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Clostridium difficile infection is almost unrecognized in mainland China. We have undertaken a study in a large Chinese teach-
ing hospital in Changsha, Hunan, China, to identify cases of C. difficile, record patient characteristics, and define the molecular
epidemiology with respect to ribotype distribution and cross-infection. Between April 2009 and February 2010, we examined
fecal samples from 70 hospitalized patients with diarrhea who were receiving or had received antibiotics within the previous 6
weeks. Clinical information was collected and the samples were cultured for C. difficile retrospectively. Isolates were ribotyped,
and multiple-locus variable-number tandem-repeat assay (MLVA) subtyping was performed on clusters of the same ribotype.
The mean age of patients from whom C. difficile was cultured was 58 years, with only 4/21 patients aged >65 years. All patients,
with a single exception, had received a third-generation cephalosporin and/or a quinolone antibiotic. Twenty-one isolates of C.
difficile were recovered, and seven different ribotypes were identified, the dominant types being 017 (48%), 046 (14%), and 012
(14%). We identified two clusters of cross-infection with indistinguishable isolates of ribotype 017, with evidence of spread both
within and between wards. We have identified C. difficile as a possibly significant problem, with cross-infection and a distinct
ribotype distribution, in a large Chinese hospital. C. difficile may be underrecognized in China, and further epidemiological
studies across the country together with the introduction of routine diagnostic testing are needed to ascertain the size of this
potentially significant problem.

Since the recognition over 30 years ago that Clostridium difficile
infection presents as a spectrum of intestinal disease ranging

from mild self-limiting diarrhea to life-threatening pseudomem-
branous colitis (PMC), most reports and studies have come from
Europe and North America (1, 2). Other parts of the world, in-
cluding South America, appear to be spared from C. difficile infec-
tions, although the very small number of reported cases from
South America may be partially due to lack of diagnostic testing
(3). In the Far East, some countries, such as Japan and Korea, have
recognized for some time that C. difficile is a significant cause of
nosocomial infections (4, 5). In the case of the region’s most pop-
ulous country, China, the situation is less clear. A recent literature
review of Chinese language-based journals concluded that al-
though a number of case reports and short series were identified
there were only a very small number of cases (6). The reports
mainly concentrated on compromised patients, thus giving the
impression that C. difficile is both unusual and not endemic in
hospitals (6). Patients with diarrhea are not normally tested for C.
difficile, and in consequence the incidence is unknown. The au-
thors were able to identify only a single study, undertaken at
Huashan Hospital in Shanghai in 2008, for which data on ri-
botype, toxin production, risk factors, clinical features, and anti-
microbial resistance were reported (7, 8). In that study, over the
course of a year 75 isolates of Clostridium difficile were recovered,
for which only 38 isolates had a ribotype number assigned accord-
ing to the internationally recognized scheme of Stubbs and col-
leagues (9). No evidence of nosocomial infection was presented,
although the clinical characteristics of the patients were subse-
quently reported (8). The ribotyping data showed the most com-

mon ribotype to be 017 (14/38 isolates), which has been frequently
reported from Korea and Japan, followed by 012 (13/38 isolates);
the data are shown in detail in Fig. 1 (7). Recently, multilocus
sequence type (MLST) data have been published on isolates
largely from Beijing, for which the dominant MLST type was
found to be ST37, which the authors stated was representative of
ribotype 017 (10). In contrast to mainland China, in Hong Kong
C. difficile has been recognized for some time, the earliest report
being from 1991 to 1993 in bone marrow transplant patients (11).
A survey at Queen Mary Hospital, Hong Kong, in 1996 to 1997
reported 100/3,112 feces samples from patients with diarrhea to be
positive for culture of C. difficile (12). A more recent survey at the
same hospital using a tissue culture cytotoxin assay between Sep-
tember and December 2008 detected 37/723 positive samples
(13). The investigators observed that the number of patients diag-
nosed in 2003 was 82, compared to 66 in 2008, suggesting there
had not been a substantial increase in C. difficile infections. Studies
in Hong Kong of the occurrence of C. difficile in patients receiving
enteral feeding identified 12 cases in 38 patients treated for tuber-
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culosis between 1999 and 2005 (14, 15). There have been only two
published epidemiological studies from Hong Kong, both of
which identified hospital outbreaks of ribotype 002 (16, 17). In-
terestingly C. difficile has also been recognized in Taiwan for the
last 20 years (18).

In order to expand our understanding of C. difficile in main-
land China and identify the extent of hospital cross-infection, a
prospective study was undertaken between April 2009 and Febru-
ary 2010 at Xiangya Hospital Central South University, Changsha,
Hunan Province. Presumptive cases of C. difficile infection were
identified among patients for whom a feces sample had been sub-
mitted to the laboratory for evaluation of diarrhea. Clinical data were
collected and feces cultured for C. difficile with ribotyping and mul-
tiple-locus variable-number tandem-repeat assay (MLVA) to iden-
tify cross-infection within common ribotypes retrospectively.

MATERIALS AND METHODS
Bacterial isolates. The study was undertaken at Xiangya Hospital South
Central University, which is a 1,500-bed teaching hospital in central South
China. Feces specimens were obtained from 70 patients from whom a
sample had been submitted to the laboratory between April 2009 and
February 2010 for the investigation of diarrhea. These specimens were
negative for bacterial/viral pathogens but were identified as presumptively
positive for C. difficile and were cultured for C. difficile bacteria. There was
no hospital protocol for the diagnosis or treatment of C. difficile. Pre-
sumptive C. difficile was defined in patients who produced two or more
loose stools (Bristol stool type 5 to 7) for at least two consecutive days, who
were receiving or had received antibiotics in the preceding 6 weeks, and
from whom toxigenic C. difficile was cultured. Patient demographics, an-
tibiotic history, and clinical details were obtained together with the fecal
specimen, which was frozen at �70°C prior to culture. A portion of feces
(approximately 1 g) was mixed with an equal volume of 100% alcohol.
The suspension was mixed by vortexing and was left to settle at room
temperature for 30 min. The fecal deposit was inoculated onto cefoxitin-
cycloserine fructose agar (Oxoid, Basingstoke, United Kingdom) and in-
cubated in an anaerobic chamber for 48 to 72 h. Presumptive identifica-
tion of C. difficile colonies was based on their typical morphology on agar
plates, Gram stain, and the characteristic horse manure odor. Suspected
colonies were subcultured to egg yolk agar (EYA) and nonselective anaer-
obic blood agar plates. Identification was confirmed by a negative leci-
thinase test for colonies on EYA; a positive C. difficile somatic antigen latex
agglutination test (Microgen, Surrey, United Kingdom), and yellow-
green fluorescence under long-wave UV light for colonies on blood agar.
The collection of clinical data and culture for C. difficile was approved by
the Xiangya University Hospital Institutional Review Board.

PCR ribotyping and tcdA/tcdB detection. PCR ribotyping was per-
formed as previously described, except that amplification reactions were
performed in a final volume of 50 �l containing 2.5 mM MgCl2 and 5 �l

DNA template (9). Strains with novel ribotype patterns were sent to the
Anaerobe Reference Unit, Cardiff, for identification of new PCR ri-
botypes. Strains were tested for the presence of tcdA and tcdB as described
by Lemee and colleagues (19).

Multilocus variable-number tandem-repeat analysis. Multilocus
variable-number tandem-repeat analysis (MLVA) using the set of 15 loci
described by Manzoor and colleagues was performed as previously de-
scribed (20). Isolates with �4 summed tandem-repeat differences
(STRDs) were classified as being different strains (20).

RESULTS
C. difficile strain characteristics. Feces samples were obtained
from 70 patients identified as having presumptive C. difficile, of
whom 21 were culture positive for C. difficile, although the me-
dium available lacked 0.1% pure taurocholic acid, which may have
reduced its sensitivity. Seven different PCR ribotypes were identi-
fied; the dominant PCR ribotype was 017 (48%), followed by 046
(14%) and 012 (14%); strains of the epidemic PCR ribotypes 027
and 078 were not observed (Fig. 1). The PCR ribotypes other than
017 were randomly spread over the time period and did not clus-
ter. The new ribotype 293 was identified. PCR toxin gene testing
confirmed all PCR ribotype 017 isolates to be negative for tcdA and
positive for tcdB. All other isolates were positive for both genes
with the exception of the two ribotype 009 isolates, which were
negative for both genes.

MLVA was performed on isolates that could potentially form a
cluster (two or more isolates of the same ribotype); a total of 18
isolates were subtyped. Isolates of PCR ribotype 012 were all dis-
tinct MLVA types, as were the three isolates of PCR ribotype 046
and the two isolates of PCR ribotype 009; the smallest number of
STRDs was 16. Within the 10 PCR ribotype 017 isolates, 4 separate
MLVA types were identified. Two clusters were found, each con-
taining four isolates; the remaining two isolates were completely
unrelated. In order to identify potential transmission, the wards
which patients carrying ribotype 017 occupied at the time they
developed presumptive C. difficile were identified (Fig. 2). Isolates
from spinal surgery and neurology wards clustered in one com-
plex, while isolates from spinal surgery, respiratory, and hematol-
ogy wards clustered in the second complex. Presumptive trans-
mission was observed between two patients (50 and 55) in the
spinal surgery ward who overlapped in stay; each carried an indis-
tinguishable MLVA type (Table 1; Fig. 2). Indistinguishable
MLVA types were also found in two patients (numbers 3 and 67)
on the respiratory ward from diverse time points.

Clinical data. Clinical data were collected from the 21 patients
from whom C. difficile was cultured during this study (Table 1).
All patients, with a single exception (no. 6), received either a quin-
olone or a third-generation cephalosporin antibiotic (sometimes
both) prior to the onset of diarrhea; quinolones were adminis-
tered to 81% and third-generation cephalosporins to 52% of pa-
tients, respectively. Two patients were admitted to the intensive
care unit due to diarrhea; however, there were no cases of toxic
megacolon or pseudomembranous colitis and no deaths. This
study was retrospective, so none of the patients were treated for C.
difficile. Within mainland China, C. difficile infection is not cur-
rently diagnosed because it is not included in diagnostic testing.
The mean age of patients was 58 years and only 3/21 were aged
�65 years. The mean time to onset of diarrhea in patients follow-
ing admission was 14.0 days, with a mode of 12 days. Only a single
patient was admitted with diarrhea.

FIG 1 Comparison of the distribution of PCR ribotypes of Clostridium difficile
from 21 patients at Xiangya Hospital, Changsha (a), and 75 patients at Fudan
University Hospital, Shanghai (b) (9).
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DISCUSSION

Although the People’s Republic of China is the most populous
country in the world and has a large and rapidly developing sec-
ondary and tertiary care hospital system, reports and studies of C.
difficile there are almost entirely absent from the literature. The
only English-language publication of a prospective study of C.
difficile in a hospital was a report of a study from a single hospital
site in Shanghai performed over a 1-year period in 2007 to 2008
(8). The hospital had a lot of tertiary referrals, so follow-up was
difficult and no evidence of cross-infection was identified (8). A
recent review of the Chinese-language publications on C. difficile
identified only local case reports and case series mainly from im-
munocompromised patients, with no epidemiological studies and
no clinical studies (6). The authors suggested that C. difficile may
be rarer than in the United States and Europe, but in the absence of
studies this conclusion was tentative at best.

In mainland China there is a low submission rate of samples
from patients for examination in microbiology laboratories. In
our experience it is not a normal practice to diagnose C. difficile
infection or therefore treat patients, as it is not regarded as a prob-
lem. The aim of our study was to seek cases of C. difficile infection
in a large hospital in mainland China to test the assertion that C.
difficile is rare. We identified C. difficile infection by culture to
enable molecular typing of isolates to see if cross-infection was
occurring. We identified 70 possible cases of C. difficile infection,
of which 21 patients had C. difficile cultured. Of the cultured iso-
lates, only two lacked tcdA and tcdB. A positive sample rate of 30%
was observed, which is higher than the rates found in the only
other Chinese studies reported, from mainland China (12.6%)
and Hong Kong (5.1%) (7, 13). However, our samples were sub-
mitted for a diagnosis of diarrhea, and because submission rates of
microbiology samples in Chinese hospitals are known to be low, in
consequence there may have been unrecognized collection/diag-
nosis biases. The mean age of the patients was low, at 58 years, with
only 19% �65 years old, which contrasts markedly with the find-
ings of a recent European study in which 63% were �65 years old
(1). Interestingly, a study using a commercial PCR test on 55 feces
samples from patients in Wuhan found 14 samples to be positive
and the mean age of the patients to be 60 years, supporting our
findings (21). The population structure of China is young, with
only 100 million of the 1,307.6 million population in 2005 aged
�65 years (Centre of Policy Studies [COPS] report of future pop-
ulation trends in China [see www.monash.edu.au/policy/ftp
/workpapr/g-191.pdf]). However, this will change rapidly, as pop-
ulation models suggest the �65-year-old group will grow to 200

million in 2026, with a significant change occurring by 2020
(COPS report of future population trends in China). The elderly
population will continue to grow, so that by 2029 it will be 233
million, exceeding the child population (232 million) in 2029 for
the first time in the history of China (COPS report of future pop-
ulation trends in China).

The quantity and range of antibiotics prescribed at the Xiangya
Central South University Hospital were much greater (all but one
patient received either a quinolone or third-generation cephalo-
sporin, with 14/21 receiving both) (Table 1) than those prescribed
in the United Kingdom, according to our experience, particularly
since the introduction of antibiotic stewardship to control C. dif-
ficile (United Kingdom Department of Health report on C. difficile
infection [see www.hpa.org.uk/webc/HPAwebFile/HPAwebC/12
32006607827]). China has the right setting for C. difficile infec-
tion, with heavy antibiotic prescribing, with the production of
antibiotics being recently quoted as 210,000 tons per annum, ap-
proximately half being used in human medicine (22). The per
capita use in China based on this production figure is approxi-
mately 10 times that of England, according to data from 2009 (23).
The frequency of use of nonprescribed antibiotics in the commu-
nity in China has been reported as 36% of individuals per annum,
compared to 3% in the United Kingdom (24). We believe that the
heavy use we observed of quinolones and cephalosporins, which
are highly selective for C. difficile, was a major driver for the cases
of presumptive C. difficile we observed.

The predominant C. difficile ribotype found at Xiangya Hospi-
tal South Central University was 017 (48%), followed by 012
(14%) and 046 (14%). Interestingly, this was the same order and
approximate frequency distribution reported from the Shanghai
study, which was performed 750 miles away (Fig. 1) (7). Clusters
of these three ribotypes were observed, so we used MLVA subtyp-
ing for the first time on Chinese isolates to test whether cross-
infection had occurred.

The application of MLVA subtyping to the isolates from
Changsha identified a probable outbreak of PCR ribotype 017;
two clusters of related isolates were identified, indicating pre-
sumed transmission of strains between patients. This was high-
lighted by two patients on the spinal surgery ward who were inpa-
tients during the same period and were both infected by C. difficile
of the same MLVA type. Identical MLVA types were identified in
patients admitted to the respiratory ward in April 2009 and Feb-
ruary 2010. This suggests a possible persistence of C. difficile
spores in the environment, which continue to be a source for new
infections, and highlights the requirement for more stringent in-

FIG 2 Minimum spanning tree (Manhattan) produced using 15 loci on 10 PCR ribotype 017 isolates from Xiangya Hospital, China. Each node represents a
single MLVA profile and the number of isolates with that profile is indicated by the node size. Nodes are coded by ward as follows: neurology (diagonal lines),
spinal surgery (horizontal lines), respiratory (grid lines), hematology (shaded and checkerboard lines), and cardiology (checkerboard). Numbers between the
circles are summed tandem repeat differences (STRDs); the unnumbered lines represent 1 STRD and numbers within the circles are the patient numbers. Gray
shading identifies isolates belonging to a cluster with STRDs of �4.
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fection control measures. Alternatively, this particular MLVA
may be common in patients attending the hospital.

Our finding that ribotype 017 was dominant is supported by
limited data from the only other study in mainland China (Fig. 1).
The only survey of ribotypes from Hong Kong was from a single
hospital and used a limited number of standard ribotypes for
comparison (but did include 017, 046, and 012). Unusually, 70%
were of an unknown pattern, with a further 11.6% being nontype-
able (16). Only 0.6% of isolates were 017 and 2.3% were 012, with
no 046 identified, which is markedly different from our findings in
mainland China. However, 10.1% of isolates were 002, represent-
ing a local endemic strain which was presumed to be causing
cross-infection (16). The distribution of ribotypes in European
countries varies quite markedly between countries and is very dif-

ferent from that of mainland China (1). When ribotypes domi-
nant in mainland China were compared with the European distri-
bution of ribotypes, ribotype 012 made up 4.0% of isolates, 017
made up 4.0%, and 046 made up 2.0% (1). Interestingly, 012 and
017 were mainly seen in Southeast Europe.

Ribotype 017 C. difficile strains have long been recognized to
cause pseudomembranous colitis (PMC), although they invari-
ably are toxin A� B� (25). A large-scale study of hospital-associ-
ated C. difficile in Korea identified toxin A� B� as the most com-
mon strain with a strong statistical association with PMC (26). It
has been suggested that altered virulence properties of the typi-
cally toxin A-negative 017 ribotype are responsible for its domi-
nance and ability to cause outbreaks of clinical disease (27). This
may not be the case, however, because previous studies found that

TABLE 1 Clinical data collected from 21 patients with C. difficile infection from Xiangya Hospital, China

Patient
no. Age/sex Ward

Antibiotics administered (length of
treatment [days])

Date admitted (length
of stay [days])

Diarrhea onset date
(mo/day/yr) Sample date

PCR
ribotype

1 40/M A&E/CM Cefepime (2), cefoperazone-tazobactam
(11), cefpiramide (5)

4/3/2009 (27) 4/5/2009 4/7/2009 293

3 54/M R Moxifloxacin (3), cefuroxime (8) 3/20/2009 (20) 4/2/2009 4/3/2009 017
4 52/M H Piperacillin-tazobactam (8), gatifloxacin

(28), vancomycin (6), meropenem
(6), imipenem-cilastatin (6)

3/10/2009 (54) 8/4/2009 4/13/2009 017

6 54/M VS/ICUb Piperacillin-sulbactam (16) 5/13/2009 (22) 6/1/2009 6/2/2009 046
9 72/M O/ICU Ceftizoxime (6), cefoperazone-

sulbactam (1), levofloxacin (3),
azithromycin (5), meropenem (11),
cefepime (2), vancomycin (3)

2/16/2009 (68) 2/27/2009 4/5/2009 009

11 79/F N Cefoperazone-tazobactam (6),
pazufloxacin (3), azithromycin (6),
teicoplanin (9), vancomycin (8)

4/25/2009 (17) 5/1/2009 5/2/2009 017

13 55/M S Pazufloxacin (5), cefamandole (3),
gentamicin (3)

3/26/2009 (19) 4/2/2009 4/4/2009 012

17 57/M S Pazufloxacin (13), cefamandole (13),
gentamicin (1)

4/10/2009 (24) 5/4/09 5/6/2009 017

18 75/F S Ceftriaxone (8), clindamycin (14),
cefonicid (4), cefodizime (6),
meropenem (6)

5/20/2009 (23) 6/2/09 6/2/2009 017

25 56/F C Cefotaxime (6), ciprofloxacin (5),
clindamycin (6)

4/30/2009 (15) 5/10/2009 5/12/2009 017

32 56/M H Levofloxacin (3), teicoplanin (3),
meropenem (4)

5/15/2009 (7) 5/18/2009 19/05/2009 017

35 57/M S/ICUa Pazufloxacin (8), cefamandole (3) 5/14/2009 (46) 5/22/2009 5/24/2009 012
36 49/M GS Cefamandole (7), levofloxacin (8) 5/20/2009 (16) 5/20/2009 5/21/2009 046
43 53/F GI Cefamandole (4), levofloxacin (6) 12/25/2009 (14) 1/1/2010 1/2/2010 014
44 73/F N Cefmenoxime (6), moxifloxacin (10),

piperacillin-tazobactam (3)
12/26/2009 (20) 1/7/2010 1/8/2010 020

49 50/F O Levofloxacin (3), ceftriaxone (3),
cefoperazone-tazobactam (7)

8/5/2009 (15) 8/13/2009 8/13/2009 046

50 53/F S Cefamandole (6), pazufloxacin (6),
gentamicin (6)

8/8/2009 (37) 9/16/2009 9/19/2009 017

55 54/M CM/S Cefamandole (1), gentamicin (20),
cefoperazone-sulbactam (10),
ceftriaxone (8), pazufloxacin (20),
vancomycin (10)

7/25/2009 (40) 10/16/2009 10/17/2009 017

59 45/F O Ceftriaxone (6), azithromycin (3) 12/15/2009 (13) 12/23/2009 12/25/2009 009
60 81/M GI Pazufloxacin (8), cefmenoxime (15) 3/10/2009 (61) 4/5/2009 5/7/2009 012
67 54/F R Levofloxacin (5), ceftriaxone (3) 2/1/2010 (18) 2/8/2010 2/8/2010 017
a Hospital wards: A&E, emergency department; CM, traditional Chinese medicine; R, respiratory; H, hematology; VS, vascular surgery; ICU, intensive care unit; O, oncology; N,
neurology; S, spinal surgery; C, cardiology; GS, general surgery; GI, gastrointestinal.
b These patients required ICU admission for C. difficile infection.
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the toxin A-negative 017 ribotype does not contain binary toxin
genes and that tcdC is intact and functional, unlike PCR ribotype
027 (28). A high proportion of PCR ribotype 017 isolates have
been shown to harbor ermB, which confers resistance to macro-
lides and lincosamides (28, 29). In view of the heavy use of anti-
biotics in Southeast Asia, selection due to resistance could be the
explanation for its dominance. The virulent PCR ribotype 027 that
has caused multiple outbreaks throughout Europe and North
America was not observed in our study. To date, PCR ribotype 027
has been reported from Hong Kong, Japan, and Korea but not
from China (13, 30, 31). Similarly, another virulent strain, PCR
ribotype 078, which has caused problems in the Netherlands, was
not seen.

This study has provided evidence of probable cross-transmis-
sion of C. difficile within a major Chinese teaching hospital. We
present evidence of both cross-infection caused by ribotype 017
and endemicity of this strain in a number of wards. Risk factors in
China, such as widespread overprescription of antibiotics and the
growing elderly hospitalized population, means there is potential
for C. difficile to become a serious problem. Our data, together
with limited data from a limited previous study, suggest that
China has a characteristic pattern of ribotypes in hospitals, possi-
bly across most of the country, which suggests a well-established
problem. Intensification of medical treatment in large modern
hospitals is creating a vulnerable population susceptible to C. dif-
ficile. Currently in China, patients with nosocomially acquired
diarrhea are very rarely, if ever, investigated for C. difficile infec-
tion. Routine laboratory diagnosis would make the development
of infection control strategies possible, including early identifica-
tion of symptomatic cases, subsequent isolation of patients, and
directed environmental cleaning. An antibiotic stewardship
scheme targeted at broad-spectrum antibiotics, particularly fluo-
roquinolones and cephalosporins, would be useful in reducing
superfluous usage and controlling C. difficile infections. Future
recognition of C. difficile infection as an important nosocomial
infection in China and further epidemiological studies are essen-
tial to avoid increases in morbidity and mortality associated with
C. difficile. The annual cost of C. difficile infection in the European
Union (population 457 million) has been estimated to be 4,000
million US$ per annum (2); such a heavy financial cost would
have a significant adverse impact on the Chinese health economy.
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