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Basic facts about C. difficile
Gram positive, spore-forming, anaerobic bacillus
oSpore Form:
oSurvives up to 6 months
oResistant to disinfectants (e.g., heat, light, alcohol)

oVegetative Form
oSurvives up to 6 hours
oEasier to kill with most cleansers and oxygen

o Many strains:
•

> 400 strains of C. difficile

•

The main virulence factors are toxins: A and B; Severe epidemic
strains produce an additional “binary toxin”

•

Of note, not all strains produce toxins and cause disease

Rupnik M et al. Nat Rev Microbiol. 2009;7:526-536

Impact of CDI
Epidemiology
•
•
•

Approximately 450,000 new cases per year
83,000+ recurrences per year in the United
States1
29,000 deaths1 per year (~80 per day!)

• The most common healthcare-associated
infection (HAE) in US hospitals
•

Excess healthcare costs for acute care
facilities alone ~$4.8 Billion per year2-4

1. Lessa FC et al. N Engl J Med. 2015;372:825-834. 2. Miller BA et al. Infect Control Hosp Epidemiol. 2011;32:387-390.
3. Magill SS et al. N Engl J Med. 2014;370:1198-1208. 4. Dubberke ER, Olsen MA. Clin Infect Dis. 2012;55(suppl 2):S88-S92.

C. diff causes a wide spectrum of disease
Asymptomatic carriage

• 3-5% of healthy adults
• 20% of patients
hospitalized for 1 week
• 50% of patients
hospitalized for 4 weeks
• C. diff = 20% of all antibioticassociated diarrhea (AAD)

Diarrhea

Pseudomembranous
colitis

Fulminant
Colitis

• 10% of CDI cases complicated by
pseudomembranous colitis

• 3-5% of all CDI cases
• Toxic megacolon, ileus, perforation, peritonitis,
sepsis/acute abdomen

Important functions of the microbiota

O’Hara&Shanahan 2006. The gut as a forgotten organ. EMBO reports 7:685-693

Risk Factors for CDI: Host, Organism, Environment
Host Factors:
Age
Comorbidities
Gender
Immune response

In our population:
• IBD patients
• Solid organ transplant recipients
• and other Immunosuppressed patients
• Malignancy +/- Chemotherapy

Acquisition:
The organism:
Antibiotic resistance
Sporulation
Virulence/Strain

ICU/Hospitalization
Day care?
Feeding tubes
Burden of spores
Antibiotic use
PPI use?

Many with community-associated CDI DO NOT have traditional risk factors

Cumulative antibiotic exposure increases risk of CDI
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PPIs may also increase the risk of CDI
• Pharmacoepidemiologic cohort study

• N= 101,796 discharges over 5 years
• Conclusion: Increasing stringency of acid
suppression therapy correlated with
increased risks of CDI
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1.53

1

Howell MD et al. Arch Intern Med. 2010;170(9):784-790

Single-step NAAT testing requires clinical suspicion for CDI
o Colonization without diarrhea occurs (esp. during hospitalization) → only
test symptomatic pts with diarrhea
o NAAT can stay positive for weeks to months; test of cure not recommended
o If suspicion for CDI, initiate Special Plus isolation while test pending
o High sensitivity of NAAT means single negative test rules out CDI; discontinue
precautions after negative test

Surawicz CM et al. Am J Gastroenterol. 2013;108:478-498.

Multi-Step Diagnosis of C. difficile Infection
STEP 1
Positive GDH
or NAAT

Negative
GDH or NAAT

STEP 2

Toxin Test

No CDI
Negative
Toxin Test

NO CDI –
No treatment
Surawicz CM et al. Am J Gastroenterol. 2013;108:478-498.

Positive Toxin
Test

YES CDI – treatment
needed

Multi-Step Diagnosis of C. difficile Infection
+ Enhanced Clinical Decision Making
STEP 1
• >3 unformed BM’s in 24 hours
• Exclude alternative causes

STEP 2

NAAT
Negative
NAAT Test

No CDI –
no treatment
Surawicz CM et al. Am J Gastroenterol. 2013;108:478-498.

Positive
NAAT Test

YES CDI – treatment
needed

Management Principles of CDI
1. Stop all nonessential antimicrobials

2. Confirm presence of toxin-producing C. difficile
in stool
3. Treat with C. difficile directed antibiotics
AVOID treating empirically unless: High clinical index of suspicion, Very
sick patient, or Immediate testing will not be available

Clinical Practice Guidelines for Clostridium difficile Infection in Adults: 2021 Focused Update by the Infectious Diseases
Society of America (IDSA) and Society for Healthcare Epidemiology of America (SHEA)

IDSA Updated CDI Treatment Guidelines in
2021

Treatment of Initial CDI:
Current Recommendations
Clinical Severity

Clinical and Lab Parameters

Recommended Treatment

Initial episode → Non-Severe

WBC <15,000 cells/mL
and Cr <1.5 mg/dL

•
•
•

PREFERRED: FDX 200 mg PO BID
x 10 days or
Vanc 125mg PO QID x 10 days
If above not available then
metronidazole 500 mg PO/IV TID
x 10 days

Initial episode → Severe

WBC>15,000 cells/mL
or Cr>1.5 mg/dL

•
•

Vanc 125mg PO QID x 10 days or
FDX 200 mg PO BID x 10 days

Initial episode → Fulminant

Hypotension/shock, ileus,
megacolon, mental status changes,
organ failure, etc.

•

Vanc 500 mg PO QID; If ileus,
then add Vanc enema +
metronidazole 500 mg IV TID

Clinical Practice Guidelines for Clostridium difficile Infection in Adults: 2021 Focused Update by the Infectious Diseases
Society of America (IDSA) and Society for Healthcare Epidemiology of America (SHEA)

What is fidaxomicin?
• Derived from Dactylosporangium aurantiacum

• Macrocyclic antibiotic
• Bactericidal with a MIC90 = 0.25ug/ml
• No interactions with other meds

• Specific for clostridial species
• Decreases sporulation
• Non-inferior clinical response to vancomycin in 2 large trials

• Side effects equal to vancomycin
•

Nausea, vomiting, abdominal pain, neutropenia, anemia, GI bleeding

Louie et al. Fidaxomicin vs Vancomycin for Clostridium difficile Infection
NEJM 364;5 Feb 3, 2011; 422-431

Fidaxomicin versus Vancomycin

Louie TJ et al. New Engl J Med. 2011;364:422-431; Cornely OA et al. Lancet Infect Dis. 2012;12:281-289.

Fidaxomicin May Cause Less Dysbiosis Than Vancomycin
Bacteroides group counts in feces before and after treatment with
fidaxomicin or vancomycin

Louie TJ et al. Clin Infect Dis. 2012;55(S2):S132–42.

Recurrent Infections
• One of the most challenging aspects of CDI is Recurrent CDI (rCDI):
o Complete abatement of CDI symptoms after appropriate treatment, followed by subsequent
reappearance of diarrhea and/or other symptoms after completion of that treatment
• Two forms of recurrences:
o RELAPSE infection with the same endogenous strain C. difficile
o REINFECTION infection with an exogenous strain of C. difficile
o Relapse and reinfection difficult to distinguish

• The treatment for CDI is also a simultaneous and major risk factor for its recurrence:
o Recurrences are associated with increase mortality, morbidity, length of stay, healthcare
utilization and costs; also puts additional strain on the patients’ and family’s QOL
1. Walters BA et al. Gut. 1983;24:206. 2. Young G, McDonald M. Gastroenterology. 1986;90:1098. 3. Wilcox MH et al.
J Hosp Infect. 1998;38:93. 4 LaBarbera FD et al. J Community Hosp Intern Med Perspect. 2015;5:26-33. 5. Ghantoji SS
et al. J Hosp Infect. 2010;74:309-318. 6. Rohlke F, Stollman N. Therap Adv Gastroenterol. 2012;5:403-420.
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Reasons for recurrences are multifactorial:
o Persistent dysbiosis, exposure to antibiotics, environmental exposures, lack of immunity, etc.

Clin Microbiol Infect 2012; 18 (Suppl. 6): 21–27

Antibiotic therapy and the window of vulnerability
for C. difficile recurrence
Window of vulnerability
Microbiota

Warn et al Antimicrobial Agents and Chemo Nov 2016 vol 60 no 11

IDSA 2021 Update for Recurrent CDI Infection:
Current Recommendations
Clinical Definition

Recommended Treatment

First recurrence

• Preferred: Fidaxomicin 200 mg PO BID x 10 days OR
BID x 5 days then QOD x 20 days (Both 20 pill regimens)
• Alternatives:
• Vancomycin PO in tapered and pulsed regimen
• Vancomycin 125 mg PO QID x 10 days (if metronidazole was used first)
• Adjunctive treatment:
• Bezlotoxumab 10 mg/kg IV x 1 during administration of SOC antibiotics

Second or more recurrence

• Fidaxomicin (same two regimen options as above)
• Vancomycin PO in tapered and pulsed regimen
• Vancomycin 125 mg PO QID x 10 days followed by rifaximin 400 mg 3 times daily
for 20 days
• Fecal microbiota transplantation (typically for ≥3 CDI episodes)

Johnson S et al. Clin Infect Dis. 2021;73(5):e1029–44

Rifaximin "Chaser" for rCDI
Recurrence of Diarrhea in Patients With CDI

Rifaxamin
Placebo

Outcome
Recurrent diarrhea
Recurrent CDI

Garey KW, et al. J Antimicrob Chemother. 2011;66:2850-2855.

• Standard therapy
 10 to 14 d (82% metronidazole;
18% vancomycin)
• Followed by placebo or rifaximin
(400 mg 3 times daily
 20 d)

Rifaximin, %
(n=33)
21
15

Placebo, %
(n=35)
49
31

P value
.018
.11

Extended-pulsed fidaxomicin vs. vancomycin –
(EXTEND) to Reduce rCID
o A randomized, controlled, open-label, phase
3b/4 trial
o 364 CDI toxin+ patients
o Primary end point - recurrence after 30d EoT
o Oral fidaxomicin extended pulse dosed
o 200 mg BID days 1–5, then once daily on
alternate days on days 7–25

Guery et al Lancet Infect Dis 2018; 18: 296–307

Immunity to C. difficile toxins: Role in preventing
recurrences
• Prospective study
• 63 patients→ 44 analyzed
• Measured IgG and M by ELISA
through day 12
• Results:
• OR for recurrence associated with
low IgG at day 12 = 48 (95% CI 3.5663)

Kyne et al. The lancet vol 357. Jan 20, 2001 189-193

Monoclonal antibodies designed to prevent recurrent CDI:
Actoxumab and bezlotoxumab
Fully human mAbs against C. difficile toxins A and B
– Actoxumab = MK-3415/MDX-066/CDA-1
– Bezlotoxumab = MK-6072/MDX-1388/CDB-1
– Actoxumab + bezlotoxumab = MK-3415A

Lowy I et al. N Engl J Med 2010; 362:197-205.

Only bezlotoxumab was found to reduce risk of recurrent CDI

Wilcox MH et al. N Engl J Med. 2017;376:305-317.

Greatest risk reduction for bezlotoxumab in high-risk groups

*

Gerding DN, et al. Clin Infect Diseases. 2018 67: 649-656

*

*

Vancomycin as CDI Prophylaxis

• 100 patients at high risk for CDI (age >60, admitted on systemic antibiotics)

Johnson SW et al. Clin Infect Dis. 2020;71(5):1133–9
Peled et al. Clin Infect Dis. 2021 Nov 1; 73(9): e2820–e2821.

Secondary Prophylaxis
• Primary prophylaxis: Not recommended
• Secondary prophylaxis: Several published studies
including RCT
• Vancomycin 125mg PO once or twice daily
while systemic antimicrobials are
administered for up to 5 days after systemic
antibiotics stopped
• Consider in patients who require systemic
antibiotics + recent episode of CDI
•

(< 3 months if immunocompetent or <1 year if
immunocompromised)

• No clear data on use of fidaxomicin for
prophylaxis

Johnson SW et al. Clin Infect Dis. 2020;71(5):1133–9
Peled et al. Clin Infect Dis. 2021 Nov 1; 73(9): e2820–e2821.

Fecal Microbiota Transplant (FMT)

Brief History of FMT

Courtesy slide of Charlie Buffie, MD PhD

Durable Alteration of Flora with FMT

Pretransplant: Veillonella, Clostridium, Lactobacillus, Streptococcus and unclassified
Posttransplant: Bacteriodes and Firmicutes
Khoruts et al. J clin Gastroenterol 2009

Efficacy of FMT for recurrent C. difficile infection
o Landmark 2013 trial: Open-label RCT (n=43)1
o Endpoint: Cure without relapse after 10 wk
o Results: 18 patients received FMT after failing
vancomycin; 15 (83%) were cured (13 patients
after 1 donor-feces infusion and 2 patients after
a second infusion)
o Highly effective, well-tolerated (no difference in
adverse events)
o FMT increased fecal microbiota diversity
o Limitation: Excluded immunocompromised
patients and those requiring further antibiotics
for other infections

van Nood E, et al. N Engl J Med. 2013;368:407-415.

Possible mechanisms underlying FMT efficacy
o
o
o
o

Competition for nutrients
Niche exclusion
Germination/growth inhibition
Bacteriocin production (e.g. Bacillius
thuringiensis, thuricin CD)
o Secondary bile acid biosynthesis
(e.g. Clostridium scindens)
o Activation of antimicrobial immune
defenses
o Augmentation of intestinal health
(e.g. short chain fatty acid
production)

Figure adapted from Khoruts, A., et al. Nature Reviews Gastroenterology & Hepatology 18, 67-80 (2021).

Role of bile acids in CDI

Theriot CM, et al. Annu Rev Microbiol. 2015;69:445-461

Intestinal bile acid composition changes
following vancomycin therapy

Qian et al Am J Physiol Gastrointest Liver Physiol 319: G227–G237, 2020

Intestinal bile acid composition changes
following vancomycin therapy

Qian et al Am J Physiol Gastrointest Liver Physiol 319: G227–G237, 2020

FMT consistently restores intestinal microbiota
structure and key bacterial populations
o Study population: Patients successfully
treated with single administrated FMT
(capsules)
o Consistent changes in microbial composition
(e.g. increases in Firmicutes decreased
Proteobacteria)
o Increases in Bacteroidetes occurred at later
timepoints

o Firmicutes include members capable of
secondary bile acid biosynthesis (e.g. C.
scindens)

Staley C Am J Gastroenterol. 2017 June ; 112(6): 940–947

No standardization for FMT (yet)
Select/screen donor (inclusion/exclusion criteria)

Screen Recipient (inclusion/exclusion criteria)

Pretreat recipient? (Abx/which one?)

Recipient bowel purge the night before transplant (Which preparation?)
Collection of donor stool (How much? Timing)

Resuspend/homogenize donor stool (diluent?)

Bakken J. Anaerobe 2009;15:285-9
Borody T et al. J Clin Gastroenterol 2004;38:475-83.

Administration (delivery?)

Dysbiosis association with disease
Gastrointestinal Diseases
Stone disease
CRC
Encephalopathy
Constipation
IBS
IBD
FMF
SIBO
Stomach cancer
MALT Lymphoma
Constipation
Diarrhea

Neuro

Metabolic
diseases

Infectious
diseases

Gut
Microbiota
Hepatic
diseases

Cardiovascular
diseases

Psychiatric
diseases

Non-GI diseases
Arthritis
Asthma
Atopy
Autism
Autoimmune disease
Chronic fatigue syndrome
DM/metabolic syndrome
Eczema
Fatty liver
Fibromyalgia
Hay fever
Hypercholesterolemia
ITP
Ischemic heart disease
Mood disorders
Multiple sclerosis
Myoclonus dystonia
Obesity
Oxalic acid kidney stones
Parkinson’s disease

Rising Risks of FMT
MDRO/Infectious RISKS

SARS RISKS

Regulation of FMT
o Stool, as related to the treatment of CDI, is a “biological product” and a "regulated article"
applicable to the prevention, treatment or cure of a disease or condition of human beings.
– Public Health Service Act [42 U.S.C. 262(i)], Section 351(i)
o FMT would constitute a "drug" as it is "intended for use in the diagnosis, cure, mitigation,
treatment or prevention of disease or is intended to affect the structure or function of the body.”
– Section 201(g) of the Federal Food, Drug, and Cosmetic Act [21 U.S.C. 321(g)]
o FDA regulates tissues (e.g. blood, cartilage, bone, skin)
o Physicians have “enforcement discretion”

RBX2660 (Full-spectrum):
Interim results from 5 prospective clinical trials
• Analysis: 5 prospective clinical trials (n = 723)
– 3 Phase II and 2 Phase III
• Intervention: Enema containing a suspension
of intestinal microbiota (RBX2660)
• Study population: ≥ 1 recurrence of CDI and
completion of ≥1 standard-of-care oral
antibiotic course, or ≥2 episodes of severe CDI
requiring hospitalization
• Primary outcome: Absence of recurrent CDI at
8 weeks following treatment
• Interim results: RBX2660 consistently
decreased rCDI, success rates varied (74.492.1%). Additional treatment in initial nonresponders increased success rates
1. Bancke L, Su X. Presented at: IDWeek 2021

CP101 (Full Spectrum)
• CP101 is an investigational orally administered, full
spectrum, microbiome therapeutic
• Double-blind, randomized, placebo-controlled trial of
198 patients with at least 1 CDI recurrence

• The primary efficacy endpoint - sustained clinical cure,
defined as an absence of CDI recurrence through Week
8 following dosing.
• Secondary endpoints - efficacy and safety evaluated
through Week 24.

Sustained Clinical Cure after SoC
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• Durable efficacy for the prevention of rCDI and a safety
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Alegretti; DDW Abstract 2021

Placebo

SER-109 (Consortia)
•

SER-109 is a consortia of ~50 species of live Firmicutes
spores derived from stool specimens from healthy donors
and alcohol purified

•

ECOSPOR-III: Phase III, double-blind, randomized, placebocontrolled trial
• N=281 pts; (182 patients with 3 or more toxin + CDI)
• After standard of care
• Magnesium citrate purge
• SER-109 vs placebo (4 capsules x 3 days)
• Primary efficacy endpoint – rate of recurrence after 8
weeks and safety at 24 wks
• Secondary efficacy endpoints - engraftment,
metabolites (secondary bile acids)

Feuerstadt et al. NEJM 2022;386:220-9

VE303 (Defined Species)
Phase II CONSORTIUM trial
• VE303 is a rationally-defined consortia of 8
clonal human commensal bacterial strains
manufactured under cGMP conditions
• Provide colonization resistance to C. difficile
• Phase II, randomized, double-blind, placebocontrolled trial designed to evaluate the
safety and efficacy of VE303 to treat patients
at high risk of recurrent CDI
• 1:1:1 (29-high-dose group, 27-low-dose
group, and 22-placebo group) x 2 weeks
•
•

High dose VE303 met its Primary Efficacy
Endpoint
13.8% vs 45.5% in rate of recurrence at 8 weeks
versus placebo (31.7% ARR)

• Phase III to begin in 2022

https://www.vedantabio.com/news-media/press-releases/
detail/2805/vedanta-announces-positive-topline-phase-2-data-for-ve303

ART24 (Single Species)
• ART24 is a naturally occurring, pure bacterial
strain with potent and selective in vitro and in
vivo activity against a broad range of clinically
relevant C. difficile ribotypes and associated toxins
• Phase I randomized, double blind, placebocontrolled study in 36 participants with with a
recent CDI who have completed a SoC course of
antibiotics and have achieved clinical cure based
on signs and symptoms

• Patients will be followed for 6 months

Zone of Inhibition of cell free extract of ART 24

O’Donnell M et al. Artugen Therapeutics Abstract 2020

Ridinilazole (Molecules)
• Ridinilazole is a targeted spectrum antibiotic
• Phase II, randomized, double-blind, activecontrolled, non-inferiority study vs vancomycin to
reduce rCDI
• Patients received oral ridinilazole (200 mg BID) or
oral vancomycin (125 mg Q6 hours) for 10 days

• Primary endpoint - Clinical cure at the end of
treatment and no recurrence within 30 days

Vickers RJ et al. Lancet Infect Dis 2017: 735-744

Targeted antibiotics against C diff have less impact on
microbiome than vancomycin
Vancomycin

Ridinilazole
Firmicutes
C. difficile

C. difficile

Proteobacteria
Thorpe CM et al. PLoS ONE. 13(8): e0199810

Summary of Future CDI Therapies

Full Spectrum
Consortia
Select Species
Single Species
Molecules

Summary of Future CDI Therapies
Full Spectrum (RBX2660, CP101)
Consortia (SER-109)
Select Species (VE303)
Single Species
(ART24)

Molecules
(Ridinilazole)

Conclusion
• Biodiversity in the microbiome is key to resistance to CDI
• CDI has a tremendous impact on patients and the health care system
• Adherence to CDI management guidelines can help reduce CDI and rCDI
•
•
•
•

Fidaxomicin> vancomycin > metronidazole
Antibiotic dosing strategies
Passive Immunity - bezlotoxumab
FMT

• FMT is a powerful tool to break the cycle of rCDI but still requires rigorous
investigation and testing
• New agents such as live biotherapeutic (LBT) and targeted antibiotics are
under investigation in RCTs and are showing promise

Summary
• (Fecal) microbiota-based therapies have been utilized to treat GI and/or
diarrheal illnesses for centuries.
• Antibiotic therapies perturb the intestinal microbiota and create a ‘window
of vulnerability’ to C. difficile infection.
• Evidence from recent clinical trials indicates that FMT is very effective in
treating recurrent C. difficile infection.
• Possible mechanisms underlying FMT efficacy include bile acid metabolism,
biosynthesis of antimicrobial factors, enhancement of host
health/immunity, and competitive exclusion.
• In compliance with FDA guidance, interim results from ongoing clinical
studies of microbiota-based investigational therapy (RBX2660) consistently
decrease rCDI.

Summary
• When you suspect CDI (true diarrhea with + test):
– Discontinue all nonessential antimicrobials
– Send C. difficile NAAT + initiate Special Plus Isolation Precautions
• Fidaxomicin (preferred) and vancomycin are now first line for treatment
• If no enteral access or severe disease, can use IV metronidazole

• Involve GI + ID + Surgery early for fulminant disease
• For recurrent CDI, consider vancomycin or fidaxomicin advanced regimens or
bezlotoxumab,
• After 2nd recurrence, consider FMT if available
• Consider vancomycin secondary prophylaxis for high risk groups (not primary)
• Prevention is is still key!
• Trust your antibiotic stewards…

