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Clostridioides difficile
• Member of Peptostreptococcaceae family
• Gram-positive bacillus
• Strict anaerobe
• Spore former
• Protein toxin synthesis (TcdA, TcdB, CDT)
• Sporulation=making the spore in mother cell
• Germination=transition from spore to bacillus

Spore
• Infectious form
• Survival
• Resistant to antibiotics
• Resistant to antiseptics, disinfectants

Vegetative bacillus
• Replication
• Disease causation, 
• Adaptation
• Susceptible to antibiotics, 

antiseptics, disinfectants



Shen A, et al. Microbiol Spectrum 2019. PMID: 31858953
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Large glucosylating toxins: TcdA and TcdB
• bacterial AB-type protein toxins

• A domain is a glucosyltransferase (GTD)
• B domain responsible for binding, cytosol 

delivery and autoproteolysis of the A 
domain

• Synthesis is regulated via a pathogenicity 
locus (PaLoc)

• GTD uses UDP-glucose to enzymatically 
alter a critical threonine residue in the 
catalytic site of Rho GTPases

Mileto S, Das A, Lyras D. Microbiol Spectrum 2019. 7(3): GPP3-0015-2018. doi:10.1128/microbiolspec.GPP3-0015-2018.
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Intoxication
• Actin cytoskeleton
• Cell rounding, 

detachment
• Loss of 

intercellular 
junctions

• Apoptosis, 
necrosis

• Inflammasome 
formation via 
pyrin (IL-1β, IL-18)

• IL-8, IFN-ɣ, IL-23 
production

• ROS generation



Guh A, et al. N Engl J Med 2020. 
382:1320-30. 



Quantifying CDI Disease Severity

CDC criteria for severe CDI (any, 30-
days of CDI diagnosis):
1. ICU admission due to CDI,
2. Required surgery for CDI,
3. Attributable CDI death.

Fujitani S, George L, Murthy R. Infect Control Hosp Epidemiol 2011. 32:220-8. 
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McDonald LC, et al. Clin Infect Dis 2018. 66:987-94.



McFarland LV. Curr Opin Gastroenterol 2008. 25:24-35.

How Recurrent is CDI?

6-47%



Risk Factors for Recurrent CDI

Independent Risk Factor RR (95% CI)

Age ≥65 years 1.63 (1.24-2.14)

Additional antibioticsduring follow-up 1.76 (1.52-2.05)

Renal insufficiency 1.59 (1.14-2.23)

Proton pump inhibitor use 1.58 (1.13-2.21)

Prior fluoroquinolone use 1.42 (1.28-1.57)

Systematic review and meta-analysis of risk factors for rCDI
• 33 studies, n=18530
• Random effects model; pooled RR calculations

Deshpande A, et al. Infect Control Hosp Epidemiol 2015. 36:452-60. 



Tariq R, et al. JAMA Intern Med 2017. 177:784-91. 



Kelley CP. Clin Microbiol Infect 2012. 18(Suppl 6):21-7.



What about Treating Recurrent CDI (rCDI)?

McDonald LC, et al. Clin Infect Dis 2018. 66:987-94.



Louie TJ, et al. N Engl J Med 2011. 364:422-31.

• PRCT, multiple sites, double-
blinded, active comparator

• Adults with CDI (+ toxin, 1st or 
2nd episode in 3mos)

• 10 days: Oral vancomycin 
125mg PO q6hrs; fidaxomicin 
200mg PO q12hrs 

• Primary outcome: rate of 
clinical cure at EOT/withdrawal 
in both mITT and PP 
populations.

• Recurrence: within 4 weeks of 
cessation of initial therapy, CDI 
symptoms, toxin +, required 
treatment.



Making the Most of Fidaxomicin-the EXTEND trial

• Confirmed CDI, age>60yrs; excluded 
any with >2 CDI episodes past 3mos.

• 86 European hospitals
• ~36-37% severe CDI in each group
• Open-label RCT, superiority design
• Fidaxomicin 200mg tabs (total of 20 

tabs)
• BID on days 1-5
• One tab Q48hrs on days 7-25

• OR vancomycin 125mg PO q6hrs days 
1-10

• Primary outcome: sustained clinical 
cure at 30 days after EOT

• Secondary outcomes included 
sustained clinical cure and recurrent 
CDI, both at days 40, 55, 90 after EOT

Guery B, et al. Lancet Infect Dis 2018. 18:296-307.



Kyne L, et al. Lancet 2001. 357:189-93.

44 patients with incident 
CDI followed for 60 days

Gupta SB, et al. Clin Infect Dis 2016. 63:730-4.

Phase 2 trial of actoxumab and 
bezlotoxumab (n=99 in placebo group)

What about the host response?



MODIFY I and II: Bezlotoxumab for Prevention of Recurrent CDI

• Two double-blind, placebo-controlled 
RCTs, confirmed CDI, total n=2655, 
322 sites in 30 countries

• Standard-of-care antibacterials for 
CDI based on treating physician

• Bezlotoxumab 10mg/kg IV once, OR 
actoxumab* plus bezlotoxumab
(same doses), or placebo (* MODIFY 
1 included an arm receiving 
actoxumab alone; stopped after 
interim analysis)

• Primary outcome: recurrences within 
12 weeks of infusion

Wilcox MH, et al. N Engl J Med 2017. 376:305-17.



MODIFY I and II: Bezlotoxumab for Prevention of Recurrent CDI

Wilcox MH, et al. N Engl J Med 2017. 376:305-17.

ARR for bezlotoxumab vs 
placebo=0.10

NNT=10



Bezlotoxumab for Prevention of Recurrent CDI in Patients with Toxin + Stools

Toxin EIA+CCA NNT=6.5

tgPCR+toxigenic culture NNT=10.3

Direct Methods: toxin EIA, cell 
cytotoxicity assay (CCA)

Indirect Methods: toxin gene PCR, 
toxigenic culture

Wilcox MH, et al. Open Forum Infect Dis 2019.



Gerding DN, et al. Clin Infect Dis 2018. 67:649-56



ID physicians finally have 
their own CPT code:

5T00L

Fecal Microbiota Transplantation for Recurrent CDI



Cammarota G, et al. Gut 2017. 66:569-80.

Fecal Microbiota Transplantation (FMT): Practical Aspects



DeFilipp Z, et al. N Engl J Med 2019. doi:10.1056/NEJMoa1910437

Craven LJ, et al. Open Forum Infect Dis 2017. doi:10.1093/ofid/ofx243



Is Fecal Microbiota Transplantation Effective for Preventing 
Recurrent CDI?

YES!!

Ramai D, et al. Ann Gastroenterol 2019. 32:30-8.



Can FMT be given as a pill?

• Unblinded RCT, 3 sites
• Adults with ≥3 prior CDI episodes
• Oral capsule FMT (40) vs FMT via 

colonoscopy (360mL in cecum)
• Primary outcome: proportion with no rCDI

12 weeks after FMT

Primary Outcome
Oral Capsule Colonoscopy
51/53 (96%) 50/52 (96%)

Kao D, et al. JAMA 2017. 318:1985-93.



Spinler JK, Ross CL, Savidge TC. Anaerobe 2016. 41:51-7. 

Probiotics, Prebiotics, Synbiotics, Oh My!!

Probiotic: single or multiple living micro-organisms, 
administered to promote microbiome diversity and 
enhance colonization resistance.

Prebiotics: nutrients administered to enhance 
specific populations of the microbiome.

Synbiotics: mixtures of probiotics and prebiotics.



PLACIDE Trial: Probiotic RCT

• Multicenter RCT, double-blind, placebo-
controlled

• Lactobacilli and Bifidobacteria
• Inpatients ≥65yrs exposed to parenteral 

antibiotics; randomized to either probiotic 
(6x1010 cfu once daily x 21 days) or 
placebo

• Screened 17420, randomized 2981
• Primary outcomes: Antibiotic-associated 

diarrhea within 8 weeks; CDI within 12 
weeks

Allen SJ, et al. Lancet 2013. 382:1249-57.



What Do I Do?

• General
• Avoid antibacterials (if possible)
• Hygiene (soap and water)
• Dilute bleach (10%)
• Probiotics (live culture yogurts, kefir, OTC products)-optional, advise against in immunocompromised 

patients.
• First Recurrence (within 3 months)

• EXTEND trial fidaxomicin
• Vancomycin pulse-taper course
• Evaluate PPI use

• Second Recurrence (within 3 months)
• Bezlotoxumab (age>65, immunocompromised)

• Three or more recurrences (within a year)
• Bezlotoxumab
• FMT


