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Clostridium difficile infection (CDI)

• C. difficile : G+, spore-forming, obligate anaerobic 

bacterium, colonized in intestine. 

• The leading cause of antibiotic-associated intestinal 

disease by disrupting normal gut microbiota 

• The clinical outcomes can range from asymptomatic 

carrier to diarrhea and pseudomembranous colitis

• The currently available antibiotics for treatment of CDI 

are metronidazole, vancomycin and fidaxomicin, but 

high recurrence.

• Clostridium difficile infection (CDI) caused 453,000 

cases occurred in the United States in 2011 resulting 

in 29,000 deaths.

(from Nature Reviews, 2016)

Morphology and colon pathologic 
change caused by C. difficile



http://tombanwell.blogspot.com/2010_12_01_archive.html

Clostridium difficile 
infection is a modern day 
plague

Starr  & Campbell;  Clin Microbiol Infect 2001



C. difficile = Difficult to deal with

The good
C. acetobutylicum

The bad
C. perfringens

The ugly
C. difficile

Image credit: imagesci.com



Courtesy Dr. Jeanette Guarner, Infectious Disease 
Pathology Activity, DVRD, CDC, Sunenshine RH and 
McDonald LC.  Clev Clinic J Med. 2006;73: 1987-97. 

↓ chenodeoxycholate

↑ Cholate--taurocholate, glycocholate, deoxycholate

TcdA & TcdB

Image credits:  Nature Reviews Microbiology, Dr. Nir Hus



Innate immune-mediated defences against C. difficile 

Nat. Rev. Microbiol. 14:616, 2016

Limit bacterial 
dissemination, 
attenuate toxin 
activity and 
repair epithelial 
damage



Microbiota-mediated defences against C. difficile 

Nat. Rev. Microbiol. 14:609, 2016



Organization of toxin genes

FEMS Microbiol. Rev. 41:723.



TcdA structure FEMS Microbiol. Rev. 41:723



The autoprocessing domain (APD) undergoes a significant 
conformational change upon binding to InsP6

FEMS Microbiol. Rev. 41:723



The glucosyltransferase domain
FEMS Microbiol. Rev. 41:723



Structure of the CROPS domain

FEMS Microbiol. Rev. 41:723



Nat. Rev. Dis. Pri. 2:1, 2016
Structure and function of the large clostridial toxins 

Inositol hexakisphosphate 



The CDT binary toxin

FEMS Microbiol. Rev. 41:723

lipolysis-stimulated 
lipoprotein receptor

cyclophilin A



TcdA and TcdB primary structure and mechanism of action
FEMS Microbiol. Rev. 41:723



Cellular effects of C. difficile toxins
FEMS Microbiol. Rev. 41:723



C. difficile genome is highly diverse

SwineHuman Bovine Equine

Each strain contained hundreds of 
divergent genes

Some strains could not be typed by PFGE

Possibility of zoonotic  transmission

Hierarchical clustering (73)  - US, Canada, UK, France

Reference strain – CD630  (1982, Switzerland)

Janvilisri, J. bacteriol. 2009



Core genome of C. diff is extremely low

Core genome is  about 25% of the pangenome

E. coli core genome is  about 75% of the pangenome

Scaria J et al. PLOS one : e15147, 2010

Pairwise genome sequence comparisons



Strain (167) typing does not correlate with hypervirulence

Scaria J et al. PLOS one : e15147, 2010
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Janvilisri et al, PLoS One, e45608, 2012



Scaria J et al. JID, 203, 1613 2011Proteomics



Catabolic expansion leads to increased 
rate of colonization and virulence 

Scaria J et al.  
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