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⚫ Background on Clostridioides difficile 

⚫ C. difficile infection in human in China

⚫ C. difficile in animals, food, and environment and clonal transmission

⚫ C. difficile in animals in China

⚫ Take home message

Outline



⚫ Firstly found in 1935, called as Bacillus difficilis

⚫ G-positive, spore forming obligate anaerobe

⚫ Widely found in environment, animal and human as a zoonotic pathogen

⚫ Colonization resistance: 4-15% health people, 21% inpatients, 15-30% 

long-term inpatients

Clostridioides difficile 

CDC/ Lois S. Wiggs (PHIL #6260), 2004



Clostridioides difficile infection, CDI

•  Diarrhea

•  Belly tenderness or pain

•  Fever 

• Nausea

• Kidney failure

• Toxic megacolon

• Bowel perforation      peritonitis

• Sepsis

CDI is 12–14 times more common than Methicillin-
resistant Staphylococcus aureus (MRSA) bacteraemia*

*Jones, A.M. et al. (2012) Clostridium difficile: a European perspective. J. Infect. 66, 115–128

Kawamoto S, et al. Radiographics, 1999, 19(4): 887-897.



The importance of CDI
C. difficile is considered as an immediate public health threat 
that required urgent and aggressive action.



The importance of CDI
ANTIBIOTIC RESISTANCE THREATS in the United States, 2013 ANTIBIOTIC RESISTANCE THREATS in the United States, 2019



Molecular epidemiology of Clostridioides difficile infection has been changing..............

The importance of CDI



CDI in human in China
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Molecular characteristics of CDI epidemiology have been more clarified, but community-acquired CDI should be further studied.

Update

CDI in human in China



CDI in human in China

• Eight medical centers belonging to two hospital alliances

• A cross-sectional study was conducted

• From June 2012 to September 2015 with two gaps

• All patients involved and identified

• Hangzhou and nearby cities 

• 2010 SHEA/IDSA definition

• Clinical data

• Six CDI severities graded 

• Stool samples collected and shipped to ZJCDC’s lab

• Toxigenic C. difficile culture

• Detection of toxin genes 

• PCR ribotyping

• Multilocus sequence typing

• Antimicrobial susceptibility testing



CDI in human in China

• 282 (68.6%): A+B+ 94 (22.9%): A-B+ 35 (8.5%): A-B-

• No ribotype 027 with 18-bp deletion in tcdC

53 ribotypes revealed27 STs revealed

MZ-resistance

MDR P

Toxigenic vs Non-toxigenic isolate <0.001

A+B+ vs A-B+ 0.218



CDI in human in China

Parameters

No. (%) of clinical samples with C. 
difficile isolated

Multivariant 
logistic

Toxigenic C. 
difficile (n=397)

No toxigenic C. 
difficile (n=3,556)

P value

Years of age, >55 333 (83.9%) 1248 (35.1%) < 0.001

Previous hospitalization, yes 300 (75.6%) 1613 (45.4%) < 0.001

Previous antibiotics treatment 
within 8 weeks, yes

388 (97.7%) 2052 (57.7%) < 0.001

Hospitalized stay over three 
days before sampling, yes

132 (33.3%) 663 (18.6%) < 0.001

Chemotherapy, yes 101 (25.4%) 432 (12.2%) < 0.001

Abdominal surgery, yes 208 (52.4%) 993 (27.9%) < 0.001

Assessment of Risk Factors for CDI



Conclusions
• C. difficile is circulating in hospitalized patients with diarrhea in eastern China

- A CDI prevalence of 10.0% was found

• The age threshold could be much younger in eastern China compared to those of 
developed countries

- The age of >55 years was a risk factor for inpatients in eastern China

- Different from the age of >64 years in the U.S and other developed regions

• The antimicrobial susceptibility profiles have changed dramatically

- The resistance rate for fusidic acid (66.7%) was markedly higher than previously reported

- Metronidazole resistances (15.6%) was reported

• The risk factors were identified in eastern China

- Including advanced age, previous hospitalization, antibiotic administration, chemotherapy, 

abdominal surgery, and extended hospitalization

• The ST37/ribotype 017 strain is likely to be an emergent epidemic clone in China 

- Even though CDI severity is generally mild to moderate (2.61±1.01 )

- Severe cases were associated with ST37/RT017 genotypes

CDI in human in China



CDI in human in China



CDI in human in China

• The dominant STs varied in different regions

ST8 in Hongkong (20.0%)

ST17 in Busan (56.0%), Fukuoka (18.6%) 

ST2 in Sydney (20.4%), Perth (25.8%)

ST63 in Singapore (31.0%)

ST3 (20%), ST37 (26.0%) and ST54 (20.0%) in Hangzhou

ST42 in New York (18.3%)

★ ST35 and ST2 widespread presence
• AMR profiles varied in different regions (All susceptible to vancomycin and metronidazole)

In New York, Sydney and Perth, higher fusidic acid resistance, but lower moxifloxacin, 

tetracycline, and erythromycin resistance

Lower gatifloxacin resistance in Sydney and Perth



Lim SC, et al. Clostridium difficile and One Health. Clin Microbiol Infect. 2020;26(7):857-63. 

RT078（ST11）

RT014/020

RT027（ST1）

Others

C. difficile in animals, food, and environment

⚫ Food animals, retail food, and the environment are important reservoirs of C. difficile.

⚫ This further demonstrates the relevance of C. difficile to the One Health concept.



⚫ It is the first time to use whole genome SNP typing to study the relevance of C. difficile isolates.

⚫ The 65 C. difficile RT078 isolates were sequenced and analyzed by core genome SNPs.

⚫ Clonal transmission of C. difficile RT078 has been found from pigs to farmers in Netherlands.

C. difficile interspecies transmission

Knetsch CW et al. Euro Surveill 2014 Nov 13;19(45):20954



C. difficile interspecies transmission

Knight DR et al. mBio 201910: e00446-19

⚫ The 200 ST11 and 7 ST258 isolates from human and animal/environmental source worldwide were sequenced.

⚫ Antibiotic resistance geno- and phenotypes varied across host species, geographic regions in C. difficile ST11.

⚫ The core genome accounted for just 19.8% of the pan-genome in C. difficile ST11.

⚫ This study provided novel insights into genetic relationship of ST11, a lineage of global One Health importance.



NGS+cgMLST

Werner A et al. PLoS One. 2020 Dec 21;15(12):e0244227

⚫ WGS was performed on 47 C. difficile RT046 isolates from pigs, environment and human cases of CDI in Sweden.

⚫ Genetic relationship among them was analyzed by SNPs and core genome MLST.

⚫ Whole genome sequencing of C. difficile PCR ribotype 046 suggests transmission between pigs and humans.

C. difficile interspecies transmission



Williamson CHD et al. Microbial Genomics. 2023;9:001046

C. difficile interspecies transmission
⚫ WGS was performed on 562 C. difficile isolates from clinical, environmental and dog in Flagstaff, AZ, in USA.

⚫ Eight STs were found across all three reservoirs, nine STs were shared across clinical and environmental reservoirs.

⚫ This study provides a One Health framework for comprehensive surveillance of C. difficile in a single community.



C. difficile in animals in China

• There were just two studies focusing on C. difficile from animals in China. 

398 pigs (7.8%)

121 chickens (7.4%)

19 ducks (21.1%)

200 sheep (2.5%)

375 cows (13.6%)

320 pigs (0%)

58 chickens (0%)

• ST11/RT078 from pigs was firstly reported in 2019 in China.

• ST35/RT046 from pigs was also reported with the gyrA mutation in China.



• ST11 was the predominant genotype in animals in China.

• The 15 isolates resistant to ciprofloxacin.

• All isolates were susceptible to tetracycline.

The characteristics of C. difficile molecular epidemiology in animals are still unclear in China 

C. difficile in animals in China



Zhou Y et al. Emerging Microbes & Infections. 2021;2005453

⚫ WGS was performed on 98 C. difficile isolates from hospitals, environment, animals, soil, and farmers in Zhejiang.

⚫ Three clonal groups (CG4, CG7, and CG11) shared across hospital and farm strains by SNP analysis.

⚫ Interspecies and cross-regional transmission of  C. difficile happened among different sources.

C. difficile interspecies transmission in China



Lim SC,et al. Clostridium difficile and One Health. Clin Microbiol Infect. 2020;26(7):857-863. 

One Health on C. difficile transmission 



Take home message 

⚫ C. difficile is a spore forming obligate anaerobe, leading to not only hospital-acquired infection, but also community-acquired infection.

⚫ Molecular characteristics of CDI epidemiology in China are different from those in other regions.

⚫ Studies on C. difficile in animals has demonstrated that this is a zoonotic pathogen, leading to interspecies clonal transmission.

⚫ Molecular characteristics of C. difficile in animals in China should be further studied in the futre.

⚫ It is essential that One Health perspective on CDI needs multi-disciplinary, multi-field cooperation.

⚫ More multi-center prospective or retrospective studies on C. difficile from different sources should be performed in order to better understand CDI 

and conduct control and prevention of CDI in the future.



Thank you for your attention
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