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Establishing the role of components of the microbiome  
for the prevention and treatment of C. difficile infection. 

Fecal microbiome transplantation 
whole stool slurry by enema, 

endoscope, nasojejunal 
Modified FMT..pure 

microbial preps, 
microbe ID and 

recovery 

Modified FMT via 
subcomponents of 

microbiota alone or in 
combination 

Rec 
CDI 

Discovery of functional role 
of microbial Genus / 
species in host defence / 
colonization resistance 

Specific microbial ‘probiotics’ that 
restore colonization resistance in 
a preventative manner in 
susceptible populations 
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HEALTHY CONTROLS 

CLOSTRIDIUM 
DIFFICILE INFECTION 

C. difficile 

Proteobacter 
coliforms 

CDI occurs in association with a  
•  10-1 to -3 CFU/g reduction of Firmacutes 
•  10-2 to -6  reduction of Bacteroidetes 
•  102 to 3 increase in coliforms 

Antibiotic, C.difficile spore 



Comparison of metronidazole vs 
vancomycin in 2 trials [Genzyme 301 and 302) S.Johnson et 

al, IDSA, San Diego, Oct 19, 2012 

81.1% 
   

210/259 
 

Vanco 

%  
Response 

to   
treatment 

P=0.0203 



Increasing risk of recurrence of CDI after repeated 
recurrences;  by-product is dependence on 

vancomycin 

McFarland et al, ICHE 1999; 20: 43,   
Gerding,  Curr Top Microbiol Immunol 2000; 250: 127 
Louie, 2011 NEJM  
Van Nood, Kuijper and Keller, NEJM 2013 

Serial damage to microbiome? 
VS increased adherence/
persistence, biofilm, spore 
density? 



Treatment of 1000 cases of Clostridium difficile infection with 
metronidazole or vancomycin: effect of cumulative response patterns 
on total episodes of disease 
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results in 1394 episodes of CDI 
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Effect of Vancomycin on Bacteroidetes, C. coccoides [XIV], C.leptum and  
C difficile counts during and after treatment of CDI in Genzyme 301 patients 
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Changes in 3 main component normal microbiota  in patients randomized to 
metronidazole  375 mg QID as treatment  of CDI in the Genzyme 301 study 

METRONIDAZOLE  EFFECT ON COMPONENTS OF MICROBIOME,  
Genzyme 301 + met controls 



Rates of cure of recurrent CDI.  Van Nood, JJ Keller,  NEJM Jan 2013 





qPCR analysis of the gut microflora in normal donors and C. difficile  infected 
patients.  CFU, colony forming units,* p<0.05 , LLOD 103-4 



qPCR analysis of the gut microflora in C. difficile  infected patients pre and over time post 
bacteriotherapy.  Pre therapy microflora levels are compared to (A) 1 week, (B) 1 month, (C) 3 

months and (D) up to 1 year post bacteriotherapy. CFU, colony forming units,* p<0.05. 

N=28;  800 ml fecal slurry x 1, or  12-17 ml of pelleted and resuspended fecal microbes orally x1. 



Lawley et al, Plos Pathogens, October 2012.  Ribotype 027 persists post infection in 
C57BL mice, whereas ribotype 012 [630], and 017 [toxAneg] clear spontaneously. 027 
is a special strain type. All strains were clindamycin R/ermB pos. 



Mix B [Bacteroides sp nov, Enterorhabdus sp, E. Hirae, Lactobac. Reuteri, S. 
Warneri, Anaerostipes sp.nov] clears supershedder state in C57BL/6 mice post Cdiff 
infection by 027 spores/clindamycin. Mix A and C are dual organism combinations. 
Lawley et al, Plos Pathogens Oct 2012.  



Lawley et al, Plos Pathogens, October 2012.  Six microbes that cleared C. diff colonization. 



Itoh, Lee, Kawamura. Lab. Animals 1987; 21:20-25 

DATA   FAVORS CLOSTRIDIAL ORGANISMS  



Clostridial 
cluster XIV 
represent by 
C.coccoides 
probe. 

Reeves et al, Infect & Immun Nov.2012 

Lachnospiraceae spp limits severity of disease in CD challenged mice 



Repopulate : Emma Allen-Vercoe 
and Elaine Petrof, U Guelph and 
Queens U, respectively. Microbiome 
2013.  



Day 0 

T. Louie, Clin Infect Dis August 2012. 
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Off label use of fidaxomicin 

•  Use as a fidaxomicin ‘chaser’, following 
vancomycin   [Johnson & Gerding, CID jan. 2013] 

•  Treatment of multiple recurrent CDI. Will 
10 days BID work? Longer? Taper dose? 

68 y.o. M with 5 
recurrence, treated with 
10 days of FDX. 



Host metabolites, 
 bile acids 

Microbial products 
bacteriocins 

C. difficile 

Bacterial metabolism 

Nutrients 

Consumption, 
Conversion eg 
SCFAs 

Antimicrobial 
peptides 

IgA 
Bacterial products MAMPs 

cytokines 

Trends in Microbiology 2012 Jul, Britton & Young  

Strategies to maintain colonization resistance against C. difficile.  



CamSA, a cholate-
meta-benzene sulfonic 
derivative blocks 
taurocholate 
stimulation of 
germination. Infected 
mice are prevented 
from illness. JID 2013 
E. Abel – Santos, 
UNLV 

Trends Microbiol Jul 2012 

Bile Acid 
metabolism and 
control of CD 
sporulation 



Establishing the role of components of the microbiome  
for the prevention and treatment of C. difficile infection. 

Fecal microbiome transplantation 
whole stool slurry by enema, 

endoscope, nasojejunal 
Modified FMT..pure 

microbial preps, 
microbe ID and 

recovery 

Modified FMT via 
subcomponents of 

microbiota alone or in 
combination 

Rec 
CDI 

Discovery of functional role 
of microbial Genus / 
species in host defence / 
colonization resistance 

Specific microbial ‘probiotics’ that 
restore colonization resistance in 
a preventative manner in 
susceptible populations 



Figure 2. Phylogeny-based Principal Component Analysis. 

Biedermann L, Zeitz J, Mwinyi J, Sutter-Minder E, et al. (2013) Smoking Cessation Induces Profound Changes in the Composition of 
the Intestinal Microbiota in Humans. PLoS ONE 8(3): e59260. doi:10.1371/journal.pone.0059260 
http://www.plosone.org/article/info:doi/10.1371/journal.pone.0059260 


