
Current developments in 

Clostridioides difficile prevention, 

therapy and R&D

Guest speakers: Benedikt Huttner, Paul Feuerstadt, Kerrie Davies & Mark Wilcox 
Moderator: Christian John Lillis
Host: Victor Kouassi

13 March 2026



Capture essential R&D 

technical knowledge and share 

expertise with the global 

community through the REVIVE 

website (revive.gardp.org).

revive.gardp.org



Webinar recordings

revive.gardp.org/webinars



Antimicrobial Viewpoints

revive.gardp.org/antimicrobial-viewpoints



Antimicrobial Encyclopaedia 

revive.gardp.org/resources/encyclopaedia



If your question is 

addressed to a specific 

speaker, please include 

their name when 

submitting the question.

How to submit your questions

Please submit your 

questions through the box 

provided after clicking the 

‘questions’ button. We will 

review all questions and 

respond to as many as 

possible after the 

presentation.



This webinar was developed in collaboration with

https://cfamr.org.uk/



Today’s speakers

Current developments in Clostridioides difficile 

prevention, therapy and R&D

Benedikt Huttner

WHO, 

Switzerland

Paul Feuerstadt

Yale School of 

Medicine, USA

Kerrie Davies

University of Leeds, 

UK 

Moderator:

Christian John Lillis

Peggy Lillis Foundation, 

USA

Mark Wilcox

University of Leeds, 

UK



Current developments in Clostridioides 
difficile prevention, therapy, and R&D



Who Was Peggy? 

Peggy was a 56-year-old 
Brooklyn, Kindergarten 
teacher 

Single mother of two adult 
sons 

Peggy’s long-time dentist 
prescribed clindamycin 
following a root canal

 6 days later Peggy died from 
sepsis related to C. diff 
infection and toxic megacolon

Her sons founded PLF in 
response to her death
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Vision

We envision a world where C. diff infections are rare, treatable, and 

survivable. 

Mission

Peggy Lillis Foundation is building a C. diff awareness movement by 

educating the public, empowering advocates, and shaping policy



PLF’s Work

Patient Support

PLF offers a Peer 
Support program, Care 
and Nutrition guides, 
and an array of print 
and video resources. 

Education

PLF educates patients, 
healthcare workers, 
industry and the public 
through media, 
webinars, 

Policy Advocacy

We worked with Rep. 
Yvette Clarke to introduce 
the Peggy Lillis C. 
difficile Inclusion Act, 
requiring the reporting of 
all C. diff infections.

Awareness

PLF’s report “C. diff 
Awareness in America,” 
showed a 6 percent 
increase in awareness 
from 2021-2025



Benedikt Huttner
Benedikt Huttner is currently the unit head of Access, Stewardship and AMU surveillance in 

the Department of Antimicrobial Resistance at the World Health Organization (WHO)’s 

headquarters in Geneva. 
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Switzerland to train in infectious diseases. From 2006 to 2021, he worked as a clinician 
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obtained a master’s degree in the Science of Clinical Investigation.
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GLASS-AMR
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https://www.who.int/initiatives/glass/glass-routine-data-surveillance

https://www.who.int/publications/i/item/B09585

Pathogens currently included in 
GLASS-AMR are:

• Acinetobacter spp.

• E. coli

• Klebsiella pneumoniae

• Neisseria gonorrhoeae

• Salmonella spp. (non-typhoidal)

• Shigella spp.

• Staphylococcus aureus

• Streptococcus pneumoniae

Infections covered: 

Bloodstream, gastrointestinal, urinary 
tract and urogenital gonorrhoea 

No data on C. difficile

https://www.who.int/initiatives/glass/glass-routine-data-surveillance
https://www.who.int/initiatives/glass/glass-routine-data-surveillance
https://www.who.int/initiatives/glass/glass-routine-data-surveillance
https://www.who.int/initiatives/glass/glass-routine-data-surveillance
https://www.who.int/initiatives/glass/glass-routine-data-surveillance
https://www.who.int/initiatives/glass/glass-routine-data-surveillance
https://www.who.int/initiatives/glass/glass-routine-data-surveillance
https://www.who.int/publications/i/item/B09585


The Global Burden of Clostridioides difficile Infections,

2016–2024: A Systematic Review and Meta-Analysis

17 March 202618

• Peer-reviewed papers published in 

English in from January 2016 to July 2024

• 59 studies from 24 countries identified

• About 430’000 CDI cases

• 71% (42 out of 59) from North America 

and Europe

• None from Africa or Southeast Asia

Akorful et al. Infect Dis Rep 2025 Apr 14;17(2):31.  

 

Continent Incidence of CDI 

per 1000 

Admissions 

[95% CI]

Incidence of CDI 

per 10,000 

Patient-Days 

[95% CI]

Incidence of CDI per 

100,000 Population 

[95% CI]

Eastern 

Mediterranean

1.13 

[0.04; 3.64]

1.42 

[0.55; 2.70]

-

Europe 2.84 

[1.76; 4.18]

3.57 

[2.73; 4.52]

36.03 

[23.86; 50.68]

Latin America 1.69 

[1.54; 1.84]

3.09 

[2.82; 3.37]

-

North America 4.85 

[4.07; 5.70]

6.23 

[5.50; 7.00]

66.02 

[1.05; 230.95]

Western Pacific 2.34 

[1.68; 3.11]

3.59 

[3.10; 4.12]

16.74 

[4.30; 37.29]

Pooled Incidence 

Rate

2.56 

[2.18; 2.96]

3.90

[3.34; 4.51]

43.49 

[19.51; 76.96]
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Chilton et al. Nature Reviews Microbiology volume 24, pages215–232 (2026)

https://www.nature.com/articles/s41579-025-01242-2

C. difficile ribotypes vary across regions (very limited data from LMICs)



The burden of CDI in LMICs may be underestimated

17 March 202620

“Clinicians in these settings may not be 

considering CDI as a possible 

diagnosis”

“When you look for CDI, you find it, in 

rates that are similar to those in the 

United States and Europe”

Roldan et al. J Clin Microbiol. 2018 Feb 22;56(3):e01747-17.



No test for C. difficile included

in the 2023 version of the WHO EDL

But added in the 2025 edition
https://edl.who-healthtechnologies.org/

17 March 202621

https://iris.who.int/server/api/core/bitstreams/69fa4fa6-8830-4e00-a6fc-63257b677f65/content
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WHO BPPL 2024 Impact: Essential 
for research, investment, and public 
health action.

Priority Pathogens: 15 families 
categorized by critical, high, and 
medium priority.

Highlights:
• Focus on LMICs, prioritizing 

tailored interventions.
• Urgency due to resistance 

profiles, limited access, and 
innovation in the pipeline, and 
the burden and global health 
impact.

Contextualization is essential
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Methods: Pathogens updates 

Removed from 2017 BPPL

• Clarithromycin-resistant Helicobacter 
pylori

• Fluoroquinolone-resistant 
Campylobacter spp.

• Penicillin-non-susceptible 
Streptococcus pneumoniae

• Third-generation cephalosporin-
resistant Providencia spp.

• Vancomycin-intermediate and -
resistant Staphylococcus aureus

Added in BPPL 2024

• Macrolide-resistant Group A 
Streptococci

• Penicillin-resistant Group B 
Streptococci

• Macrolide-resistant Streptococcus 
pneumoniae

• Rifampicin-resistant TB (RR-TB)-(not 
new but this time is defined as a Abx-
pathogen combination)

25 pathogens   24 pathogens
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Methods: Criteria updates 
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Antibiotic resistance characteristics of C. difficile to CDI treatment agents

17 March 202627

Antibiotic (class) Mode of action Resistance mechanism Genes involved Spread

CDI treatment antimicrobials

Metronidazole 

(nitromidazole)
Nucleic acid synthesis

Plasmid-mediated pCD-METRO104 Uncommon

Haem-dependent

PnimBG promoter variant 

leading to constitutive 

transcription 

of nimB: production of a 

haem-binding 

flavoenzyme that 

degrades 

nitroimidazoles106,107

Uncommon, however, 

variation in susceptibility 

testing methods may 

have led to 

underestimation

Vancomycin 

(glycopeptide)

Bacterial cell wall 

synthesis
Not well understood

Possible vanSR, vanG, v

anA, vanW and vanZ inv

olvement, possibly 

plasmid-mediated 

(Tn1549)

Uncommon, some 

recent reports of 

elevated MICs

Fidaxomicin (macrolide) RNA polymerase
Mutations in RpoB and 

RpoC

Ala1143Leu/Gly/Asp 

in RpoB118,119,120, 

Gln1149Pro and 

in RpoC leading to 

Arg89Gly120

Very uncommon

Chilton et al. Nature Reviews Microbiology volume 24, pages215–232 (2026)

https://www.nature.com/articles/s41579-025-01242-2

https://www.nature.com/articles/s41579-025-01242-2#ref-CR104
https://www.nature.com/articles/s41579-025-01242-2#ref-CR106
https://www.nature.com/articles/s41579-025-01242-2#ref-CR107
https://www.nature.com/articles/s41579-025-01242-2/tables/1#ref-CR118
https://www.nature.com/articles/s41579-025-01242-2/tables/1#ref-CR119
https://www.nature.com/articles/s41579-025-01242-2#ref-CR120
https://www.nature.com/articles/s41579-025-01242-2#ref-CR120


Treatment of Clostridoides difficile
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AI-generated illustration created with Microsoft Copilot (2026)



Two options for CDI on the WHO Model List of Essential 

Medicines (added in 2017)
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https://list.essentialmeds.org/?indication=425
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GLASS-AMU dashboard

03/17/202632



Antimicrobial use data

National AMU aims to collect data for all registered antimicrobial 

products in the country

Product A Product 

B

List of products with all the information to 

uniquely identify the product and correctly apply the 

ATC/DDD methodology

➢Product ID

➢Number of units in each package

➢Strength per unit of product

➢Route of administration 

➢Substance

➢ATC code and DDD

The volume of each product used, expressed in 

DDDs, is calculated by multiplying the amount of active 

substance per product by the number of packages used, 

and dividing the result by the corresponding DDD value

Use express in number of packages utilized—whether imported, 

manufactured, distributed, dispensed, or reimbursed—within the 

population in the specified setting over the course of the year

Use by ATC substance: the consumption in DDDs for 

each product is aggregated and reported according to its 

ATC substance code



Global AMU data

17/03/202634
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Global

CTAS with data Oral fidaxomicin Oral Vancomycin
Any of the two

n n % n % n %

56 24 43% 24 43% 29 52%

African Region 6 0 0% 0 0% 0 0%

Eastern Mediterranean 
Region 7 2 29% 2 29% 2 29%

European Region 30 20 67% 16 53% 21 70%

Region of the Americas 3 1 33% 2 67% 2 67%

South-East Asia Region 3 0 0% 1 33% 1 33%

Western Pacific Region 7 1 14% 3 43% 3 43%

High Income 33 24 73% 22 67% 27 82%

Upper Middle Income 11 0 0% 1 9% 1 9%

Lower Middle Income 11 0 0% 1 9% 1 9%

Low Income 1 0 0% 0 0% 0 0%

GLASS-AMU data (2023) for possible CDI treatments



What about the pipeline ?
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AI-generated illustration created with Microsoft Copilot (2026)



Among recent approvals we found three NTAs targeting Clostridioides 

difficile infections; they are the first NTAs ever approved

Non-traditional antibacterial agents that gained market authorization between 1 July 2017 and 15 February 2025 

D



In clinical development we found 11 NTAs and 4 traditional 
(antibiotics) targeting CDIs

38Source: 2025 Antibacterial agents in clinical and preclinical development: an overview and analysis
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l

Traditional Non-

traditiona

l
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Traditional Non-
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l
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7
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Critical Priority 
Pathogens

High & Medium 
Priority (OPP)

Both CPP & OPP C. difficile & H. pylori Drug-resistant M. 
tuberculosis

Activity of antibacterial agents

Antibiotics

Activity of NTAs (40)
• 27 target BPPs (except TB)
• 11 target C. difficile
• 0 target H. Pylori
• 2 target TB

Activity of traditional products (50)

• 27 target BPPs (except TB): 17 

active against at least 1 Gram-neg.

• 4 C. difficile

• 1 H. Pylori 

• 18 (40%) target TB

Non-

traditiona

l

2

D

NTAs



In the clinical pipeline, 4 antibiotics are being developed for the 

treatment of C. difficile

D



In the clinical pipeline, we also identified 11 NTAs for the 

treatment of C. difficile (1)

40

D



Non-traditional antibacterials in clinical development for the 

treatment of C. difficile (2)

41

D



Clostridoides difficile infection and antimicrobial stewardship

Antibiotic exposure is the most 

important risk factor for CDI

17 March 202642



Antibiotics are among the 

most used medicines globally

Globally:  estimated 34.3 billion DDD in 

2023 for a population of 8.1 billion

• = about 4.2 DDD for every person in 

the world per year

In some LMICs children receive up to 

25 antibiotic prescriptions for 

respiratory tract infection or fever during 

their first 5 years of life

• Most of them inappropriate

Klein et al. Proc Natl Acad Sci U S A. 2024 Dec 3;121(49):e2411919121.
Fink et al. Lancet Infect Dis. 2020 Feb;20(2):179-187.



There is large variation in 

overall antibiotic use among 

and within countries

The causes of the variation are 

incompletely understood
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AWARE : Antibiotics are categorized into three 

groups

Reserve

Watch

Access

Often 1st or 2nd choice

for common infectious

syndromes

Higher 

“resistance potential”

Lower

“resistance potential”

“Last-resort” options

against MDRO

Essential Access, Watch 

and Reserve antibiotics 

need to be accessible

and affordable for those 

who need them!

https://www.who.int/publications/i/item/B09489
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Risk of resistance by AWARE category: 
results from a systematic review

Sulis et al. Clin Microbiol Infect. 2022 Mar 23;S1198-743X(22)00153-7.



Antibiotics and CDI risk

17 March 202647

Almost all antibiotics have been associated with increased risk of CDI

Highest risk in meta-analyses usually associated with

- Clindamycin (Access)

- Cephalosporins (mostly Watch)

- Fluoroquinolones (Mostly Watch)

Clostridium difficile infection: risk with broad-spectrum antibiotics (NICE evidence summary 2015)

https://www.nice.org.uk/advice/esmpb1/chapter/full-evidence-summary-medicines-and-prescribing-briefing#evidence-review-2



Total antibiotic use expressed as DDD per 1000 inhabitants per day in 60 CTAs in 2022, 

globally and by WHO Regions and World Bank income group classification 

48

https://worldhealthorg.shinyapps.io/glass-dashboard/_



Total antibiotic use expressed as DDD per 1000 inhabitants per day in 60 CTAs in 2022, 

globally and by WHO Regions and World Bank income group classification 
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https://worldhealthorg.shinyapps.io/glass-dashboard/_



Total antibiotic use expressed as DDD per 1000 inhabitants per day in 60 CTAs in 2022, 

globally and by WHO Regions and World Bank income group classification 

50

https://worldhealthorg.shinyapps.io/glass-dashboard/_
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https://www.who.int/publications/i/item/9789241515481



Most of the antibiotic use globally occurs in the outpatient 

setting 



Antibiotic treatment guidelines are not available 

in many LMICs

31 standardized treatment guidelines from 20 countries identified 

(2001-2018)

35 countries no guidelines 
identified

None developed according to 
GRADE methodology

Important variation in 
antimicrobial selection and 

dosage and duration of 
recommended therapies

None stated that antibiotic 
selection was based on local 

epidemiology of antibiotic 
resistance

Review of official websites for published standardized treatment guidelines in the 55 
African Union countries

Complemented by contact with focal points from African CDC and WHO

Craig et al. Bull World Health Organ. 2022 Jan 1;100(1):50-59.
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WHO AWaRe 

antibiotic book

 

To provide simple guidance on “HOW TO USE” the antibiotics on the EML to 
manage common infections

Guidance for 34 common infections, surgical prophylaxis and use of Reserve 
antibiotics; primary care and facility / hospital setting, in children and adults.

Recommendations on empiric antibiotic treatment 

(i.e., presumptive diagnosis not requiring any laboratory diagnostic)

Includes guidance on making the clinical Diagnosis, the Decision if antibiotic 
needed, the choice of Drug, Dose, Duration

Short summaries of key features of microbiology, epidemiology, clinical 
presentation, diagnostics (in collaboration with EDL) and prevention

Target audience: all health professionals giving antibiotics



17 March 202655

The WHO 

AWARE 

Antibiotic Book



“Ensure, by 2030, that the use of WHO 

Access group antibiotics is expanded from 

the 2023 global target, and in that regard, 

taking into account national contexts, aim to 

achieve at least 70 per cent overall human

antibiotic use globally, through investing in 

and strengthening stewardship programmes”

03/17/202656

Political Declaration of the High-level 

Meeting on Antimicrobial Resistance 

(September 2024)



Improving diagnostics, surveillance, stewardship, and 

treatment access is crucial for CDI

17 March 202657

Major data gaps about burden in LMICs due to underdiagnosis and lack of surveillance

C. difficile not (yet) included in GLASS-AMR; EDL inclusion hopefully will improve lab capacity and 

detection in the long term

C. difficile not included in the BPPL because right now limited to antibiotic-resistant pathogens

WHO EML lists metronidazole (Access) and oral vancomycin (Watch)

• access to oral vancomycin and fidaxomicin (not on the EML) mainly limited to high-income 

countries

Pipeline: 3 newly approved non-traditional agents, plus 11 NTAs and 4 antibiotics in development for 

CDI

Antibiotic exposure is the strongest predictor of CDI; global use remains high and highly variable with 

frequent inappropriate use and overuse of Watch antibiotics

• Strengthening AMS and expanding AWaRe-informed prescribing is essential



Thank you for your 
attention

Special thanks to:
Martina Escher

Valeria Gigante

Hatim Sati

bhuttner@who.int



Paul Feuerstadt

Paul Feuerstadt is a board-certified gastroenterologist and Associate Clinical 

Professor of Medicine at Yale University School of Medicine, USA. 

He specializes in gastrointestinal (GI) disorders with a focus on Clostridioides 

difficile infection, microbiome-based therapeutics, and eosinophilic esophagitis. Paul 

is an internationally recognized speaker, educator, and researcher, with numerous 

peer-reviewed publications and contributions to leading GI textbooks. He serves as 

Managing Partner at PACT-Gastroenterology Center and actively collaborates with 

pharmaceutical and biotech companies to advance patient care.



“Add On Therapies”

Paul Feuerstadt, MD, FACG, AGAF, FRCPE
Associate Clinical Professor of  Medicine

Yale School of  Medicine
PACT-Gastroenterology Center

Hamden, CT
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Treatment: What are we doing?

Ingestion of  C. difficile spores

Bile salts induce

germination
Germination

Glucosylating

toxin

production

Transmission of  spores

Sporulation

TcdBTcdA

Adapted from: Shen J. Innate Immun. 2012;4:149-158.

Antimicrobials
Bezlotoxumab

Boost Immune ResponseAttack the Vegetative Phase



Multimodal Approach to Therapy

Bezlotoxumab





AZD-5148

Mahool et al. J Inf  Dis 2025 epub. Ahead of  print



Multimodal Approach to Therapy

Fecal Microbiota

Transplantation

Bezlotoxumab



GOALS OF TREATMENT FOR C. DIFFICILE 
INFECTION 

Fidaxomicin

Vancomycin

Metronidazole

Vegetative 

phase

Healthy 

Diverse 

Microbiota

Spore Phase



Treatment: What are we doing?

Ingestion of  C. difficile spores

Bile salts induce

germination
Germination

Glucosylating

toxin

production

Transmission of  spores

Sporulation

TcdBTcdA

Adapted from: Shen J. Innate Immun. 2012;4:149-158.

Antimicrobials
Bezlotoxumab

Microbiota 

Restoration 

Therapy

Attack the Bacteria Boost Immune Response



AGA Microbiota Transplant Guideline

Recurrent C. difficile Infection

Is the patient at high risk for recurrence?

Immunocompetent adults

Recommend use 

of  fecal 

microbiota-based 

therapies upon 

completion of  

SOC ABX

Immunocompromised adults

Mild-Moderate

Immunocompromise

Severe

Immunocompromise

Recommend use of  

conventional FMT 

upon completion of  

SOC ABX

Recommend against use 

of  fecal microbiota-based 

therapies upon 

completion of  SOC ABX

Peery et al. Gastroenterology 2024;166:409–434

+ + + +



Resolution of rCDI with FMT/MRT

Tariq et al. Ther Adv Gastro 2023 Vol 16:1-9

All Clinical Trials 

(n=19 trials, 18 studies)

Trials with a Control Arm 

(n=10 trials, 9 studies)

1,176 patients

Efficacy: 78% (95% CI: 71-85%)

523 patients

Efficacy: 72% (95% CI: 60-82%)



Fecal Microbiota Transplant vs. FDA + MRT

FMT FDA + MRT
Donor Screening

Sample Screening

Good 

Manufacturing 

Procedure

Clinical Trial Data

Safety Data

Ease of  access



Identification of a Donor

****
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Fecal Microbiota Transplant vs. FDA + MRT

FMT FDA + MRT
Donor Screening

Sample Screening ?

Good 

Manufacturing 

Procedure

?

Clinical Trial Data

Safety Data /

Ease of  access ?



Fecal Microbiota Live-JSLM 
(RebyotaTM, RBL)

• Single-dose, microbiota-based live biotherapeutic agent 

• Rectally administered 

• 150 mL of  therapeutic material

• 107 microbes per mL or 15 x 108 microbes per treatment

• Broad consortium

• A proprietary manufacturing process preserves diverse 

spore-forming and non–spore-forming bacteria, including 

Bacteroides
Orenstein R et al. Clin Infect Dis. 2016;62:596-602. 

Blount KF et al. Open Forum Infect Dis. 2019;6:ofz095

Ray A, Jones C. Future Microbiol. 2016;11:611-616.



PUNCH-CD3: Phase 3 Trial Design

6 months 

Follow-up

No

6 months 

Follow-up

Option for second 

RBL

Yes

A

Treatment

1 Dose RBL

B

Control

1 Dose Placebo

CDI

Resolved?

Antibiotic washout period (24h-72h)

8 weeks

Standard of  Care Antimicrobial



PUNCH-CD3: Phase 3 
RBL Superior to Placebo

70.6%

57.5%

0%

20%

40%

60%

80%

100%

RBX-2660 Placebo

Bayesian Analysis

Posterior Probability of  Superiority: 0.991

Khanna et al. Drugs. 2022 Oct;82(15):1527-1538



RBL Open Label Study

Feuerstadt et al. Clin Infect Dis. 2025 Feb 5;80(1):43-51



OLS Sub-Group: 
Inflammatory Bowel Disease

Allegretti et al. Infl Bow Dis. 2025 epub



OLS Sub-Group: 
Inflammatory Bowel Disease

Allegretti et al. Infl Bow Dis. 2025 epub



OLS Sub-Group: 
Immunocompromised

Alonso et al. OFID. 2025 epub Mar



• Treatment successa at 

8 weeks occurred in 39/41 

participants (95%)

• Two participants had 

indeterminate outcomes due to 

withdrawing consent prior to the 

8-week follow-up assessment: 

• One due to an unrelated SAE 

(brain neoplasm) 

• One due to scheduling conflicts 

• Neither reported any CDI 

symptoms up to the time 

of withdrawal

0

2

39

0 5 10 15 20 25 30 35 40

Failure

Indeterminate

Success

Number of  participants

Treatment Success at 8 Weeks (N=41)

5%

95%

CDI-Scope Study (Prospective)

CDI, Clostridioides difficile infection; SAE, serious adverse 

event. 
aDefined as the absence of  CDI recurrence through 8 weeks

Data on file. REB064. Ferring Pharmaceuticals Inc. Khanna et al. DDW 2025



Fecal Microbiota Spores, Live-BRPK
(VowstTM, VOS)

• Microbiota-based live biotherapeutic agent administered with 4 

capsules daily over 3 days

• Orally administered 

• 3 x 107 CFU per full treatment

• Narrow consortium

• A proprietary manufacturing process removes most fungi, parasites, 

viruses and non-spore forming bacteria resulting in predominantly 

Firmicutes spores

Korman L et al. Gastroenterology 2021;6:S-368.

Feuerstadt et al. N Engl J Med. 2022 Jan 20;386(3):220-229c



ECOSPOR-III: Phase 3 Trial Design

Primary endpoint

Recurrence at 8 weeks

Safety 

through 24 weeks

Placebo

VOS 

4 Capsules 
once daily for 

3 Days

Recurrences evaluated through 24 weeks

Feuerstadt et al. N Engl J Med. 2022 Jan 20;386(3):220-229

Standard of  Care 

Antimicrobial



ECOSPOR-III: Phase 3 
VOS superior to Placebo

88.0%

60.0%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

SOC ABX + VOS

SOC ABX+ Placebo

p < 0.001N=89

Sustained Clinical Response, 8 weeks 

Feuerstadt et al. N Engl J Med. 2022 Jan 20;386(3):220-229

N=93



ECOSPOR-IV: Open Label Study

Simms et al. JAMA Netw Open. 2023 Feb 1;6(2)
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VE303 (Vedanta Biosciences)

STRAIN #1

Enterocloster bolteae
STRAIN #2

Anaerotruncus colihominis

STRAIN #3

Sellimonas intestinalis

STRAIN #4

Otoolea symbiosa

STRAIN #5 

Blautia celeris

STRAIN #6 

Dorea_A longicatena

STRAIN #7 

Clostridium AQ innocuum

STRAIN #8 

Flavonifractor plautii



CONSORTIUM TRIAL: 

Phase 2 Trial Design VE303 

Safety endpoint

Follow-up for safety

Standard of care 
antimicrobial

VE303 high dose (10 capsules daily x 14 days)

Placebo

Week 0 Week 24Week 8

Primary endpoint

Sustained clinical cure

R VE303 low dose (2 capsules daily x 14 days)

Louie et al. JAMA epub 2023 Apr 15



Consortium Trial: VE303 
Phase 2 Trial

High Dose VE303 vs. Placebo, 8 weeks 

86.2%

54.5%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

VE303 (High Dose) Placebo

Louie et al. JAMA epub 2023 Apr 15



Conclusions

• Recurrence is a major problem for CDI

• Antimicrobials largely treat half  of  the infection

• “Add on” therapies can significantly boost efficacy

• Bezlotoxumab is unfortunately no longer available
• AZD-5148 might be the next generation

• MRT is safe and effective
• Openbiome is no longer available

• RBL and VOS are safe and effective

• Keep your eyes out for VE303



Kerrie Davies
Kerrie Davies is a Consultant Clinical Scientist and Head of the HCAI research Group Laboratory. She is 

currently Co-lead for the Early Diagnosis and Personalised Care theme of the HealthTech Research Centre as 

well as Deputy theme lead of the Infection and AMR theme of the NIHR Leeds Biomedical Research Centre 

(BRC) at Leeds Teaching Hospitals NHS Trust. Kerrie is also Honorary Associate Professor of diagnostics for 

infectious disease at University of Leeds; Co-chair Empower Leeds Women, and Chair for the European 

Society of Clinical Microbiology and Infectious Disease study group committee for C. Difficile. 

Kerrie has been researching in vitro diagnostics for over 20 years and defined the optimal C. difficile testing 

algorithm which was adopted in the UK and recommended in European, American, and Australasian testing 

guidelines. She has a passion for the impact of research on patients and healthcare, and in particular, 

supporting healthcare scientists in research careers. She was awarded CSO Healthcare Scientist of the year in 

2021 for her work on COVID-19 diagnostics and an MBE for services to Healthcare Science in 2025.
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Diagnosis…it’s complicated

Bug

• Grow the organism (culture)
• Cell surface protein (GDH)

Its Toxins

• Toxin activity
• Toxin protein

Its DNA

• Toxin genes (NAAT)

More sensitive
C. difficile carriage

More specific
Lack of sensitivity

More sensitive
C. difficile carriage

Information courtesy of Dr Kerrie Davies



Not all toxin EIA tests are the same

Test  Sensitivity % Out of 100 patients how many are missed?

1 93 7

2 93 7

3 79 21

4 69 31

5 92 8

6 93 7

7 80 20

8 86 14

9 80 20

Eastwood et al J Clin Microbiol. 2009 Oct;47(10):3211-7



What about reference assays?



There are two reference methods

Fang et al 2017  Journal of Clinical Microbiology 55(3): 670-680.
Planche and Wilcox 2015 Infectious Disease Clinics of North America 29(1): 63-82

Cytotoxigenic culture

• Detects the presence of the bug (by culture) 
with the ability to produce toxin

• Good to assess performance of GDH/NAAT 
assays

Cell cytotoxicity neutralisation assay (CCNA)

• Detects the presence of toxin in the sample
• Good to assess performance of toxin 

detection assays



1 vs 2 Odds ratio 1.73 (1.-7-2.79) P = 0.026
1 vs 3 OR 2.15 (1.66-2.79) P <0.001
2 vs 3 OR 1.25 (0.82-1.91) P = 0.306

Which reference assay is more clinically reflective?

Outcome

Stool status Survived Died Total number of 

inpatients

% of inpatients that 

died (95% CI)

1-Cytotoxin positive 392 78 470 16.6

(13.3-20.3)

2-Cytotoxin 

negative/cytotoxigenic 

culture positive
217 25 242 10.3

(6.8-14.9)

3-Both reference tests 

negative
5,836 539 6,375 8.5

(7.8-9.2)

Total 6,445 642 7,087 9.1

(8.4-9.8)

Planche T, et al. Lancet Infectious Diseases 2013; 13: 936-945. 



So what is the optimal diagnostic 
method?



So what is the optimal method?

• Large multicentre study compared single tests and algorithms with 
both reference methods

• Most sensitive algorithm = GDH/NAAT 

• Most specific algorithm = Toxin EIA/NAAT 

• Outcome analyses showed that a positive cytotoxin test correlates 
significantly with mortality (severity of disease)

• But, there is a third way…the Optimal method

Planche T, et al. Lancet Infectious Diseases 2013; 13: 936-945. 

Bug

Toxin

EIA: enzyme immunoassay, GDH: glutamate dehydrogenase, 
NAAT: nucleic acid amplification test, PCR: polymerase chain reaction 



The optimal method

• GDH/Toxin EIA
▫ Very similar performance to the algorithm optimised for specificity but 

detects clinically important toxin

▫ High sensitivity of GDH as first line indicates possible presence of C. 
difficile 
 GDH +/Toxin EIA +ve = CDI likely present

 GDH +/Toxin EIA –ve = C. difficile present 

 GDH –ve            = No CDI or C. difficile present
(Potential C. diff excretor)

Planche T, et al. Lancet Infectious Diseases 2013; 13: 936-945. 

EIA: enzyme immunoassay, GDH: glutamate dehydrogenase, 
NAAT: nucleic acid amplification test, PCR: polymerase chain reaction 



Diagnostic guidelines

• European Society of Clinical Microbiology and Infectious Diseases (ESCMID): 
▫ Detection of organism (GDH or NAAT), with reflex testing for C. difficile toxins

• IDSA/SHEA (USA): 
▫ Detection of organism (GDH or NAAT), with reflex testing for C. difficile toxins

▫ Standalone NAAT with appropriate diagnostic stewardship

• ASID (Australasian)
▫ Laboratories should use a screening test that is of adequate sensitivity (>90%) 

and adopt a testing algorithm that ensures specificity of the final result

Crobach MJ, et al. Clinical Microbiology Infection  2016; 12: 1053-66. 
McDonald et al, Clinical Infectious Disease.2018  66(7) 987-994. 
Trubiano et al, Intern Med J. 2016 Apr;46(4):479-93.



What about standalone NAAT 
tests?



NAAT standalone tests

Advantages Disadvantages

• Rapid

• Simple

• Detects only toxigenic strains

• Does not only detect ‘true’ CDI (no free toxin)

• NAAT+ve/Tox+ve significantly  associated with; 

▫ higher bacterial load, greater Abx exposure, 
inflammation of the gut, presence of 
diarrhoea (all p<0.001) and longer duration 
of diarrhoea (p= 0.03), compared with 
NAAT+ve/Tox-ve patients 

• CDI attributable mortality significantly higher 
in NAAT+ve/Tox+ve vs NAAT+ve/Tox-ve (8.4% 
vs 0.6% p = 0.001)

Polage et al :JAMA internal medicine 2015 175(11):1792-1801, 
Truong et al. Diagnostic Microbiology and Infectious Disease 2017

, 
NAAT: nucleic acid amplification test
Abx: antibiotic

Rates of asymptomatic carriage in hospitalised patients can 
vary from ~4.4-21%

Dependant on method of detection

NAAT cannot distinguish between colonisation/carriage and 
disease (CDI)

Overdiagnosis

Rates will be higher if you use NAAT testing



Possible added value from diagnostic tests

• Appears to be a correlation between 
burden of disease and severity

• NAAT tests can provide some information 
on bioload within the sample (CT value)
▫ Correlates with toxin positivity, severity, 

length of stay and mortality

▫ May guide treatment options
 Bezlotoxumab

Davies et al. PLoS One. 2018 Dec 5;13(12)
Reigadas et al Journal of Antimicrobial Chemotherapy 2016 71(5): 1380-1385



What about who and when you 
test?



There are more cases of CDI than are reported

Reported Measured

<1

1-4

4-8

8-12

12-16

16-20

>20



Underdiagnosis of cases

This study estimated the under-ascertainment of CDI in 
hospitals across Europe to be 

23%



There are more missed cases in the community

119

• Testing ALL samples submitted enabled 
detection of missed cases

• There were a higher proportion of 
undiagnosed cases in the community than 
in the hospital
▫ 55% community cases missed

▫ 16% hospital cases missed

• Lack of clinical suspicion led to lack of 
testing

Viprey et al Eurosurveillance 2022 Jun;27(26):2100704.

3x more undiagnosed community CDI cases 
compared to hospital

 (~111000 vs. 37000 cases/year in Europe)



120

• This suggests that lack of suspicion and testing leads to
• Under-diagnosis 
• Outbreaks of infection
• Suggests possible spread from hospitals to community or vice versa

Increased awareness reduces outbreaks

Viprey et al Eurosurveillance 2022 Jun;27(26):2100704.



Adverse outcomes for missed cases of CDI -EUCLID

• 80% of missed cases had no documented reason for failure to test for CDI 

• Missed CDI cases were: 
▫ Younger 
▫ Associated with significantly increased length of diarrhoea 
▫ They were not less sick

 All cause mortality and white cell counts were similar in both groups, although ‘missed’ 
cases had a higher temperature 

• There is potential for adverse outcomes if CDI diagnoses are missed 
▫ For the patient
▫ For onward transmission

Mini-oral eposter Davies et al ECCMID 2016



• Of hospital missed cases
▫ Two were re-admitted to hospital twice (after initial non-treatment for CDI); one 

died within 4 months; the other received a diagnosis of CDI after 40 days

• Of community missed cases 
▫ Most were under 65 years old (88%)

▫ Two thirds of those reported a history of potential risk factors for CDI;

 antibiotic use, previous CDI or contact with a healthcare facility

▫ None of these cases were treated for CDI

▫ One obtained a delayed CDI diagnosis (25 days after the original sample) and 
required three hospital admissions 

122

Adverse outcomes for missed cases of CDI-COMBACTE-CDI

Viprey et al Eurosurveillance 2022 Jun;27(26):2100704.



Who should we test?  - Diagnostic stewardship

• Symptomatic
▫ Diarrhoea

▫ Faecal sample takes the 
shape of the container

• Not on laxatives 

• Age
▫ Missed patients are younger 

• Hospital contact
▫ Some community cases do not 

have healthcare contact

Should consider: Should not exclude by:

Ultimately this impacts patients lives, so let’s get this right!



The future



Novel technologies

• Ultrasensitive C. difficile toxin detection 
assays

▫ Potential to detect lower levels of toxin

▫ Potential to differentiate CDI cases and 
carriage

• Unfortunately, none currently on the 
market

Pollock N.  Journal of Clinical Microbiology 2016 54(2): 259-264
Banz et al Journal of Clinical Microbiology 2018 56(8) pii: e00452-18
Pollock et al. Clinical Infectious Disease 2019 68(1): 78-86
Viprey et al Eurosurveillance 2022 Jun;27(26):2100704

Receiver operating characteristic (ROC) curves obtained for 
SIMOA toxin A (A) and toxin B (B) assays. The ROC curves of 
SIMOA toxin A and toxin B assays are created by plotting the 
true-positive rate against the false-positive rate at various 
threshold settings, using the concentration obtained for each 
pretreated sample and the CDI status of the patient (n = 
240).



Additional laboratory assays
• Gut inflammatory markers

▫ Lactoferrin

▫ Calprotectin

• Higher levels of both in patients 
with CDI vs controls

• May be a marker of severity of 
CDI

• Adding lactoferrin to GDH 
pos/Toxin neg EIA results 
increased sensitivity

• Useful added value for clinicians 
when uncertain about validity of 
EIA result

• Reduces overall specificity if used 
on ALL samples Barbut et al European Journal of Clinical Microbiology and 

Infectious Disease 2017 36(12): 2432-2430
Kim et al Annals of Laboratory Medicine 2017 37(1): 53-57
Davies. Poster at ESCMID Global 2023

Lactoferrin results for different categories 
of CCNA 

CCNA result

Weak positive
Strong posititve

Negative
All positives
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Think C diff!



Thank you
Any questions?



Mark Wilcox

Mark Wilcox is Professor of Medical Microbiology at the University of Leeds, UK and a 

Consultant Microbiologist. He is also Head of Microbiology Research & Development at 

Leeds Teaching Hospitals NHS Trust (LTHT) and Expert on C. difficile infection for UK 

Health Security Agency and National Clinical Director of Antimicrobial Resistance 

Diagnostics & Infection Prevention and Control for NHS England. 

Mark has formerly been the Director of Infection Prevention and an Infection Control 

Doctor, Clinical Director of Pathology and Head of Microbiology at LTHT. He leads a 

Healthcare-Associated Infection Research Group at the University of Leeds. In 2024, he 

was awarded an OBE in the King’s New Year’s Honours for services to healthcare, and 

especially Infection Prevention & Control.



C. difficile infection prevention & therapy

Current developments

Professor Mark Wilcox

University of Leeds & Leeds Teaching Hospitals, UK
NHS England (National Clinical Director for IPC & AMR)

UK Health Security Agency (Expert on C. difficile)



CDI therapeutic pipeline

Phase 2
• Ibezapolstat (Efficacy, safety, pharmacokinetics, and associated microbiome 

changes of ibezapolstat compared with vancomycin in adults with Clostridioides difficile 
infection: a phase 2b, randomised, double-blind, active-controlled, multicentre study - 

PubMed)  16 + 14

• CRS3123 (Safety and efficacy of CRS3123 in adults with a primary episode or first 

recurrence of Clostridioides difficile infection: a phase 2, randomised, double-blind, 

multicentre, vancomycin-controlled study - The Lancet Infectious Diseases)  29 + 14

• LMN-201

• AZD 5148

• REC-3964

• EXL01

• NCTD-M3

• ORAL-LYO-FMT

Phase 3

• Ridinilazole appears to have been 
discontinued

• VE303
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VE303 (Vedanta)

https://clinicaltrials.gov/study/NCT06237452?cond=Difficile&intr=VE303&rank=2 

https://clinicaltrials.gov/study/NCT06237452?cond=Difficile&intr=VE303&rank=2


LMN-201 (Lumen Bioscience)

• LMN-201 consists of orally delivered whole, dried, non-viable biomass of spirulina (Arthrospira 
platensis) grown from 4 separate strains, each of which has been engineered to express one of 
the following therapeutic proteins:

• 3 toxin-binding proteins that bind and inhibit C. difficile toxin B

• 1 lysozyme-like enzyme that selectively degrades the C. difficile cell wall ( - rapid destruction)

• NCT05330182 is a phase 2, randomized, double-blind, placebo-controlled study of LMN-201 for 
prevention of CDI recurrence

• Started Aug 2024 ??? - estimated completion Dec 2027; aiming to enrol 375 subjects

• 21 patients completed 7 days of LMN-201 plus standard of care (SoC) antibiotics (metronidazole, 
vancomycin, or fidaxomicin). All patients (21/21; 95% confidence interval (CI) 85%-100%) 
achieved initial clinical resolution, significantly outperforming (p<<0.001) the 80% initial clinical 
cure rate (625/781; 95% CI 77-83%) observed in the active arm of the large MODIFYI and II 
studies.

https://clinicaltrials.gov/study/NCT05330182?cond=Difficile&intr=LMN-201&rank=1 

https://clinicaltrials.gov/study/NCT05330182?cond=Difficile&intr=LMN-201&rank=1
https://clinicaltrials.gov/study/NCT05330182?cond=Difficile&intr=LMN-201&rank=1
https://clinicaltrials.gov/study/NCT05330182?cond=Difficile&intr=LMN-201&rank=1


Toxin B neutralistion – bezlotoxumab vs AZD 5148

https://clinicaltrials.gov/study/NCT07285213?intr=AZD5148&rank=3 

https://clinicaltrials.gov/study/NCT07285213?intr=AZD5148&rank=3


REC-3964 (Recursion)

• REC-3964 is an oral, novel, diazepinedione-class chemical entity identified from 
Recursion’s high-content phenotypic imaging platform. REC-3964 inhibits toxins 
associated with CDI

https://clinicaltrials.gov/study/NCT06536465?cond=Difficile&intr=REC-3964&rank=1 

https://clinicaltrials.gov/study/NCT06536465?cond=Difficile&intr=REC-3964&rank=1
https://clinicaltrials.gov/study/NCT06536465?cond=Difficile&intr=REC-3964&rank=1
https://clinicaltrials.gov/study/NCT06536465?cond=Difficile&intr=REC-3964&rank=1


EXL01

• Faecalibacterium prausnitzii constitutes a specific therapeutic target; it is a 
commensal bacterium of the human gut, making up nearly 5% of the fecal 
microbiota - associated with an individual's state of health

• Evaluation of EXL01, a new live biotherapeutic to prevent recurrence of CDI in 
high-risk patients (LIVEDIFF).  Phase I/II trial to assess the efficacy and safety of 
oral administration of EXL01, a single isolated unmodified strain of F. prausnitzii, 
in preventing CDI recurrence in high-risk patients (Sponsor = Hospices Civils de Lyon)

• The study will be conducted in 2 parts.  The phase I (Part A) is planned to include 
6 patients.  The phase II (Part B) will include 50 patients in two arms (25 patients 
each arm)

• Up to 9 sites in France; target 56 subjects; estimated trial end - 2027

https://clinicaltrials.gov/study/NCT06306014?cond=Difficile&intr=EXL01&rank=1  

https://clinicaltrials.gov/study/NCT06306014?cond=Difficile&intr=EXL01&rank=1


NCTD-M3

• NTCD-M3 has also been awarded Fast Track status by the FDA. 
Destiny Pharma acquired global rights to the NTCD-M3 program in 
November 2020

• Exclusive collaboration and co-development agreement for NTCD-M3 
with Sebela Pharmaceuticals® worth up to $570m plus royalties

• Destiny Pharma became insolvent in 2024

• AMR-Bio



Drekonja DM et al. Clin Infect Dis 2024:ciae467. doi: 10.1093/cid/ciae467.



ORAL-LYO-FMT



Other contenders (?) and failures

• ridinilazole, surotomycin, cadazolid, tolevamer, ramoplanin, LFF571, SynsorbCD, 
SYN-004 (ribaxamase)

 All failed

• MBK-01

• ART24 / ADSO24

• RBX7455, a Non-frozen, Orally Administered Investigational Live Biotherapeutic, Is Safe, 
Effective, and Shifts Patients' Microbiomes in a Phase 1 Study for Recurrent Clostridioides 
difficile Infections

• MET-2 appears to be safe, efficacious, and well tolerated among patients with recurrent C 
difficile infection. Results must be validated in controlled studies



CDI therapeutic pipeline

Phase 2

• Ibezapolstat (Efficacy, safety, pharmacokinetics, and associated 

microbiome changes of ibezapolstat compared with vancomycin in adults with 
Clostridioides difficile infection: a phase 2b, randomised, double-blind, active-controlled, 

multicentre study - PubMed)  16 + 14

• CRS3123 (Safety and efficacy of CRS3123 in adults with a primary episode or 

first recurrence of Clostridioides difficile infection: a phase 2, randomised, double-blind, 

multicentre, vancomycin-controlled study - The Lancet Infectious Diseases)  29 + 14

• LMN-201
• AZD 5148
• REC-3964
• EXL01
• NCTD-M3
• ORAL-LYO-FMT

Phase 3

• Ridinilazole appears to have been 
discontinued

• VE303

  $$$$$$ needed
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If your question is 

addressed to a specific 

speaker, please include 

their name when 

submitting the question.

How to submit your questions

Please submit your 

questions through the box 

provided after clicking the 

‘questions’ button. We will 

review all questions and 

respond to as many as 

possible after the 

presentation.
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Natural Product-inspired antibiotics: 

Successes and future prospects

• With Mark Butler & Christine Beemelmanns

• 28 April 2026, 09:30-11:00 CEST

revive.gardp.org/webinars

Upcoming webinars

Journal Club: Key findings from recent 

publications in antimicrobial R&D
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