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Take everything I say with a grain of salt:

…and I will supply the salt shaker



C. difficile and the indigenous 

gastrointestinal microbiota

Theory: the indigenous 

microbiota can prevent 

colonization by C. difficile or 

it can control the population 

size in colonized patients

Corollary: antibiotics 

disturb the indigenous 

microbiota, allowing 

colonization or overgrowth 

and toxin production



Britton and Young (2014)

Gastroenterology 146:1547-1553





Point #1:

The microbiome is the latest and 

greatest new field of scientific 

discovery.



Journal of Infectious Diseases (1955) 91:57-65



Murine models of

C. difficile infection

Gut Microbes (2011) 2:326

Gut Microbes (2011) 2:145



Antibiotic treatment to create 

susceptibility to C. difficile







Point #2:

16S analysis is anatomy of a 

microbial community, not the 

physiology.



Metabolic status of the gut

and C. difficile infection



State transitions of the gut 

microbiota after antibiotics

Treated mice with cefoperazone 

and allowed to recover for 2 days 

or 6 weeks

Divided animals into two groups 

with half challenged with C. 

difficile (lethal dose)

Remaining animals had 

tissue/gut contents harvested for 

microbiome and metabolomics 

analysis (targeted and 

untargeted)
Theriot et al., Gut Microbes 2:1

Antonopoulos et al., IAI 77:2367

Theriot et al., Nat Commun 5, 3114 (2014)



Theriot et al., Nat Commun 5, 3114 (2014)



Lipids/Bile acids



ex vivo growth of C. difficile

in cecal contents

(R1) (S1) (R3) (R2)



Bile acids &

the microbiota

Britton & Young (2012)

Trends Microbiol 20:313-9



Nature (2014) doi:10.1038/nature13828



Points #3 & 4

The dynamics of the system are 

important.

Where you look is important (the 

answer isn’t always in the feces)



What happens during 

establishment of infection?

Timecourse of murine CDI

Infection with 100 spores of C. difficile

VPI 10463 (cefoperazone model)

Sacrifice animals every 6 hours up for 

36 hours (all animals moribund by 36 

hours)

Follow vegetative CFU, spores, toxin

Koenigsknecht et al. I&I Mar;83(3):934-4



Colonization and growth







ex vivo germination and growth



Point #5

What happens in vitro may not tell 

you what happens in vivo 



Antimicrob. Agents Chemother. 2014, 58(5):2767.





Point #6

Humans make a lousy model of 

murine physiology

(But if you are careful, you can find useful information)







Anna Seekatz

in revision



Anna Seekatz

in revision



Point #7

C. difficile infection represents a 

complex system with the host, 

microbiota and pathogen

Sometimes you can’t study everything, but when you don’t,

remember that there is something you aren’t looking at



Jhansi Leslie

unpublished data



Jhansi Leslie

unpublished data



How to get

rid of the 

microbiome:

Organoids

Jason Spence

Jhansi Leslie

Sha Huang
Leslie et al. (2015) Infect Immun

2015 Jan;83(1):138-45



biopsy

Enteroid

iPS reprogramming
Yamanaka Factors

De novo
differentiation

HIO
Mesenchyme+Epithelium
Simple growth conditions
(ENR)

Epithelium only
Complex growth conditions
(ENRW, p38i, TGFi, etc)
Sato et al., Gastroenterology, 2011



HIOs contain major cell types of 

the small intestine 



Organoids as an alternative?



Do HIOs have a functional epithelial 

barrier?

Nuclei/DPP4/ZO1/Ecad
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Barrier permeability 

assay

Leslie et al. (2015) Infect Immun

2015 Jan;83(1):138-45



Pruitt & Lacy (2012)

Front Cell Infect Microbiol 2:28
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Luminal TcdA and TcdB disrupt barrier function

Fluorescent 4kDa dextran (FD4)

+

purified C. difficile TcdA or TcdB



Control

TcdA

TcdB



Toxigenic C.difficile strains disrupt

the HIO epithelial barrier!

Fluorescent 4kDa dextran (FD4)

+

vegetative C. difficile



C. difficile bacilli and spores within 

the lumen of infected organoids



But wait a minute: Didn’t we know 

that C. difficile is an anaerobe?

Interesting observation: in one experiment, there actually 

appeared to be growth (multiplication) of C. difficile within 

organoids

Upon further investigation, appears that the microinjection 

system was contaminated with E. coli

Could E. coli alter the environment in a way to permit C. 

difficile growth?



E. coli and modulation of 

luminal oxygen tension

Hill et al. (unpublished data)



Conclusions

Microbe-microbe and microbe-

host interactions in C. difficile

infection are complex and range 

from antagonistic to facilitative.

Understanding the myriad 

interaction between C. difficile, 

the gut microbiota and the host 

could lead to new modalities for 

prevention and therapy.



Acknowledgments

ERIN PIs/Co-Is: David Aronoff, Gary 

Huffnagle, Phil Hanna, Patrick Schloss, 

Jun Li, Preeti Malani, Laraine Washer, 

Andzej Galecki, Mary Rogers, Todd 

Greene

Spence Lab: Jason Spence, Sha Huang

The Young Lab: Jhansi Leslie, Angela 

Hopkinson, Casey Theriot, Judy Opp, 

Katherine Wozniak, Mark Koenigsknecht, 

David Hill, Anna Seekatz

U19 AI090871

U19 AI116482


