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Abstract

While Clostridium difficile infection (CDI) has come to prominence as major epidemics have occurred in North
America and Europe over the recent decade, awareness and surveillance of CDI in Asia have remained poor.
Limited studies performed throughout Asia indicate that CDI is also a significant nosocomial pathogen in this
region, but the true prevalence of CDI remains unknown. A lack of regulated antibiotic use in many Asian countries
suggests that the prevalence of CDI may be comparatively high. Molecular studies indicate that ribotypes 027 and
078, which have caused significant outbreaks in other regions of the world, are rare in Asia. However, variant toxin
A-negative/toxin B-positive strains of ribotype 017 have caused epidemics across several Asian countries. Ribotype
smz/018 has caused widespread disease across Japan over the last decade and more recently emerged in Korea.
This review summarises current knowledge on CDI in Asian countries.
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Introduction
Clostridium difficile causes infection ranging from mild
diarrhoea to pseudomembranous colitis (PMC), prima-
rily in older age patients who have been exposed to anti-
biotics. Epidemics of C. difficile infection (CDI) have
occurred in North America and Europe over recent de-
cades and the epidemiology of CDI in these regions is
well-documented. These epidemics have demonstrated
the need for surveillance of the international movement
of C. difficile strains [1]. Circulating strains in Asia, as in
other regions, have the potential to spread internatio-
nally, warranting close monitoring of the prevalence and
molecular epidemiology of CDI in the region. Indeed,
it is likely that the variant toxin A-negative/ toxin
B-positive (A-B+) ribotype 017 C. difficile strain origi-
nated in Asia. One particular clindamycin-resistant
ribotype 017 strain of apparent clonal origin has domi-
nated international typing studies of A-B+ strains and has
been the cause of epidemics in Canada, the Netherlands
and Ireland [2-4]. Unfortunately, limited data are available
on CDI in Asia. A recent survey found that awareness of
CDI in physicians is poor in Asia, with underestimation of
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reproduction in any medium, provided the or
its contribution to antibiotic-associated disease and re-
currence rates [5]. In addition, comprehensive culture
and toxin testing for C. difficile are lacking in many
Asian hospitals. As a consequence, reports of C. difficile
are rare in Asia, so data on prevalence and circulating
strains are limited. What reports are available on Asian
countries are described here.

Literature search and selection strategy
PubMed searches were performed for publications prior
to 1 May 2013 with the term “Clostridium difficile” com-
bined with specific Asian country names. A search for
“Clostridium difficile” was also performed on the
Wanfang and KoreaMed databases. Manual searches of
cited references of these articles were performed and
relevant English language articles and abstracts were in-
cluded for analysis.

East Asia
Japan
No English language reports were found on the preva-
lence of CDI in Japan. However, molecular typing stu-
dies have provided some epidemiological information
since the 1990s. A variety of typing techniques have been
employed in Japan, including tcdA and tcdB character-
isation [6,7], pulsed field gel electrophoresis (PFGE) [8],
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polymerase chain reaction (PCR) ribotyping [8,9] and
slpA typing [10]. Application of molecular typing tech-
niques has identified A-B+ strains in regions across Japan
[6,11-14]. PCR typing of tcdA on six A-B+ strains from
Japan and Indonesia identified indistinguishable repea-
ting sequences with two deletions (1,548 and 273 nucle-
otides in size) [7]. A later study also grouped A-B+ strains
from Japan and Indonesia, as toxinotype VIII and ribotype
fr/017, with several subtypes identified by PFGE [15].
Several ribotyping studies have been performed, indi-

cating predominance of ribotype “smz” over the past
decade [8,16,17]. A 5-year study in a Tokyo hospital
followed the proliferation of ribotype “smz”, peaking in
2004 (64% of cases) [16]. Ribotype “smz” is recognised
internationally as ribotype 018 (personal observation),
and three major subtypes have been identified within
Japan by slpA typing, two of which are widespread
[10,18]. Ribotype 018 strains have caused CDI recently in
Korea [19], Austria, Spain and Slovenia [20], and have
been responsible for outbreaks of disease in Italy since
2007 [21]. Other common ribotypes were 014, 002 and
001 [14,16,17]. Ribotype 027, which has caused wide-
spread epidemics in North America and Europe, has been
reported only occasionally in Japan [16].

Korea
A country-wide survey of 17 tertiary hospitals in Korea
from 2004 to 2008 found that the incidence of CDI
increased from 1.7/1,000 adult admissions to 2.7/1,000
admissions [22]. Diagnostic methods were not reported,
and may have differed between sites or over time, con-
tributing to these apparent increases.
Risk factors for recurrent CDI included antibiotic the-

rapy, anaemia, and tube feeding in one study [23], while
another found proton pump inhibitor (PPI) use alone
was associated with recurrent disease [24]. One study
found that the proportion of community-acquired CDI
(CA-CDI) among all CDI cases within a Busan hospital
was 7.1% [25], while another reported that 59.4% of
cases of CDI presenting at the emergency department of
a Seoul hospital were community-acquired [26].
Variant A-B+ strains have been common in Korea since

the 1990s [27] and increased in prevalence among all
strains significantly between 2002 and 2005, peaking at
50% in 2004 [27-30]. These epidemic A-B+ strains
belonged to ribotype group 017 and were widespread in
Korea [27,28,31]. Subtyping of 017 strains revealed six dif-
ferent PFGE pulsotypes and 13 restriction fragment length
polymorphism-based subtypes [32]. Shin et al. reported
that 72% of PMC cases between 2006 and 2010 were
caused by A-B+ strains [29]. Ribotype 018 was the most
prevalent strain isolated in Seoul from September 2008 to
January 2010 [33]. Ribotype 027 was detected in 2006 [34]
in a hospital-associated case of PMC but has failed to
proliferate in Korea [19]. Type 078 was reported as the
most common (3.1%) binary toxin-positive strain [31].

China
The lack of reports on CDI from mainland China con-
trasts with the relatively large number of reports from
neighbouring Korea and Japan. An English language re-
view of the Chinese language literature found two stud-
ies from Southern China in general hospital patients
with 21/183 patients (1994–1997) and 13/257 patients
(reported in 2006) with CDI (no diagnostic criteria
reported). Another study from Beijing identified 36 cases
among 71,428 in-patients from 1998 to 2001 [35]. Fur-
ther studies were limited to special groups of patients
with malignancy and those receiving chemotherapy or
stem cell transplantation, with incidence rates varying
from 1.6% to 3.5%, with an exceptionally high rate (27%)
reported in the stem cell transplant patient study [35].
In most studies a sampling frame was not reported
which, in view of the low rate of testing in China, makes
assessment of the true incidence of CDI impossible [35].
The most comprehensive Chinese study of CDI was

conducted between March 2007 and April 2008 at a
1,216 bed hospital in Shanghai [36-38]. During the study
period, 42,936 patients were discharged and 587 patients
had stool samples submitted for testing by toxin assay
and culture [36]. Overall the incidence of CDI was 17.1
per 10,000 admissions [37]. CDI was mild, possibly due
to the younger mean age of patients (62.8 years) com-
pared with a large European survey where 63% were ≥65
years [20]. Fifty-six isolates from this study were aggre-
gated with further unspecified isolates to create a collec-
tion of 75 [38]. The most common ribotypes were 017,
012 and 046 (Figure 1).
In the absence of ribotyping studies other than that of

Huang et al., a recent report of MLST typing on 69 C.
difficile strains mainly from Beijing provides some fur-
ther insight on the molecular epidemiology of CDI in
China [41]. The equivalent ribotypes of the most com-
mon sequence types (ST37, ST35, ST54) found were 017
(23%), 046 (23%) and 012 (17%), respectively [42]. The
collection included 16 Guangzhou isolates from the
1980s comprised of the ribotype equivalents: 017 (9 iso-
lates), 046 (1 isolate), 020 (5 isolates) and ST119 (1 iso-
late). This suggests that ribotypes 017, 046 and perhaps
012 are the most common in mainland China, a pattern
that differs to other world regions.

Taiwan
A similar situation to Japan and China is found in
Taiwan, where testing is rare so the true incidence of
CDI cannot be defined. The number of CDI cases in-
creased by 5–6 times in patients ≥65 years between 2003
and 2007 according to one study [43]. Increasing



Figure 1 Ribotype distributions for studies in China (A,B), Hong Kong (C), Japan (D-G) and Korea (H-K). A: n = 75 isolates collected in
2008; 33 ribotypes identified [37]. B: n = 110, December 2008-May 2009; 16 ribotypes [39]. C: n = 345, 2009; 106 ribotypes [40]. D: n = 87, March
1996-November 1999; 12 ribotypes [8]. E: n = 148, November 1999-October 2004; 26 ribotypes [16]. F: n = 71, April 2005-March 2008; 20 ribotypes
[14]. G: n = 87, 2003–2007; 18 ribotypes [17]. H: n = 187, 1980–2006; 39 ribotypes [27]. I: n = 105, 1995–2008; 11 ribotypes [32]. J: n = 337 toxigenic
isolates, 2006–2008; 50 ribotypes [31]. K: n = 194, 2009–2010; 54 ribotypes [19].
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awareness and testing probably contributed to the dra-
matic rise, as another report by Chan et al. demon-
strates. They found the proportion of positive cultures
remained constant at ~10% while testing increased from
2002 to 2009 as awareness of CDI increased [44]. The
incidence rate found at a northern Taiwan hospital was
0.45/1,000 patient days overall, and 7.9/1,000 patient
days in ICU wards [45]. Ribotype 017 strains were found
(6%) in a sample of 142 Taiwanese isolates where 57
ribotypes were identified [46], however other inter-
nationally recognised ribotypes of Taiwanese isolates
have not been reported. While binary toxin-positive iso-
lates were detected, ribotypes 027 and 078 have not been
reported from Taiwan [47].

Hong Kong
CDI has been better recognised and studied for longer
in Hong Kong than in mainland China and Taiwan. A
survey at Queen Mary Hospital, Hong Kong in 1996–7
reported 100/3,112 patients with diarrhoea positive by
culture for C. difficile [48]. A more recent survey at the
same hospital using a tissue culture cytotoxin assay be-
tween September and December 2008 detected 37/723
positive samples [49]. The number of patients diagnosed
in 2003 was 82 compared to 66 in 2008, suggesting the
overall number of cases was constant. Testing for CDI
increased following the isolation of ribotype 027 among
one of 12 hyper-toxigenic (detectable cytotoxin at 100-
fold dilution) isolates identified in a 3-month study in a
university hospital in 2008 [49].
There are little data on ribotyping in Hong Kong, the

most comprehensive being a retrospective study of 345
isolates from 307 patients in 2009 from a healthcare re-
gion spanning five hospitals. Unusually, 70% were of a
pattern not represented by 23 of the most internationally
common ribotypes, with a further 11.6% being non-
typable (Figure 1) [40]. Ribotype 002 represented 9.4% of
strains, presumed to be causing cross-infection as the
incidence between 2004 and 2008 was 0.53/1,000 admis-
sions rising in 2009 to 0.95/1,000 admissions. An ele-
vated frequency of sporulation (20.2%) was found in 35
of these ribotype 002 isolates compared to 3.7% for 56
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randomly selected isolates of other ribotypes [40].
Ribotype 017 strains were also found at a prevalence of
0.7% [40]. Ribotype 027 was first detected in 2008 in
stool of a patient on steroids with no history of travel in
the previous 1.5 years and, as yet, there have been no
further reports of 027 from Hong Kong [49].

Southeast Asia
Philippines
The underestimation of the role of C. difficile in enteric
disease in Asia was demonstrated recently by a study in
the Philippines. Historically, patients with colitis were di-
agnosed with amoebic colitis, presumed to be caused by
Entamoeba histolytica. However, 43.6% of colitis cases
were positive for C. difficile when testing by enzyme im-
munoassay (EIA) for toxin A/B was introduced [50].
Given that metronidazole is the standard treatment for
both CDI and amoebic colitis, CDI would be masked if
testing was not carried out.

Thailand
In the earliest report of CDI in Thailand in 1990, faecal
cytotoxin was detected in 52.5% of 206 diarrhoeal pa-
tients while culture gave low recovery rates (4.8%) over a
26-month period. Cytotoxin was detected in stool of
61% of antibiotic-treated patients, and 51% of non-
antibiotic-treated patients [51]. In contrast, Thamlikitkul
et al. reported low detection of toxin A by EIA in
clindamycin-treated (10/140 patients) and patients
treated with beta-lactams (10/140) [52]. The difference
in prevalence found in both studies was probably due to
the use of different toxin assays.
The prevalence of C. difficile in antibiotic-associated

diarrhoea (AAD) patients was reported as 18.64% by cul-
ture and 44-46% by PCR for tcdA and tcdB on the same
stool samples, showing the need for both culture and
testing for presence of toxin [53]. Similarly, a recent
study in Bangkok found that combining toxin EIAs with
direct tcdB PCR on stool increased positive diagnoses
two-fold, compared with toxin EIAs alone [54].
Wongwanich et al. found a greater prevalence of CDI

in 201 HIV-positive patients (58.8%) than in 271 HIV-
negative patients (36.5%), and six PFGE subtypes were
found [55]. Again, toxin A EIA alone gave lower preva-
lence than when combined with culture. Another study
on AIDS patients where only toxin A EIA was perfor-
med reported a lower prevalence of CDI (16/102 pa-
tients) [56]. The discrepancies between studies where
lower prevalence is reported when a toxin A assay alone
was used suggest it is likely that toxin A-negative strains
were widespread.
Wongwanich et al. reported on a collection of 77 C.

difficile isolates from 44 asymptomatic children and in-
fants, and 33 diarrhoeal adult patients. In this study,
tcdA PCR-negative isolates predominated, numbering 57
overall and 18/33 adult diarrhoeal isolates. Fourteen
PFGE pulsotypes and eight subtypes were found [57].
No data on circulating ribotypes have been reported.

Malaysia
Reports of CDI in Malaysia are rare. In the most inform-
ative study in Malaysia to date, toxin A/B assays on 175
stool samples from inpatients with AAD were performed
in a tertiary hospital in north-eastern Malaysia. Twenty-
four (13.7%) were positive for toxin, with the majority of
infected patients aged >50 years [58]. No ribotyping or
other molecular analysis has been reported on Malaysian
C. difficile isolates.

Indonesia
Like Malaysia, reports on CDI in Indonesia are uncom-
mon. An aetiology study of diarrhoea in Indonesian chil-
dren identified C. difficile in 1.3% of stool samples
tested. Toxin A EIA only was performed so the true
prevalence of C. difficile may have been greater [59]. The
only molecular study included eight isolates from
Indonesia, five of which were toxinotype VIII and ribotype
017, and grouped with international 017 epidemic strains.
Two were A+B+ toxinotype 0, and one A-B+ isolate was
binary toxin-positive, toxinotype XVI [15].

Singapore
A 50-month aetiological study (1985 to 1989) of diarrhoea
in 4,508 patients at the National University Hospital found
C. difficile in 35 of only 365 cases where C. difficile culture
was requested. The incidence rate of CDI in Singapore
General Hospital was 3.2/1,000 admissions, more com-
mon in males and patients >50 years. Culture of stool
samples identified cases (43%) which were negative by
toxin A/B EIA. CDI was three times more common in
Malay patients than in patients of Indian heritage [60]. An
increase in incidence of CDI was observed in a 1,200 bed
general hospital from 2001 to 2006. The incidence rate
rose from 1.49 cases per 10,000 patient days to 6.64 per
10,000 patient days, with a concurrent increase in positive
toxin assays on stool [61]. A broader surveillance study in
three hospitals found that CDI incidence decreased from
0.52/1,000 patient days in 2006 to 0.3/1,000 patient days
in 2008, as testing increased over the same time period
[62]. Binary toxin-positive strains have been reported, in-
cluding 027 strains, which have caused sporadic hospital-
acquired disease [63].

South Asia
India
An early report found 21/93 AAD cases were positive
for C. difficile by culture and toxin assay in Nehru
Hospital in 1983–1984 [64]. In Calcutta, C. difficile was
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isolated in 38/341 hospitalised patients with acute diar-
rhoea over 1 year [65]. A hospital in Delhi reported CDI
in 26/156 diarrhoeal hospitalised patients, detected by
culture and toxin A EIA [66]. Infection control measures
subsequently introduced at this hospital apparently re-
duced incidence of CDI by more than 50% over 5 years
[67]. A retrospective review by Ingle et al. in a Mumbai
hospital found 17/99 patients between 2006 and 2008
were diagnosed with CDI by toxin A/B EIA [68]. The
most recent report found a prevalence of non-toxigenic
C. difficile of 12.6% among 79 hospitalised patients, five
of whom subsequently developed diarrhoea with positive
culture and toxin assay. The study group also detected
widespread contamination of surfaces on beds (51%) and
hands of hospital workers (62.5%) [69]. Several reports
exist of acute diarrhoea in hospitalised children (7-11%)
caused by C. difficile [70-72]. The molecular epidemiology
of C. difficile strains in India is not currently known.

Bangladesh
In the 1990s, an aetiological study found that 13/814
children admitted to hospital with diarrhoea were
infected with C. difficile (diagnosed by cell cytotoxin
assay). Seven of the cases were concurrently infected
with another diarrhoeal agent [73]. Recent reports are
not available for Bangladesh.

Epidemiology
Prevalent C. difficile ribotypes in Asia
Ribotyping data with internationally recognised nomen-
clature are available for China, Japan, Singapore, Hong
Kong, Taiwan, and Korea. Overall, the most prevalent
ribotypes in Asia appear to be 017, 018, 014, 002, and
001. While ribotypes 027 and 078 have caused outbreaks
in North America and Europe, they are reported only to
have caused sporadic cases of CDI in Asia so far, in
Singapore, Hong Kong, Korea, and Japan [16,34,40,46,
49,63,74]. Ribotype 078 has only been reported from
Korea and China to date [31,37]. Another binary toxin-
positive strain, ribotype 130, was recently reported from
Korea [19].
Meanwhile, ribotype 017, A-B+, toxinotype VIII strains

are widespread in Asia, and have caused epidemics
worldwide (Figure 1). In China and Korea 017 is the
most common ribotype in circulation, and is prevalent
in Japan, Taiwan, and Hong Kong also [31,32,36,39]. Ex-
posure to antineoplastic agents, use of nasal feeding
tubes, and care in a particular hospital ward were associ-
ated with infection with 017 strains in one hospital in
Japan [11]. Ribotype 017 strains have persisted in China
and Taiwan while they appear to have declined in Korea
(Figure 1).
In Japan, smz/018 appears to have persisted as the

most common ribotype for over a decade (Figure 1).
Ribotype smz/018 was the most prevalent strain isolated
in a tertiary hospital in Seoul between September 2008
and January 2010 [33], indicating spread from Japan to
Korea. Ribotype 018 caused outbreaks of CDI in Italy in
2007/2008 and is the fourth most prevalent ribotype in
Europe at present [20,21]. It is not clear whether smz/
018 is prevalent in other Asian countries, as comparative
typing with a reference smz or 018 strain may not have
been performed.
Ribotypes 017 and 018 have caused widespread disease

in Asia and across the world. Unlike the other major
epidemic strains 027 and 078, they do not produce bin-
ary toxin, and ribotype 018 does not appear to possess
variant toxin genes [21]. Some other virulence factors
may contribute to their spread. The resistance of ribotype
018 isolates to clindamycin and fluoroquinolones could
contribute to their enhanced virulence [8,33,40]. Another
virulence factor is high sporulation rate. The epidemic
ribotype 002 isolates in Hong Kong sporulated at a higher
rate than other isolates, allowing them to persist in the
hospital environment and cause outbreaks of disease [40].

Prevention and control
Two reports of infection control in Asian hospitals were
found. A hospital in India introduced control measures
including disinfection of surfaces, rapid detection of C.
difficile by toxin assays, isolation of patients, controls on
prescription of antibiotics and education of staff mem-
bers. The incidence of CDI (initially 15% among cases of
nosocomial diarrhoea) was reduced by 50% while the
number of tests requested increased as health workers
became more aware of CDI [67]. A hospital-wide
computerised antimicrobial stewardship scheme was in-
troduced in a hospital in Taiwan. While the incidence of
some antibiotic resistant organisms decreased, the isola-
tion rate of C. difficile remained constant at 10% [44],
indicating that other infection control measures besides
antimicrobial stewardship would be required to control
CDI in hospitals.
Asia is going through a period of rapid demographic

change. With its dense, growing population, infection
control is a pertinent issue. As C. difficile now causes the
majority of nosocomial disease in North America and Eur-
ope, control measures could be applied in Asia to prevent
the same situation there. A number of issues exist which
could contribute to the spread of CDI in Asia.
As wealth and the aged population are increasing,

more people have access to hospital care and enter aged
care facilities. It is likely that CDI incidence could in-
crease as these high-risk populations increase in size.
For example, modelling of the future age structure of
the Chinese population suggests that there will be a lar-
ger population at risk for CDI. Using census data from
2005 (population 1.3 billion) when only 100 million
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individuals were ≥65 years old, by 2026 there will be 200
million individuals ≥65 years [75].
Antibiotic use in most Asian countries is poorly regu-

lated. A review of Southeast Asian countries found that
47% of pneumonia cases do not receive an appropriate
antibiotic, 54% of diarrhoea cases are unnecessarily
treated with antibiotics, and 40% of antibiotics are pre-
scribed in under-dose [76]. In many cases inappropriate
antibiotics are prescribed without any laboratory test.
Studies in India have found the most commonly pre-
scribed antibiotics for cough and respiratory disease are
fluoroquinolones, a known risk factor for CDI [76]. In
addition, antibiotics are freely available without prescrip-
tion in most Asian countries, leading to misuse in the
community.
Given the free use of antibiotics by the general public it

would be plausible that CA-CDI could be common in Asia.
Studies in Asian countries have neglected to address the
issue of CA-CDI, apart from two studies in Korea which
found conflicting proportions of 7% and 59% of all CDI
surveyed being community-acquired. It would be appropri-
ate to monitor CA-CDI more closely in Asia in the future.
Table 1 Antimicrobial resistance rates and MIC values for Clo

(Reference) Number
of isolates

[Resistance rate] (%), MIC50 (mg/L), MIC90 (mg

Erythromycin Clindamycin Tetracycline Mo

China

[37] 75 [76], 128, 128 [66.7], 128,
128

[41.3], 4, 64 [45.

[39] 110 [85.3], 128,
128

[88.1], 128,
128

[62.7], 16, 32 [61.

Hong Kong

[40] 35

Japan

[77] 73 [87.7], >256,
>256

[87.7], >256,
>256

[16] 72 [12]

Korea

[31] 120 [50], 128,
>128

[42]

[19] 111 [82] [83]

[33] 131 [67.9] [82]

[78] 123 [75] [85]

Singapore

[60] 68 [63], 8, >512

Taiwan

[79] 60 [73.3], 16, 64 [41.7], 8, >16 [30]

[47] 113 [46], 4, >256 [16]
a 18 isolates showed heteroresistance to metronidazole, bsubset of 25 isolates teste
Despite widespread antibiotic use few studies in Asia
have measured antimicrobial susceptibility of clinical C.
difficile isolates. High resistance rates to moxifloxacin,
and clindamycin have been found in isolates from Korea,
Japan, Northern Taiwan and China (Table 1). Heterore-
sistance to metronidazole has been reported from China,
warranting close monitoring (Table 1).
Production and consumption of meat products is also

increasing in Asia [80]. Intensive farming of poultry,
seafood and swine is already in place, and increasing
with worldwide demand [81]. The risk of C. difficile
colonisation and/or infection in animals would most
likely increase with intensive farming practices including
crowding of animals and prophylactic antibiotic use.
Thus contamination of food products and animal-
human transmission could occur. To date, no reports
have been made of C. difficile in the environment or
animals, apart from five cases of fulminant colitis
caused by ribotype 078 in thoroughbred racehorses in
Japan [82], and the isolation of C. difficile from 2/ 250
(0.8%) swine faecal samples from 25 pig farms, also in
Japan [83].
stridium difficile isolates from different countries

/L)

xifloxacin Ciprofloxacin Piperacillin/
tazobactam

Metronidazole Vancomycin

3], 4, 128 [100], 64, 128 [0], <16/4,
16/4

[0], 0.25, 0.25 [0], 1, 2

8], 16, 128 [100], 64, 128 [0], 8/4, 16/4 [0]a, 0.125, 0.25 [0], 0.5, 1

[100] 0.5, 0.75 0.75, 1.5

[100], >32,
>32

[0], 0.19, 0.25 [0], 2, 4

b [100] [0] [0]

, 2, 16 [0], 8, 16 [0], 1,4 [0], 0.5, 1

[0] [0]

[0], 0.5, 1 [0], 1, 1

[100]

[0]

d
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Review
According to the existing evidence, CDI occurs at simi-
lar rates in Asia as in other continents where CDI is
more commonly recognised and researched. The mo-
lecular epidemiology of C. difficile strains in Asia indi-
cates a persisting predominance of variant A-B+ ribotype
017 strains and ribotype 018 strains (Figure 1). Binary
toxin-positive strains have rarely been isolated to date
despite the proliferation of ribotypes 078 and 027 in
Europe and North America. Favouring toxin A EIAs for
diagnostic methods is not optimal for the Asian region
due to the predominance of A-B+ strains. Broader sur-
veillance monitoring CA-CDI and C. difficile in animals
will enhance our understanding of the epidemiology of
CDI in the region.

Conclusions
CDI is not widely recognised in Asia so in consequence
the extent of the disease is not known. Although rela-
tively few studies on C. difficile have been performed in
Asia, what work has been done demonstrates that CDI
is a significant cause of nosocomial disease in Asian
countries. It appears that awareness is increasing and
testing and surveillance are on the rise. Routine testing
is required to inform on the prevalence of CDI through-
out the region. The widespread prevalence of the 017
group of A-B+ strains in Asian countries shows that
assays for toxin B or the tcdB genes are preferable to
toxin A assays for diagnosis of CDI. The more virulent
epidemic strains 027 and 078 do not appear to have
become established in Asia, while ribotype 017 and
smz/018 strains have caused epidemics.
Widespread unregulated antibiotic use and inappropri-

ate prescribing in SE Asian countries indicates that CDI
could be widespread in those regions where surveillance
is currently lacking. Asia may be facing a “perfect storm”
as heavy usage of antibiotics combines with an ageing
increasingly hospitalised population. Increasing labora-
tory capacity in the region as well as improving sur-
veillance should be seen as essential in preventing
unnecessary morbidity and mortality.

Abbreviations
CDI: Clostridium difficile infection; PMC: Pseudomembranous colitis;
PFGE: Pulsed-field gel electrophoresis; PCR: Polymerase chain reaction;
PPI: Proton pump inhibitor; CA-CDI: Community-acquired Clostridium difficile
infection; EIA: Enzyme immunoassay; AAD: Antibiotic-associated diarrhoea.

Competing interests
The authors declare that they have no competing interest.

Authors’ contributions
DAC performed literature searches, analysed and interpreted data and
drafted the manuscript. PMH planned and designed the review, interpreted
data, drafted and revised the manuscript. TVR planned and designed the
review and revised the manuscript. All authors read and approved the final
manuscript.
Acknowledgements
D Collins is a recipient of an International Postgraduate Research Scholarship
for study in Australia, and an Australian Postgraduate Award.

Author details
1Microbiology and Immunology, School of Pathology and Laboratory
Medicine, the University of Western Australia, Perth, Australia. 2West Midlands
Public Health Laboratory, Health Protection Agency, Heart of England NHS
Foundation Trust, Birmingham, UK. 3School of Immunity and Infection,
University of Birmingham, Birmingham, UK. 4Division of Microbiology and
Infectious Diseases, PathWest Laboratory Medicine (WA), Perth, Australia.

Received: 7 June 2013 Accepted: 7 June 2013
Published: 1 July 2013

References
1. Clements AC, Magalhaes RJ, Tatem AJ, Paterson DL, Riley TV: Clostridium

difficile PCR ribotype 027: assessing the risks of further worldwide
spread. Lancet Infect Dis 2010, 10(6):395–404.

2. Al-Barrak A, Embil J, Dyck B, Olekson K, Nicoll D, Alfa M, Kabani A:
An outbreak of toxin A negative, toxin B positive Clostridium difficile-
associated diarrhea in a Canadian tertiary-care hospital. Can Commun Dis
Rep 1999, 25(7):65–69.

3. Kuijper E, Weerdt J, Kato H, Kato N, Dam A, Vorm E, Weel J, Rheenen C,
Dankert J: Nosocomial outbreak of Clostridium difficile-associated
diarrhoea due to a clindamycin-resistant enterotoxin A-negative strain.
Eur J Clin Microbiol Infect Dis 2001, 20(8):528–534.

4. Drudy D, Harnedy N, Fanning S, Hannan M, Kyne L: Emergence and
control of fluoroquinolone-resistant, toxin A-negative, toxin B-positive
Clostridium difficile. Infect Control Hosp Epidemiol 2007, 28(8):932–940.

5. Mavros MN, Alexiou VG, Vardakas KZ, Tsokali K, Sardi TA, Falagas ME:
Underestimation of Clostridium difficile infection among clinicians: an
international survey. Eur J Clin Microbiol Infect Dis 2012, 31(9):2439–2444.

6. Kato H, Kato N, Watanabe K, Iwai N, Nakamura H, Yamamoto T, Suzuki K,
Kim S-M, Chong Y, Wasito EB: Identification of toxin A-negative, toxin B-
positive Clostridium difficile by PCR. J Clin Microbiol 1998, 36(8):2178–2182.

7. Kato H, Kato N, Katow S, Maegawa T, Nakamura S, Lyerly DM: Deletions in the
repeating sequences of the toxin A gene of toxin A-negative, toxin B-
positive Clostridium difficile strains. FEMS Microbiol Lett 1999, 175(2):197–203.

8. Kato H, Kato N, Watanabe K, Yamamoto T, Suzuki K, Ishigo S, Kunihiro S,
Nakamura I, Killgore GE, Nakamura S: Analysis of Clostridium difficile
isolates from nosocomial outbreaks at three hospitals in diverse areas of
Japan. J Clin Microbiol 2001, 39(4):1391–1395.

9. Kato H, Kita H, Karasawa T, Maegawa T, Koino Y, Takakuwa H, Saikai T,
Kobayashi K, Yamagishi T, Nakamura S: Colonisation and transmission of
Clostridium difficile in healthy individuals examined by PCR ribotyping
and pulsed-field gel electrophoresis. J Med Microbiol 2001, 50(8):720–727.

10. Kato H, Yokoyama T, Arakawa Y: Typing by sequencing the slpA gene of
Clostridium difficile strains causing multiple outbreaks in Japan. J Med
Microbiol 2005, 54(Pt 2):167–171.

11. Komatsu M, Kato H, Aihara M, Shimakawa K, Iwasaki M, Nagasaka Y, Fukuda
S, Matsuo S, Arakawa Y, Watanabe M, et al: High frequency of antibiotic-
associated diarrhea due to toxin A-negative, toxin B-positive Clostridium
difficile in a hospital in Japan and risk factors for infection. Eur J Clin
Microbiol Infect Dis 2003, 22(9):525–529.

12. van den Berg RJ, Claas EC, Oyib DH, Klaassen CH, Dijkshoorn L, Brazier JS,
Kuijper EJ: Characterization of toxin A-negative, toxin B-positive
Clostridium difficile isolates from outbreaks in different countries by
amplified fragment length polymorphism and PCR ribotyping. J Clin
Microbiol 2004, 42(3):1035–1041.

13. Kikkawa H, Hitomi S, Watanabe M: Prevalence of toxin A-nonproducing
/toxin-B-producing Clostridium difficile in the Tsukuba-Tsuchiura district.
Japan. J Infect Chemother 2007, 13(1):35–38.

14. Iwashima Y, Nakamura A, Kato H, Wakimoto Y, Wakiyama N, Kaji C, Ueda R:
A retrospective study of the epidemiology of Clostridium difficile
infection at a University Hospital in Japan: genotypic features of the
isolates and clinical characteristics of the patients. J Infect Chemother
2010, 16(5):329–333.

15. Rupnik M, Kato N, Grabnar M, Kato H: New types of toxin A-negative, toxin
B-positive strains among Clostridium difficile isolates from Asia. J Clin
Microbiol 2003, 41(3):1118–1125.



Collins et al. Antimicrobial Resistance and Infection Control 2013, 2:21 Page 8 of 9
http://www.aricjournal.com/content/2/1/21
16. Sawabe E, Kato H, Osawa K, Chida T, Tojo N, Arakawa Y, Okamura N:
Molecular analysis of Clostridium difficile at a university teaching hospital
in Japan: a shift in the predominant type over a five-year period.
Eur J Clin Microbiol Infect Dis 2007, 26(10):695–703.

17. Kato H, Kato H, Ito Y, Akahane T, Izumida S, Yokoyama T, Kaji C, Arakawa Y:
Typing of Clostridium difficile isolates endemic in Japan by sequencing of slpA
and its application to direct typing. J Med Microbiol 2010, 59(Pt 5):556–562.

18. Kato H, Kato H, Nakamura M, Iwashima Y, Nakamura A, Ueda R: Rapid
analysis of Clostridium difficile strains recovered from hospitalized
patients by using the slpA sequence typing system. J Infect Chemother
2009, 15(3):199–202.

19. Kim J, Kang JO, Kim H, Seo MR, Choi TY, Pai H, Kuijper EJ, Sanders I, Fawley
W: Epidemiology of Clostridium difficile infections in a tertiary-care
hospital in Korea. Clin Microbiol Infect 2013, 19(6):521–527.

20. Bauer MP, Notermans DW, van Benthem BHB, Brazier JS, Wilcox MH, Rupnik
M, Monnet DL, van Dissel JT, Kuijper EJ: Clostridium difficile infection in
Europe: a hospital-based survey. Lancet 2011, 377(9759):63–73.

21. Spigaglia P, Barbanti F, Dionisi AM, Mastrantonio P: Clostridium
difficileisolates resistant to fluoroquinolones in Italy: emergence of PCR
ribotype 018. J Clin Microbiol 2010, 48(8):2892–2896.

22. Kim YS, Han DS, Kim YH, Kim WH, Kim JS, Kim HS, Park YS, Song HJ, Shin SJ,
Yang SK, et al: Incidence and clinical features of Clostridium difficile infection
in Korea: a nationwide study. Epidemiol Infect 2013, 141(1):189–194.

23. Ryu HS, Kim YS, Seo GS, Lee YM, Choi SC: Risk factors for recurrent
Clostridium difficile infection. Intest Res 2012, 10(2):176–182.

24. Kim YG, Graham DY, Jang BI: Proton pump inhibitor use and recurrent
Clostridium difficile-associated disease: a case–control analysis matched
by propensity score. J Clin Gastroenterol 2012, 46(5):397–400.

25. Choi HK, Kim KH, Lee SH, Lee SJ: Risk factors for recurrence of Clostridium
difficile infection: Effect of vancomycin-resistant Enterococci colonization.
J Korean Med Sci 2011, 26(7):859–864.

26. Shin BM, Moon SJ, Kim YS, Shin WC, Yoo HM: Characterization of cases of
Clostridium difficile infection (CDI) presenting at an emergency room:
Molecular and clinical features differentiate community-onset hospital-
associated and community-associated CDI in a tertiary care hospital.
J Clin Microbiol 2011, 49(6):2161–2165.

27. Kim H, Riley TV, Kim M, Kim CK, Yong D, Lee K, Chong Y, Park JW:
Increasing prevalence of toxin A-negative, toxin B-positive isolates of
Clostridium difficile in Korea: impact on laboratory diagnosis. J Clin
Microbiol 2008, 46(3):1116–1117.

28. Shin BM, Kuak EY, Yoo HM, Kim EC, Lee K, Kang JO, Whang DH, Shin JH:
Multicentre study of the prevalence of toxigenic Clostridium difficile in
Korea: results of a retrospective study 2000–2005. J Med Microbiol 2008,
57(Pt 6):697–701.

29. Shin BM, Kuak EY, Yoo SJ, Shin WC, Yoo HM: Emerging toxin A-B + variant
strain of Clostridium difficile responsible for pseudomembranous colitis
at a tertiary care hospital in Korea. Diagn Microbiol Infect Dis 2008,
60(4):333–337.

30. Shin BM, Lee EJ, Kuak EY, Yoo SJ: Comparison of VIDAS CDAB and CDA
immunoassay for the detection of Clostridium difficile in a tcdA- tcdB + C.
difficile prevalent area. Anaerobe 2009, 15(6):266–269.

31. Kim H, Jeong SH, Roh KH, Hong SG, Kim JW, Shin MG, Kim MN, Shin HB, Uh
Y, Lee H, et al: Investigation of toxin gene diversity, molecular
epidemiology, and antimicrobial resistance of Clostridium difficile isolated
from 12 hospitals in South Korea. Korean J Lab Med 2010, 30(5):491–497.

32. Kim SJ, Kim H, Seo Y, Yong D, Jeong SH, Chong Y, Lee K: Molecular
characterization of toxin A-negative, toxin B-positive variant strains of
Clostridium difficile isolated in Korea. Diagn Microbiol Infect Dis 2010,
67(2):198–201.

33. Kim J, Kang JO, Pai H, Choi TY: Association between PCR ribotypes and
antimicrobial susceptibility among Clostridium difficile isolates from
healthcare-associated infections in South Korea. Int J Antimicrob Agents
2012, 40(1):24–29.

34. Kim H, Lee Y, Moon HW, Lim CS, Lee K, Chong Y: Emergence of Clostridium
difficile ribotype 027 in Korea. Korean J Lab Med 2011, 31(3):191–196.

35. Jin K, Wang S, Huang Z, Lu S: Clostridium difficile infections in China.
Journal of Biomedical Research 2010, 24(6):411–416.

36. Huang H, Wu S, Wang M, Zhang Y, Fang H, Palmgren AC, Weintraub A,
Nord CE: Molecular and clinical characteristics of Clostridium difficile
infection in a University Hospital in Shanghai. China. Clin Infect Dis 2008,
47(12):1606–1608.
37. Huang H, Fang H, Weintraub A, Nord CE: Distinct ribotypes and rates of
antimicrobial drug resistance in Clostridium difficile from Shanghai and
Stockholm. Clin Microbiol Infect 2009, 15(12):1170–1173.

38. Huang H, Wu S, Wang M, Zhang Y, Fang H, Palmgren AC, Weintraub A,
Nord CE: Clostridium difficile infections in a Shanghai hospital:
antimicrobial resistance, toxin profiles and ribotypes. Int J Antimicrob
Agents 2009, 33(4):339–342.

39. Huang H, Weintraub A, Fang H, Wu S, Zhang Y, Nord CE: Antimicrobial
susceptibility and heteroresistance in Chinese Clostridium difficile strains.
Anaerobe 2010, 16(6):633–635.

40. Cheng V, Yam W, Lam O, Tsang J, Tse E, Siu G, Chan J, Tse H, To K, Tai J,
et al: Clostridium difficile isolates with increased sporulation: emergence
of PCR ribotype 002 in Hong Kong. Eur J Clin Microbiol Infect Dis 2011,
30(11):1371–1381.

41. Yan Q, Zhang J, Chen C, Zhou H, Du P, Cui Z, Cen R, Liu L, Li W, Cao B, et al:
Multilocus sequence typing (MLST) analysis of 104 Clostridium difficile
strains isolated from China. Epidemiol Infect 2013, 141(1):195–199.

42. Dingle KE, Griffiths D, Didelot X, Evans J, Vaughan A, Kachrimanidou M,
Stoesser N, Jolley KA, Golubchik T, Harding RM, et al: Clinical Clostridium
difficile: Clonality and pathogenicity locus diversity. PLoS One 2011,
6(5):e19993.

43. Chang SC, Su CH, Chou WH, Hwang KP, Chuang YC, Chou MY, Leu HS,
Wang FD, Wang JT, Wang LS, et al: Epidemiology of nosocomial
Clostridium difficile disease in Taiwan. Taiwan Epidemiology Bulletin 2009,
25(3):163–177.

44. Chan YY, Lin TY, Huang CT, Deng ST, Wu TL, Leu HS, Chiu CH:
Implementation and outcomes of a hospital-wide computerised
antimicrobial stewardship programme in a large medical centre in
Taiwan. Int J Antimicrob Agents 2011, 38(6):486–492.

45. Lee YC, Wang JT, Chen AC, Sheng WH, Chang SC, Chen YC: Changing
incidence and clinical manifestations of Clostridium difficile-associated
diarrhea detected by combination of glutamate dehydrogenase and toxin
assay in Northern Taiwan. J Microbiol Immunol Infect 2012, 45(4):287–295.

46. Wei HL, Kao CW, Wei SH, Tzen JT, Chiou CS: Comparison of PCR ribotyping
and multilocus variable-number tandem-repeat analysis (MLVA) for
improved detection of Clostridium difficile. BMC Microbiol 2011, 11(1):217.

47. Lin YC, Huang YT, Tsai PJ, Lee TF, Lee NY, Liao CH, Lin SY, Ko WC, Hsueh PR:
Antimicrobial susceptibilities and molecular epidemiology of clinical
isolates of Clostridium difficile in Taiwan. Antimicrob Agents Chemother
2011, 55(4):1701–1705.

48. Wong SSY, Ho PL, Woo PCY, Yuen KY: Bacteremia caused by
Staphylococci with inducible vancomycin heteroresistance. Clin Infect Dis
1999, 29(4):760–767.

49. Cheng VC, Yam WC, Chan JF, To KK, Ho PL, Yuen KY: Clostridium difficile
ribotype 027 arrives in Hong Kong. Int J Antimicrob Agents 2009,
34(5):492–493.

50. Warren CA, Labio E, Destura R, Sevilleja JE, Jamias JD, Daez ML: Clostridium
difficile and Entamoeba histolytica infections in patients with colitis in
the Philippines. Trans R Soc Trop Med Hyg 2012, 106(7):424–428.

51. Wongwanich S, Ramsiri S, Vanasin B, Khowsaphit P, Tantipatayangkul P,
Phan-urai R: Clostridium difficile associated disease in Thailand. Southeast
Asian J Trop Med Public Health 1990, 21(3):367–372.

52. Thamlikitkul V, Danpakdi K, Chokloikaew S: Incidence of diarrhea and
Clostridium difficile toxin in stools from hospitalized patients receiving
clindamycin, beta-lactams, or nonantibiotic medications. J Clin
Gastroenterol 1996, 22(2):161–163.

53. Wongwanich S, Rugdeekha S, Pongpech P, Dhiraputra C: Detection of
Clostridium difficile toxin A and B genes from stool samples of Thai
diarrheal patients by polymerase chain reaction technique. JMed Assoc
Thai 2003, 86(10):970–975.

54. Chotiprasitsakul D, Janvilisri T, Kiertiburanakul S, Watcharananun S,
Chankhamhaengdecha S, Hadpanus P, Malathum K: A superior test for
diagnosis of Clostridium difficile-associated diarrhea in resource-limited
settings. Jpn J Infect Dis 2012, 65(4):326–329.

55. Wongwanich S, Ramsiri S, Kusum M, Warachit P: Clostridium difficile
infections in HIV-positive patients. Southeast Asian J Trop Med Public
Health 2000, 31(3):537–539.

56. Waywa D, Kongkriengdaj S, Chaidatch S, Tiengrim S, Kowadisaiburana B,
Chaikachonpat S, Suwanagool S, Chaiprasert A, Curry A, Bailey W, et al:
Protozoan enteric infection in AIDS related diarrhea in Thailand.
Southeast Asian J Trop Med Public Health 2001, 32(Suppl 2):151–155.



Collins et al. Antimicrobial Resistance and Infection Control 2013, 2:21 Page 9 of 9
http://www.aricjournal.com/content/2/1/21
57. Wongwanich S, Pongpech P, Dhiraputra C, Huttayananont S,
Sawanpanyalert P: Characteristics of Clostridium difficile strains isolated
from asymptomatic individuals and from diarrheal patients. Clin Microbiol
Infect 2001, 7(8):438–441.

58. Hassan SA, Othman N, Idris FM, Abdul Rahman Z, Maning N, Abdul Rahman
R, Tiong CG: Prevalence of Clostridium difficile toxin in diarhoeal stool
samples of patients from a tertiary hospital in North Eastern Peninsular
Malaysia. Med J Malaysia 2012, 67(4):402–405.

59. Oyofo BA, Subekti D, Tjaniadi P, Machpud N, Komalarini S, Setiawan B,
Simanjuntak C, Punjabi N, Corwin AL, Wasfy M, et al: Enteropathogens
associated with acute diarrhea in community and hospital patients in
Jakarta. Indonesia. FEMS Immunol Med Microbiol 2002, 34(2):139–146.

60. Koh TH, Tan AL, Tan ML, Wang G, Song KP: Epidemiology of Clostridium
difficile infection in a large teaching hospital in Singapore. Pathology
(Phila) 2007, 39(4):438–442.

61. Lim PL, Barkham TM, Ling LM, Dimatatac F, Alfred T, Ang B: Increasing
incidence of Clostridium difficile-associated disease, Singapore.
Emerg Infect Dis 2008, 14(9):1487–1489.

62. Hsu LY, Tan TY, Koh TH, Kwa AL, Krishnan P, Tee NW, Jureen R: Decline in
Clostridium difficile-associated disease rates in Singapore public hospitals,
2006 to 2008. BMC Res Notes 2011, 4(1):77.

63. Lim PL, Ling ML, Lee HY, Koh TH, Tan AL, Kuijper EJ, Goh SS, Low BS, Ang
LP, Harmanus C, et al: Isolation of the first three cases of Clostridium
difficile polymerase chain reaction ribotype 027 in Singapore.
Singapore Med J 2011, 52(5):361–364.

64. Ayyagari A, Sharma P, Venkateswarlu, Mehta S, Agarwal KC: Prevalence of
Clostridium difficile in pseudomembranous and antibiotic-associated
colitis in north India. J Diarrhoeal Dis Res 1986, 4(3):157–160.

65. Niyogi SK, Bhattacharya SK, Dutta P, Naik TN, De SP, Sen D, Saha MR, Datta
D, Nair GB, Mitra U, et al: Prevalence of Clostridium difficile in hospitalised
patients with acute diarrhoea in Calcutta. J Diarrhoeal Dis Res 1991,
9(1):16–19.

66. Dhawan B, Chaudhry R, Sharma N: Incidence of Clostridium difficile
infection: a prospective study in an Indian hospital. J Hosp Infect 1999,
43(4):275–280.

67. Chaudhry R, Joshy L, Kumar L, Dhawan B: Changing pattern of Clostridium
difficile associated diarrhoea in a tertiary care hospital: a 5 year
retrospective study. Indian J Med Res 2008, 127(4):377–382.

68. Ingle M, Deshmukh A, Desai D, Abraham P, Joshi A, Rodrigues C,
Mankeshwar R: Prevalence and clinical course of Clostridium difficile
infection in a tertiary-care hospital: a retrospective analysis. Indian J
Gastroenterol 2011, 30(2):89–93.

69. Vaishnavi C, Singh M: Preliminary investigation of environmental
prevalence of Clostridium difficile affecting inpatients in a north Indian
hospital. Indian J Med Microbiol 2012, 30(1):89–92.

70. Niyogi SK, Dutta P, Dutta D, Mitra U, Sikdar S: Clostridium difficile and its
cytotoxin in hospitalized children with acute diarrhea. Indian Pediatr 1991,
28(10):1129–1132.

71. Gogate A, De A, Nanivadekar R, Mathur M, Saraswathi K, Jog A, Kulkarni MV:
Diagnostic role of stool culture & toxin detection in antibiotic associated
diarrhoea due to Clostridium difficile in children. Indian J Med Res 2005,
122(6):518–524.

72. Chandra BK, Singh G, Taneja N, Pahil S, Singhi S, Sharma M: Diarrhoeagenic
Escherichia coli as a predominant cause of paediatric nosocomial
diarrhoea in India. J Med Microbiol 2012, 61(Pt 6):830–836.

73. Albert MJ, Faruque AS, Faruque SM, Sack RB, Mahalanabis D: Case–control
study of enteropathogens associated with childhood diarrhea in Dhaka.
Bangladesh. J Clin Microbiol 1999, 37(11):3458–3464.

74. Kato H, Ito Y, van den Berg RJ, Kuijper EJ, Arakawa Y: First isolation of
Clostridium difficile 027 in Japan. Euro Surveill 2007, 12(1), E070111.070113.

75. Chen W, Liu L: Future population trends in China: 2005–2050. In The
Centre of Policy Studies (COPS). Monash University: Australia; 2009.

76. Holloway KA: Promoting the rational use of antibiotics. Regional Health
Forum. WHO South East Asia Region 2011, 15(1):122–130.

77. Oka K, Osaki T, Hanawa T, Kurata S, Okazaki M, Manzoku T, Takahashi M,
Tanaka M, Taguchi H, Watanabe T, et al: Molecular and microbiological
characterization of Clostridium difficile isolates from single, relapse, and
reinfection cases. J Clin Microbiol 2012, 50(3):915–921.

78. Kim J, Pai H, Kang J, Seo M-r: Clinical and microbiologic characteristics of
tcdA-negative variant Clostridium difficile infections. BMC Infect Dis 2012,
12(1):109.
79. Dong D, Zhang L, Chen X, Jiang C, Yu B, Wang X, Peng Y: Antimicrobial
susceptibility and resistance mechanisms of clinical Clostridium difficile
from a Chinese tertiary hospital. Int J Antimicrob Agents 2013, 41(1):80–84.

80. Nam K-C, Jo C, Lee M: Meat products and consumption culture in the
East. Meat Sci 2010, 86(1):95–102.

81. Coker RJ, Hunter BM, Rudge JW, Liverani M, Hanvoravongchai P: Emerging
infectious diseases in southeast Asia: regional challenges to control.
Lancet 2011, 377(9765):599–609.

82. Niwa H, Kato H, Senoh M, Hobo S, Kinoshita Y, Hariu K, Oku K, Kuroda T,
Nakai K: Isolation of PCR ribotype 078 Clostridium difficile from five cases
of fulminant colitis in thoroughbred racehorses. In 4th International
Clostridium difficile Symposium. Slovenia: Bled; 2012.

83. Asai T, Usui M, Hiki M, Kawanishi M, Nagai H, Sasaki Y: Clostridium difficile
isolated from the fecal contents of s wine in Japan. J Vet Med Sci 2013,
75(4):539–541.

doi:10.1186/2047-2994-2-21
Cite this article as: Collins et al.: Epidemiology of Clostridium difficile
infection in Asia. Antimicrobial Resistance and Infection Control 2013 2:21.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Introduction
	Literature search and selection strategy
	East Asia
	Japan
	Korea
	China
	Taiwan
	Hong Kong

	Southeast Asia
	Philippines
	Thailand
	Malaysia
	Indonesia
	Singapore

	South Asia
	India
	Bangladesh


	Epidemiology
	Prevalent C. difficile ribotypes in Asia
	Prevention and control

	Review
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


