frequently observed among 1-7-day-old piglets
(Songer and Anderson, 2006; Songer and Uzal, 2005). As described
previously (Moono, Putsathit, et al., 2016b; Norman et al., 2009; Susick
et al., 2012; Weese et al., 2010), the prevalence of C. difficile in piglets
in Thailand significantly declined as their age increased (45.2%, 39.6%
and 0.0% in piglets aged 1–7, 8–14 and 15–23 days, respectively; OR
0.88, p=0.001). The high prevalence of C. difficile among 7-day-old
piglets in Malaysia is also consistent with other studies (Moono,
Putsathit, et al., 2016b; Norman et al., 2009; Susick et al., 2012; Weese
et al., 2010).

Although direct comparison of prevalence data between studies
cannot be made due to variations in risk factors, reports from other
Asian countries suggest a similar decline in prevalence among older
pigs. In Japan, 57.5% (69/120) of the<12-day-old piglets from 12
Japanese farms tested positive for C. difficile (Usui et al., 2014). In
Taiwan, 85.1% (114/134) of pigs from 16 piggeries were positive for C.
difficile. The majority (64.2%; 86/134) of the pigs in the study were<7
days old (Tsai et al., 2016). Another Taiwanese study reported 49.0%
(100/204) overall prevalence of C. difficile among piglets from 13
commercial farms (Wu et al., 2016). When stratified, the prevalence
was 52.6% (50/95), 25.0% (14/56) and 67.9% (36/53) among suckling
pigs, nursery pigs and sows, respectively. The decline in prevalence
with an increase in piglet age is consistent with our results.

The most striking difference between this study and studies con-
ducted elsewhere, in Asia and other continents, was the absence of
toxigenic C. difficile. All isolates from four out of five farms in Thailand
and all Malaysian isolates were clonal (RT 038, an A-B-CDT- ST 48

Table 3
PCR ribotypes of C. difficile isolated from the Thai piggery environment, by
farm.

Farm Sample type Culture PCR ribotypea

T1 soil Positive 038 and QX612b

water Positive 038
T2 soil Positive 038

water Positive 038
T3 soil Positive 038

water Negative −
T4 soil Positive QX107
T5 soil Positive 038

water Positive 038

a All isolates were non-toxigenic.
b Soil sample contained two isolates.

Table 4
C. difficile culture results for rectal swabs collected from piglets in Malaysia, by farm.

Culture N (%) specimens

Farm M1 Farm M2 Farm M3 Farm M4 Farm M5 Farm M6 Total

Positive 6 (66.7) 9 (90.0) 9 (90.0) 10 (100.0) 10 (100.0) 10 (100.0) 54 (91.5)
Negative 3 (33.3) 1 (10.0) 1 (10.0) 0 (0.0) 0 (0.0) 0 (0.0) 5 (8.5)
Total 9 (15.3) 10 (16.9) 10 (16.9) 10 (16.9) 10 (16.9) 10 (16.9) 59 (100.0)
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lineage belonging to clade 1). Only Farm T3 exhibited greater strain
diversity and an additional three RTs were recovered. These included
internationally recognised non-toxigenic RT 010 and two novel RTs,
both of which were non-toxigenic.

Non-toxigenic C. difficile was isolated from 10.0% (10/100) of the
pigs in Taiwan (8.0%; 4/50 in suckling pigs, 35.7%; 5/14 in nursery
pigs and 2.8%; 1/36 in sows) (Wu et al., 2016) and from 39.0% (39/
100) of the piglets in Japan (RT 038 being the second most common
strain, 20%; 20/100) (Usui et al., 2014). In the majority of pig studies
conducted outside Asia, non-toxigenic C. difficile occurred at a rela-
tively lower prevalence: 1.6% (4/245) in USA (North Carolina) (Susick
et al., 2012), 5.0% (7/140) in Spain (Alvarez-Perez et al., 2009), 5.6%
(1/18) in Belgium (Rodriguez et al., 2012), 13.3% (81/609) (Fry et al.,
2012)−15.3% (33/215) (Thakur et al., 2010) in USA (North Carolina
and Ohio) and 16.2% (24/154) in Australia (Knight et al., 2015). The
present study appears to be the first and only report with a complete
lack of toxigenic C. difficile among piglet isolates, suggesting a possible
unique C. difficile epidemiology among pigs in Thailand and Malaysia.

The high prevalence of non-toxigenic strain in this study is con-
gruent with the relatively high prevalence of non-toxigenic strains ob-
served among inpatients in Asia (15.6% or 66/422 in Thailand
(Putsathit, Maneerattanaporn, Piewngam, Kiratisin, et al., 2017a,b) and
10.6%; 36/340 in Indonesia (Collins et al., 2017), including RT 038
(1.9% or 2/105 in Thailand (Putsathit, Maneerattanaporn, Piewngam,
Kiratisin, et al., 2017a,b) and 2.7% or 2/74 in Indonesia (Collins et al.,
2017). However, it is noteworthy that the prevalence and character-
istics of non-toxigenic strains of C. difficile are not well understood in
most of the world. CDI is a toxin-mediated disease and therefore non-
toxigenic strains of C. difficile do not cause disease and studies usually
do not report on non-toxigenic strains (Rodriguez et al., 2016). Fur-
thermore, to detect non-toxigenic strains, culture has to be performed, a
practice that is uncommon throughout the world (particularly in Asia)
and confined to a handful of reference laboratories with anaerobic
culture facilities. However, a high proportion of non-toxigenic strains of
C. difficile isolated from humans in South-East Asia is resistant to
multiple antimicrobials (Putsathit, Maneerattanaporn, Piewngam,
Knight, et al., 2017a,b) and this knowledge may be important in an area
of the world where antimicrobial misuse is a problem.

In addition, non-toxigenic strains of C. difficile are protective against
colonisation with toxigenic strains. Oral administration of non-toxi-
genic C. difficile before challenging hamsters with a toxigenic strain
reduced toxigenic C. difficile colonisation and increased survival
(Wilson and Sheagren, 1983). This observation lead researchers to
postulate that carriage of non-toxigenic C. difficile provides protection
against subsequent CDI. Although the mechanism remains unknown, it
was thought that both non-toxigenic and toxigenic C. difficile share the
same niche and hence the presence of one can competitively exclude
colonisation by another (Villano et al., 2012). Hospitalised patients
colonised with C. difficile (either toxigenic or non-toxigenic strains)
have a significantly lower risk of CDI compared to non-colonised pa-
tients in the same ward (Shim et al., 1998). Those carrying toxigenic
strains were believed to be protected by the serum antibody against C.
difficile toxin, which was higher in asymptomatic carriers compared to
symptomatic patients (Kyne et al., 2000). Villano et al. (2012) orally
administrated spores of non-toxigenic C. difficile to healthy adults.
Persistent colonisation was observed on days 21–28 in 44% of the
subjects, none of whom experienced serious adverse events. Oral ad-
ministration of non-toxigenic C. difficile appeared to be a viable pre-
ventative measure against CDI in humans.

The lack of toxigenic strains suggested a lack of CDI among piglets
in Thailand and Malaysia. Notwithstanding the unclear clinical impact,
as previously described, colonisation with non-toxigenic strains could
have a protective effect on the host. Songer et al. (2007) observed a
marked increase in the number of weaned piglets per litter and higher
average weaning weight among piglets that were administered spores
of non-toxigenic C. difficile (106 spores orally within 24 h of birth).
Oliveira Júnior et al. (2019) orally administered 1-day-old piglets in a
commercial pig farm with 106 spores of non-toxigenic C. difficile, and
reported a significantly lower incidence of CDI (25.0% and 7.8%,
p=0.003) and severity of diarrhoea among CDI cases (p < 0.001) in
the treated compared to the control groups. Indeed, in the present
study, C. difficile was more common among non-diarrhoeic than diar-
rhoeic piglets. The situation observed among piglets appears to be
analogous to that seen in humans, and the presence of non-toxigenic
strains in piglets and the environment could have a beneficial impact on
the herd.

Fig. 1. PCR ribotyping patterns for C. difficile
isolated from humans, piglets and the piggery
environment in Thailand and Malaysia. Strain
origin, prevalence and the corresponding toxin
gene profile are also provided for each RT. a

For comparative purposes, epidemic reference
RTs 027 and 078 (ref), and human RTs 010 and
038 isolates are also added. b Data from the
current study. c Not all Malaysian strains were
typed. d Prevalence reported in previous
human studies for Thailand (Putsathit,
Maneerattanaporn, Piewngam, Kiratisin, et al.,
2017a.b) and Indonesia (Collins et al., 2017).
Top scale represents intergenic spacer region
fragments sizes in kb.

Table 5
Pairwise core genome single nucleotide variant (cgSNV) distances between C. difficile RT 038 isolated from piglets and humans, and the associated epidemiological
data.

I0020 MP001 TAP005 THP196 CD630 Lab ID Origin Year Location

0 31 37 38 7977 I0020 Human inpatient 2014 Central Java, Indonesia
0 18 23 7976 MP001 Piglet 2015 Selangor, Malaysia

0 29 7982 TAP005 Piglet 2015 Ratchaburi, Thailand
0 7983 THP196 Human inpatient 2015 Bangkok, Thailand

0 CD630 – – –
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Contrasting our results was the high prevalence of toxigenic C.
difficile seen in Japan and Taiwan. In Japan, 61.0% (61/100) of piglet
strains were toxigenic (tcdA and tcdB positive), of which 42.6% (26/61)
were binary toxin positive also (Usui et al., 2014). The third most
common RT was 078 (12.0%; 12/100). Of great concern was their
multiple-locus variable number tandem repeat analysis (MLVA) that
revealed genetic identity between Japanese RT 078 piglet isolates and
RT 078 isolates obtained from European patients, although this may
indicate relatively quick clonal expansion of RT 078 around the world
as described recently (Knetsch et al., 2018; Knight et al., 2019). Similar
to Thailand, breeding pigs in Japan were imported from Europe and
this suggests introduction of the epidemic strain via importation (Usui
et al., 2014). This appeared to not be the case for Thailand.

WGS data revealed that RT 038 strains isolated from piglets in
Thailand and Malaysia were only 18 cgSNVs apart and both were, on
average, 30 cgSNVs apart from RT 038 strains isolated from humans in
Thailand and Indonesia. Based on approximations of the C. difficile
molecular clock (1–2 cgSNVs per genome per year), several studies
have proposed a cut-off of ≤2 cgSNVs to signal a plausible clonal C.
difficile transmission event (Knight et al., 2016). In our study, although
the WGS did not indicate clonal transmission, the data implies that
piglet strains from Malaysia and Thailand shared a common ancestor in
the last two decades, and both strains shared a common ancestor with
human strains in the past three decades. The presence of closely related
strains in humans and animals further supports the growing view of the
zoonotic potential of C. difficile.

This study provided the first data on C. difficile colonisation of
piglets and C. difficile contamination of the farming environment in
Thailand and Malaysia. It also provided internationally recognised C.
difficile typing data on the isolates and demonstrated important differ-
ences between C. difficile epidemiology among piglets in Thailand and
Malaysia compared to that seen in other countries.

Due to time and resource limitations, the study only included five
farms located in three provinces of Thailand and six farms located in
two states of Malaysia, and only a small number of environmental
specimens was collected. It is uncertain whether the C. difficile coloni-
sation dynamic would be different in farms in other parts of each
country and the level of environmental contamination remains largely
unexplored. Moreover, the investigated farms belonged to relatively
smaller swine operations. Given the dominance of large swine en-
terprises, investigations involving these facilities may be more relevant
from a public health standpoint. Access to these facilities, however, is
limited by commercial concerns. Despite these limitations, the pre-
liminary data obtained will assist veterinarians in animal care and re-
searchers in designing future studies.

C. difficile was found at high prevalence in piglets and piggeries in
Thailand and Malaysia. The complete lack of toxigenic strains corre-
lated with the high prevalence of non-toxigenic C. difficile in humans in
this region. As this is a relatively small study, the generalisability of the
results remained to be confirmed. Although not found in the present
study, toxigenic C. difficile may be present in livestock in Thailand and
Malaysia. Only with further epidemiological studies will we fully un-
derstand the magnitude of the impact that C. difficile has on the health
and well-being of humans and animals in this region.
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