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ABSTRACT Few studies on risk factors for and transmission of Clostridium difficile in-
fection (CDI) in China have been reported. A cross-sectional study was conducted for
3 years in eastern China. Consecutive stool specimens from hospitalized patients
with diarrhea were cultured for C. difficile. C. difficile isolates from these patients
then were analyzed for toxin genes, genotypes, and antimicrobial resistance. A se-
verity score for the CDI in each patient was determined by a blinded review of the
medical record, and these scores ranged from 1 to 6. A total of 397 out of 3,953 pa-
tients (10.0%) with diarrhea were found to have CDI. Severity of CDI was mild to
moderate, and the average (� standard deviation) severity score was 2.61 � 1.01. C.
difficile was isolated from stool specimens in 432 (10.9%) of all the patients who had
diarrhea. C. difficile genotypes were determined by multilocus sequence analysis and
PCR ribotyping; sequence type 37 (ST37)/ribotype 017 (RT017) (n � 68, 16.5%) was
the dominant genotype. Eleven patients (16.2%) with this genotype had a CDI sever-
ity score of 5. Overall, three RTs and four STs were predominant; these genotypes
were associated with significantly different antimicrobial resistance patterns in com-
parison to all genotypes (�2 � 79.56 to 97.76; P � 0.001). Independent risk factors
associated with CDI included age greater than 55 years (odds ratio [95% confidence
interval], 26.80 [18.76 to 38.29]), previous hospitalization (12.42 [8.85 to 17.43]), pre-
vious antimicrobial treatment within 8 weeks (150.56 [73.11 to 310.06]), hospital stay
more than 3 days before sampling (2.34 [1.71 to 3.22]), undergoing chemotherapy
(3.31 [2.22 to 4.92]), and undergoing abdominal surgery (4.82 [3.54 to 6.55]). CDI is
clearly a problem in eastern China and has a prevalence of 10.0% in hospitalized pa-
tients. Among risk factors for CDI, the advanced age threshold was younger for Chi-
nese patients than that reported for patients in developed countries.

KEYWORDS Clostridium difficile infection, risk factor, clinical features, cross-sectional
study, molecular characterization

The bacterium Clostridium difficile is a Gram-positive spore-forming anaerobic bacil-
lus that is responsible for antibiotic-associated diarrhea. Patients with C. difficile

infection (CDI) have clinical manifestations that range from asymptomatic carriage to
severe life-threatening pseudomembranous colitis (1), toxic megacolon, and sepsis (2).
In the United States, CDI is a frequent cause of gastrointestinal tract infection and can
cause colitis-related death. CDI in the United States affects �300,000 hospitalized
patients each year (3) and in 2007 resulted in 14,000 deaths (3, 4). In a survey of 183
hospitals in 2010, C. difficile was the most common health care-associated pathogen in
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the United States (5). In the United States in 2011, C. difficile caused almost 500,000
infections and was associated with approximately 29,000 deaths (4). CDI also is the
most common gastrointestinal tract disease associated with nosocomial infection in
Europe (6, 7).

Since the emergence of hypervirulent variants of toxigenic C. difficile in 2003, the
incidence, severity, and fatality rates of CDI have increased dramatically (8, 9).
Antimicrobial-associated treatment failure, frequent relapse, and a longer hospital stay
now are more commonly seen with CDI (10). This hypervirulent C. difficile epidemic
clone has been characterized as North American pulsed-field type 1 (NAP1) by pulsed-
field gel electrophoresis, BI group by restriction endonuclease analysis, and ribotype
027 (RT027) by PCR ribotyping (10, 11). Notably, the BI/NAP1/RT027 clone is resistant to
fluoroquinolones and produces significantly more TcdA and TcdB toxins than other
strains. This property may increase its pathogenicity (11). This C. difficile clone has been
transmitted rapidly and widely over the past decade, accounting for 50% of nonout-
break hospital-associated CDI in some settings (12). CDI caused by this BI/NAP1/RT027
strain is conservatively estimated to cost $3.2 billion per year in the United States (4).

Since 2008, the BI/NAP1/RT027 strain has spread beyond the original North Atlantic
domain. A few cases of CDI caused by a fluoroquinolone-resistant RT027 strain have
been reported in Asian-Pacific and European countries (6, 13). However, few studies
have examined risk factors and transmission in China, where CDI is an emerging
problem (14–17). Previous studies in China focused on patients with specific clinical
characteristics, including colorectal cancer (18), non-digestive tract cancer (18), hema-
tological malignancies (19), pregnancy (17), and advanced age (15). Sequence types 35
(ST35), ST37, and ST54 are the predominant genotypes in China. A variant toxigenic
A-negative/B-positive (A�B�) genotype of C. difficile in an ST37 strain is a potential
cause of epidemics (14), although the BI/NAP1/RT027 C. difficile strain has been
reported in China (20). Nevertheless, there is a paucity of data on CDI in China. For
example, specific risk factors, the relationship between molecular characteristics and
the severity of CDI, and antimicrobial susceptibility patterns for C. difficile isolates are
not known. We conducted a cross-sectional study of CDI in eastern China in order to
determine the clinical manifestations, prevalence, and molecular epidemiology of CDI
in hospitalized patients in eastern China. Furthermore, the clinical features of patients
with CDI were analyzed with respect to genotypes and risk factors.

(This study was presented in part at the 116th American Society for Microbiology
Annual Meeting, Boston, Massachusetts, 15 to 21 June 2016.)

RESULTS
Collection of clinical C. difficile isolates. A total of 3,953 hospitalized patients with

diarrhea at the First Affiliated Hospital of Zhejiang University (FAHZU) (n � 1,820) or at
a hospital belonging to the Hangzhou First People’s Hospital Healthcare Facility Group
(HFPH) (n � 2,133) were enrolled in this cross-sectional study over an approximately
3-year period. Standardized stool specimens were collected from each patient; 432 C.
difficile isolates (10.9%) (FAHZU, n � 174; HFPH, n � 258) with the tpi gene were
recovered from these stool specimens. Based on PCR amplification of tcdA and tcdB, 397
isolates (91.9%) carried one or both of these genes and were considered toxigenic,
while the remaining 35 isolates (8.1%) were nontoxigenic. Twenty-one toxigenic C.
difficile isolates were excluded from subsequent analyses because they became non-
viable after storage (Fig. 1). The remaining 411 isolates were tested further for toxin
gene identification, antimicrobial susceptibility patterns, PCR ribotyping, and multilocus
sequence typing (MLST).

Genotypes of C. difficile isolates. Of the 411 C. difficile isolates, 282 (68.6%) tested
positive for both tcdA and tcdB (A�B�), 94 (22.9%) tested negative for tcdA and positive
for tcdB (A�B�), and 35 (8.5%) tested negative for both tcdA and tcdB (A�B�). There
were no deletions found in tcdC genes from all toxigenic isolates examined. No isolate
tested positive for the binary toxin genes cdtA and cdtB. They were assigned to 56 RTs;
RT001 (n � 59, 14.4%), RT012 (n � 55, 13.4%), and RT017 (n � 68, 16.6%) were
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predominant. Similarly, 27 ST genotypes were assigned based on MLST; ST2 (n � 46,
11.2%), ST3 (n � 67, 16.3%), ST37 (n � 68, 16.6%), and ST54 (n � 53, 12.9%) were
predominant. Exclusive correlations were found between toxigenic ST37/ST39/ST81
and toxin type A�B� and between nontoxigenic ST15 and A�B� isolates.

The ST and RT genotypes had a general agreement of 55.2% (227/411), and
exclusive correlations were found in three genotypes (i.e., ST37/RT017, ST39/RT085, and
ST81/RT040). High correlations were revealed in ST54/RT012 (96.4 to 100.0%), ST48/
RTAI-53 (81.8 to 100.0%), ST17/RT018 (76.5 to 100.0%), and ST3/RT001 (86.6 to 98.3%).
However, no correlation was detected for ST2 strains, which exhibited high genetic
diversity and included 10 RTs (007, 014, 020, 040, 404, 445, 452, 463, 477, and 563/1).

Antimicrobial susceptibility of isolates. The antibiotic susceptibility patterns of
411 C. difficile isolates are presented in Table 1. The antimicrobial resistance rates were
distinctly higher for fusidic acid, ciprofloxacin, clindamycin, levofloxacin, and erythro-
mycin than for piperacillin-tazobactam (PIP-TAZ), metronidazole, rifampin, moxifloxa-
cin, gatifloxacin, vancomycin, and tetracycline. While all isolates were sensitive to
vancomycin, 64 (15.6%), including one nontoxigenic isolate, were revealed to be
resistant to metronidazole (MIC values, �256 �g/ml). The remaining metronidazole-
susceptible isolates had MIC values of �1.0 �g/ml. Four toxigenic and one nontoxi-
genic isolate were resistant to PIP-TAZ. Notably, 306 (74.5%) of these isolates were
multidrug resistant (MDR); toxigenic isolates had a much higher MDR rate (295/376,
96.4%) than those of nontoxigenic strains (11/35, 31.4%) (odds ratio [OR], 7.95 [95%
confidence interval (CI) 3.54 to 18.13]; P � 0.001). However, the MDR rate (217/282,
77.0%) in A�B� isolates was not significantly different from that (78/94, 83.0%) in A�B�

strains (OR, 0.68 [95% CI, 0.36 to 1.30]; P � 0.218).
Genotypes and antimicrobial resistance. Correlations between antimicrobial re-

sistance and predominant genotypes (STs and RTs) were determined (Table 1). The
antimicrobial patterns for ST54 isolates were significantly different from those of the

FIG 1 Flow diagram of data collected during the cross-sectional study (1 June 2012 to 30 September
2015).
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other three major STs (�2 � 30.40 to 59.05; P � 0.001), while a similar pattern was
revealed for RT012 (�2 � 40.56 to 47.92; P � 0.001). The MDR rate was noted to be high
in all STs and RTs in this study. Higher resistance rates were found in ST2/ST3 (14.9 to
19.6%; �2 � 4.876; P � 0.027) and RT001 (17.0%; �2 � 2.504; P � 0.114) strains than in
strains of other dominant genotypes (Table 1). Five PIP-TAZ-resistant strains were
sporadically distributed in different STs/RTs. Among the five isolates, 1, 2, and 2 had a
CDI severity score of 1, 2, or 4, respectively, resulting in an average severity score of 2.6.
Overall, antimicrobial patterns were significantly different among predominant STs/RTs
(�2 � 79.56 to 97.76; P � 0.001) (Table 1).

Correlation between genotype and clinical manifestations. The average
(� standard deviation) severity score was 2.61 � 1.01 for the 397 patients defined as
having CDI. There were no CDI severity scores of 6. The correlation between clinical CDI
severity and ST/RT genotypes for the 411 patients with retrievable C. difficile isolates
was further analyzed (Table 2). All nontoxigenic type A[minus]B� C. difficile isolates were
assigned a CDI severity score of 1 (Table 2). There were significant differences in CDI
severity scores among different RTs and MLST types (�2 � 19.35 to 21.58; P � 0.001)
(Table 2). In patients with a CDI score of �3, ST37 was found more frequently than ST2
(�2 � 4.25; P � 0.039), ST3 (�2 � 5.67; P � 0.017), and other STs (�2 � 6.97; P � 0.008).
Similarly, in patients with a CDI score of �3, RT017 was found more frequently than
RT001 (�2 � 6.18; P � 0.013) and other RTs (�2 � 8.08; P � 0.004). There was a total
of 22 patients with a CDI severity score of 5, and half of their infections belonged to the
ST37/RT017 genotype (Table 2).

Assessment of risk factors for CDI. Risk factors for contracting CDI were assessed
by a blinded review of the medical record of each patient. A bivariate analysis
between 397 CDI cases and 3,556 controls without CDI was conducted, and the
results are shown in Table 3. The following parameters were found statistically
significant between cases of CDI and controls without CDI: hospital location, age,
previous hospitalization, cumulative previous hospital stay exceeding 1 week,
undergoing chemotherapy, undergoing abdominal surgery, previous antimicrobial
treatment within 8 weeks, third- or fourth-generation cephalosporin use, fluoro-
quinolone use, carbapenem use, other antibiotic use, hospitalization stay over 3
days before sampling, and ward type (including oncology, gastrointestinal/anorec-

TABLE 2 Correlation between clinical CDI severities and genotypes of C. difficile isolates

Molecular
characterization

CDIa severity scoreb (%)

Analysis results

Comparison
among 5 CDI
severity scores Trend �2

1 (n � 35) 2 (n � 193) 3 (n � 103) 4 (n � 58) 5 (n � 22) Mean � SD �2 P value �2 P value

Toxin gene pattern
A�B� (n � 282) 0 152 (53.9) 79 (28.0) 44 (15.6) 7 (2.5) 2.67 � 0.05 113.8 �0.001 9.28 0.002
A�B� (n � 94) 0 41 (43.6) 24 (25.5) 14 (14.9) 15 (16.0) 3.03 � 0.12
A�B� (n � 35) 35 (100) 0 0 0 0 1.00

MLST type
ST2 (n � 46) 0 29 (63.0) 10 (21.7) 7 (15.2) 0 2.52 � 0.11 19.4 0.001 3.46 0.063
ST3 (n � 67) 0 36 (53.7) 21 (31.3) 9 (13.4) 1 (1.5) 2.63 � 0.10 1.85 0.174
ST37 (n � 68) 0 30 (44.1) 16 (23.5) 11 (16.2) 11 (16.2) 3.04 � 0.14 8.04 0.005
ST54 (n � 53) 0 24 (45.3) 18 (34.0) 11 (20.8) 0 2.75 � 0.11 0.001 0.978
Others (n � 177) 35 (19.7) 74 (41.8) 38 (21.5) 20 (11.3) 10 (5.7) 2.41 � 0.08 0.004 0.947

PCR ribotype
RT001 (n � 59) 0 33 (55.9) 18 (30.5) 7 (11.9) 1 (1.7) 2.59 � 0.10 21.6 �0.001 2.58 0.108
RT012 (n � 55) 0 25 (45.5) 18 (32.7) 11 (20.0) 1 (1.8) 2.78 � 0.11 0.11 0.741
RT017 (n � 68) 0 30 (44.1) 16 (23.5) 11 (16.2) 11 (16.2) 3.04 � 0.14 8.70 0.003
Others (n � 229) 35 (15.3) 105 (45.9) 51 (22.3) 29 (12.7) 9 (3.9) 2.44 � 0.07 1.967 0.160

aCDI, Clostridium difficile infection.
bCDI severity scores: 1, no clinical CDI; 2, mild CDI; 3, mild-to-moderate CDI; 4, moderate CDI; 5, moderate-to-severe CDI; 6, severe CDI (no cases observed).
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tal diseases, infectious diseases, and others) (Table 3). A multivariate analysis
including statistically significant parameters from the bivariate analysis was subse-
quently performed. Six parameters, including age, previous hospitalization, previ-
ous antimicrobial treatment within 8 weeks, hospitalization stay over 3 days before
sampling, undergoing chemotherapy, and undergoing abdominal surgery, re-
mained statistically significant between CDI cases and controls without CDI (Table
3). Notably, we found that an age of �55 years was a risk factor for patients in
eastern China. In a bivariate analysis, the ORs for �45, �55, �65, and �75 years of
age were 1.04, 9.62, 9.57, and 7.42, respectively (data not shown), indicating that
the age threshold was much lower in eastern China than the age thresholds seen
in developed countries.

DISCUSSION

CDI is an increasing public health concern worldwide and is the leading cause of
intestinal infection related to antimicrobial therapy. Since the emergence in recent
decades of the epidemic NAP1 clone and subsequent outbreaks of C. difficile-associated
disease in North America and Europe, there has been a dramatic increase in the number
of severe cases of CDI (10, 11). To our knowledge, this is the first large active
cross-sectional study of CDI in hospitalized patients in China to address both clinical
features and characterization of isolates. In this study, we found that age, previous
hospitalization, cumulative length of previous hospital stay, previous antimicrobial
treatment within 8 weeks, undergoing chemotherapy, and undergoing abdominal
surgery were risk factors in China. Age, previous hospitalization, and previous antimi-
crobial treatment within 8 weeks were the most prominent risk factors according to a
multivariate logistic regression analysis.

TABLE 3 Parameters and risk factors in 3,953 hospitalized patients with diarrhea

Parameter

No. (%) of clinical samples from which C.
difficile was isolated

Analysis results

Bivariate Multivariate logistic

Toxigenic C. difficile
isolated (n � 397)

No toxigenic C. difficile
isolated (n � 3,556) OR 95% CI P value OR 95% CI P value

Origin, HPFH 244 (61.5) 1889 (53.1) 0.71 0.57–0.88 0.002 1.21 0.90–1.63 0.212
Age � 55 yrs (median,

64 yrs)
333 (83.9) 1248 (35.1) 9.62 7.30–12.68 �0.001 26.80 18.76–38.29 �0.001

Gender, male 205 (51.6) 1854 (52.1) 1.02 0.93-1.26 0.846
Previous hospitalization, yes 300 (75.6) 1613 (45.4) 3.73 2.94–4.73 �0.001 12.42 8.85–17.43 �0.001
Cumulative previous hospital

stay exceeding 1 wk, yes
233 (58.7) 711 (20.0) 5.69 4.58–7.06 �0.001

Previous antimicrobial
treatment within 8 wks,
yes

388 (97.7) 2052 (57.7) 31.60 16.26–61.39 �0.001 150.56 73.11–310.06 �0.001

Previous antibiotic use
Third- or fourth-generation

cephalosporins
167 (42.1) 969 (27.3) 1.94 1.57–2.40 �0.001

Fluoroquinolones 104 (26.2) 547 (15.4) 1.95 1.53–2.49 �0.001
Carbapenems 61 (15.4) 312 (8.8) 1.89 1.40–2.54 �0.001
Others 56 (14.1) 224 (6.3) 2.44 1.79–3.34 �0.001

Hospital stay �3 days before
sampling, yes

132 (33.3) 663 (18.6) 2.17 1.74–2.73 �0.001 2.34 1.71–3.22 �0.001

Ward type
Oncology 94 (23.7) 311 (8.8) 3.28 2.50–4.19 �0.001
Gastrointestinal disease 190 (47.9) 526 (14.8) 5.29 4.25–6.57 �0.001
Infectious diseases 63 (15.9) 171 (4.8) 3.73 2.74–5.09 �0.001
Othera 50 (12.6) 513 (14.4) 0.86 0.63–1.17 0.322

Chemotherapy, yes 101 (25.4) 432 (12.2) 2.48 1.93–3.16 �0.001 3.31 2.22–4.92 �0.001
Abdominal surgery, yes 208 (52.4) 993 (27.9) 2.84 2.30–3.51 �0.001 4.82 3.54–6.55 �0.001
aOther ward types included urology, transplantation, respiratory medicine, bone and joint, and neurology.
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Interestingly, we found the age threshold as a risk factor for CDI patients in eastern
China to be lower than the age thresholds seen in developed countries. In a previous
study, we found that cancer patients younger than 50 years were more likely to be C.
difficile carriers (18). Similar results from a study of CDI in hospitalized cancer patients
in Beijing, China, revealed that the mean age of cancer patients with CDI was 56 � 16
years, which is significantly lower than the mean age reported in non-cancer hospitals
in the United States (4, 21). Similarly, results of a study on factors associated with
Staphylococcus aureus nasal carriage among healthy people in northern China indicated
that younger people (�24 years old) were more prone to S. aureus nasal carriage (22).
Whether antimicrobial overuse in China is associated with a younger age of acquisition
in patients with CDI merits further investigation.

There is still a paucity of antimicrobial resistance data for C. difficile strains in China.
Based on limited data obtained in 2009, no C. difficile strains from Shanghai (eastern
China) were resistant to metronidazole, vancomycin, PIP-TAZ, or meropenem. The rates
of resistance to other antimicrobials ranged from 17.9 to 71.4%, and all the strains were
resistant to ciprofloxacin. The antimicrobial resistance pattern observed in this study
differed dramatically from that in previous studies. The resistance rate for fusidic acid
(66.7%) was markedly higher than that reported previously (23). Even though the
resistance rate for rifampin (9.3%) was lower than that described in Shanghai in 2009
(23), resistance to PIP-TAZ and metronidazole was noted in our study. Moreover, 15.6%
of C. difficile strains in our study demonstrated high-level resistance to metronidazole.
Multiple metronidazole resistance mechanisms in Bacteroides fragilis and Helicobacter
pylori have been described (24). We are currently confirming the unusual resistance rate
to metronidazole revealed in this study and also are investigating possible mechanisms
for this resistance.

STs and RTs have been reported to have similar discriminatory abilities; multiple RTs
for the same ST usually had very similar profiles, and multiple STs for the same RT
generally had very closely related STs (25). Results of our study reveal that certain
related strain genotypes assigned as STs and RTs were highly associated with the
severity of CDI. Variant strains with the A�B� genotype played a role in the epidemi-
ology of CDI in China. Although the BI/NAP1/RT027 strain was reported recently in
China (20), none of the 411 C. difficile isolates that we recovered in this study were
found to be of that particular strain. In contrast, the A�B� genotype accounted for
23.2% of the isolates from Shanghai in 2009 (23). Moreover, 13.5% of the variant strains
were A�B� (17), and ST37 was a dominant genotype in two surveys of Chinese
hospitals in Beijing (16) and Hangzhou (26). ST37 has also been recognized as a
potential epidemic strain in China (14). In our study, the A�B� isolates were genetically
diverse, but ST37/RT017 was the most prevalent type. Of 22 patients with a CDI severity
score of 5, C. difficile strain ST37/RT017 was recovered from stool specimens in 50%.
More than one half of these ST37/RT017 isolates were resistant to gatifloxacin, a
fourth-generation fluoroquinolone. The ST37/RT017 strain, rather than A�B� per se,
seemed be the main driver of moderate-to-severe CDI in hospitals in eastern China.
These results should be confirmed with more detailed quantitative clinical studies in
which a multivariate analysis adjusted for confounding factors is conducted.

In conclusion, to our knowledge, this was the first large surveillance study in
hospitalized patients in eastern China in which prevalence of and risk factors for CDI
were determined. C. difficile clearly is present in hospitalized patients with diarrhea in
eastern China. Significant risk factors for CDI in China appear to be advanced age (�55
years old), undergoing chemotherapy, undergoing abdominal surgery, previous hos-
pitalization, exposure to antimicrobials, extended hospitalization (exceeding 1 week of
cumulative hospitalization), and hospitalization in specific wards.

MATERIALS AND METHODS
Study design. This cross-sectional study was conducted from June 2012 to September 2015, with

two gaps from January 2013 to March 2013 and December 2014 to February 2015 due to the Chinese
Spring Festival breaks. The study was conducted at the First Affiliated Hospital of Zhejiang University
(FAHZU), which is a tertiary care academic medical center in eastern China with 2,500 beds in 30 wards,
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as well as at seven other hospitals belonging to the Hangzhou First People’s Hospital Healthcare Facility
Group (HFPH). These eight hospitals cover the entire Hangzhou area. The majority of hospitalized
patients in these hospitals came from nine districts in Hangzhou and other cities in Zhejiang Province,
while the rest of the patients were from the Shanghai city, Jiangsu, Jiangxi, Anhui, and Fujian provinces.
Unformed stool specimens from selected patients with diarrheal illness during the study period were
collected and transported to the Zhejiang Provincial Center for Disease Control and Prevention (ZJCDC)
within 72 h for further testing (see below). To avoid overrepresentation, only the first stool specimen
from each patient was included. This study was approved by the institutional review boards of the
ZJCDC, FAHZU, and HFPH, and the informed consent requirement was waived.

Patient characteristics and definitions. Hospitalized patients with diarrhea were included in this
study. Parallel to stool collection, a standardized questionnaire was completed by clinicians for each
patient to record patient gender, age, diagnosis-related disease, past hospitalization and duration,
clinical data associated with CDI severity (e.g., abdominal pain, hypotension, shock, ileus, megacolon,
leukocytosis, and creatinine levels), and risk factors (e.g., antimicrobial treatment within 8 weeks,
undergoing abdominal surgery, and undergoing chemotherapy).

Diarrhea was defined as more than 3 loose, watery, or unformed stool passages within 24 h, based
on the Society for Healthcare Epidemiology of America and the Infectious Diseases Society of America
guidelines (27). A case of CDI was defined by a combination of clinical and laboratory results, which
included the presence of diarrhea plus a positive stool test result for toxigenic C. difficile (culture and PCR)
or clinical evidence of pseudomembranous colitis (27).

Clinical chart reviews were conducted by three independent investigators (Y.Z., P.Z., and W.F.) who
were blinded to culture and genotype results. A CDI severity score was determined for each patient
based on subjective interpretation of clinical manifestations, laboratory test findings, and attending
physicians’ clinical impression according to published guidelines (28, 29). Concordant scores from two or
more reviewers of the results of toxigenic C. difficile culture, detection of C. difficile toxin genes, PCR
ribotyping and multilocus sequence typing, and antimicrobial susceptibility testing were recorded. The
severity of CDI in each patient was assigned one of six scores, 1 (no clinical CDI), 2 (mild), 3 (mild to
moderate), 4 (moderate), 5 (moderate to severe), or 6 (severe) (28, 29).

Toxigenic C. difficile culture. Prior to toxigenic C. difficile cultures, the stool samples were treated
with alcohol, and the mixture was inoculated onto cefoxitin-cycloserine fructose agar plates prepared
with a C. difficile agar base and selective supplement (Oxoid, Basingstoke, United Kingdom). After
incubation for 48 h at 37°C in an anaerobic chamber with GENbag anaer (bioMérieux, Marcy l’Étoile,
France), the isolates were confirmed to be C. difficile as described previously (10). All isolates were stored
at �70°C in brain-heart infusion broth with 10% glycerol until subsequent analyses.

Detection of C. difficile toxin genes. Bacterial genomic DNA was extracted using a QIAamp DNA
blood minikit (Valencia, CA, USA) according to manufacturer instructions. The housekeeping gene tpi,
toxin genes tcdA and tcdB, and binary toxin genes cdtA and cdtB were detected using previously
described assays (25, 30). The tcdA primers amplified a 369-bp amplicon for toxin A-positive/B-
positive (A�B�) strains and a 110-bp amplicon for toxin A-negative/B-positive (A�B�) strains (30).
The standard C. difficile strains (ATCC 43255, 43598, BAA-1870, and BAA-1803) obtained from the
American Type Culture Collection (Manassas, VA, USA) were used as positive controls for tcdA and
tcdB and negative controls for the binary toxin genes. C. difficile ATCC BAA-1870 was used as a
positive control for the binary toxin genes, and the C. difficile strains ATCC BAA-1801 and 700057
were chosen as negative controls for tcdA and tcdB and the binary toxin genes. The blank, positive,
and negative controls were examined in parallel for each test. An analysis of partial tcdC deletions
was performed as described elsewhere (31).

PCR ribotyping and multilocus sequence typing. Six reference C. difficile strains (ATCC 43255,
ATCC 43598, BAA-1870, BAA-1803, BAA-1801, and ATCC 700057) were used as controls. PCR ribotyping
was performed by using PCR followed by capillary gel electrophoresis described previously (32). The 16S
rRNA gene primers were labeled at the 5= end with carboxyfluorescein. After PCR amplification, PCR
fragments were analyzed using an ABI 3100 genetic analyzer (Applied Biosystems, Foster City, CA, USA)
with a 36-cm capillary loaded with a POP4 gel (Applied Biosystems). The size of each peak was
determined using GeneMapper ID-X 1.3 (Applied Biosystems). The data were deposited in the WEBRIBO
database (https://webribo.ages.at/) for RT assignment. MLST was performed as described previously (25).
In brief, seven loci (adk, atpA, dxr, glyA, recA, sodA, and tpi) were amplified by PCR. Amplicon sequences
were determined by using a 3730 XL DNA analyzer (Applied Biosystems). Data for C. difficile alleles and
STs were deposited in a public C. difficile MLST database (accessible at http://pubmlst.org/cdifficile).

Antimicrobial susceptibility testing. C. difficile isolates were tested for susceptibility to fusidic acid,
ciprofloxacin, piperacillin-tazobactam (PIP-TAX), metronidazole, rifampin, moxifloxacin, gatifloxacin, van-
comycin, clindamycin, levofloxacin, tetracycline, and erythromycin by using Etest strips (AB Biodisk,
Durham, NC, USA) and following the Clinical and Laboratory Standards Institute (CLSI) M100-S22
guideline recommendations published in 2012 (33). ATCC strains of Bacteroides fragilis (ATCC 25285) and
C. difficile (ATCC 700057) were included in each run as controls. The interpretation of MIC results were
done following the CLSI recommendations for PIP-TAZ, metronidazole, moxifloxacin, clindamycin, and
tetracycline (33). The breakpoints for fusidic acid, vancomycin, rifampin, and erythromycin were deter-
mined according to a previous study (34, 35). For ciprofloxacin, gatifloxacin, and levofloxacin, breakpoints
of �2 �g ml�1 (susceptible), 4 to 7 �g ml�1 (intermediate), and �8 �g ml�1 (resistant) were established
on the basis of the CLSI guideline standard recommendations for C. difficile tested against trovafloxacin.
A strain with resistance to at least three antimicrobial classes was defined as multidrug resistant (MDR)
according to previously described standards (36).
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Data analysis. Data were analyzed using Statistical Package for Social Sciences (SPSS, Chicago, IL,
USA) version 16.0 and Epi Info version 3.5.1. Logistic regression analysis was used to identify independent
risk factors. Kruskal-Wallis and �2 tests were used to analyze correlations among STs, RTs, and antimi-
crobial susceptibility patterns of C. difficile strains. Kruskal-Wallis and linear trend �2 tests were used to
compare toxin gene patterns, STs, and RTs between CDI severity levels. Odds ratios (ORs), 95%
confidence intervals (CIs), and P values were calculated to assess the differences between groups, and a
P value of �0.05 was considered statistically significant.
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