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CDI Epidemiology

• Commonly occurs in patients in hospitals

or nursing homes

• C. diff spores survive cold, hot, or dry surfaces –

killed by bleach

• Per death certificates, 14,000 people / year died 

from C. diff in the U.S.

• Some in CDC estimate that the true number 

may be the double.



*based on the latest data by

Lessa et al., N Engl J Med 2015



CDI Treatment

• Antibiotics

• 20% of patients  relapse

• Repeated antibiotics



Host factors for recurrent CDI

• Age ≥ 65 years 

• Immunosuppression

– recipients of organ transplants (3-11%), chemotherapy, 

corticosteroids, HIV, IBD, ESRD, ESLD

• PPI use ≥ 3-fold

• Hospitalization, long-term care facilities

– After 1 week 13%, after 4 weeks > 50% colonization rate

• Previous recurrent CDI
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The burden of CDI recurrence

 Most patients with an initial episode of CDI will respond to

treatment with either oral metronidazole or vancomycin (87 and 97%, 

respectively).

 However, many patients will experience a recurrence of diarrhoea

within days to weeks of stopping treatment for the first attack (15-25%

of cases).

 Of these, 40-45% of patients will

experience a second recurrence

after the treatment.

 After 2 or 3 recurrences, 60-65% of 

patients will have multiple recurrences.



Relapse or re-infection ?

 Current guidelines argue that it is impossible in daily

practice to distinguish between relapse and re-infection, and 

“recurrence” is therefore used as a generic term for both.

 Infection occurring after symptom resolution within 8 

weeks of a previous infection is more likely to be a relapse, 

whereas infection occurring >8 weeks is more likely to result

from re-infection.



Age- and sex-standardized incidence rates per 1000 person-years for CDI (top) and mrCDI (bottom) were computed using direct standardization, with the 
2007 OptumInsight population used as the reference. CDI = Clostridium difficile infection; mrCDI = multiply recurrent Clostridium difficile infection.

Increasing Incidence of Multiply Recurrent Clostridium d ifficile Infection in the United
States – A Cohort Study
GK Ma, et al. Ann Intern Med 2017

From 2001 to 2012, the annual 
incidence of CDI and mrCDI per 
1000 person-years increased by 
42.7% (from 0.4408
to 0.6289 case) and 188.8% (from 
0.0107 to 0.0309 case), respectively.

The increase in mrCDI incidence 
was independent of known risk 
factors for CDI.

Conclusion:
Relative to CDI, mrCDI incidence
has disproportionately increased,
indicating a rising demand for 
mrCDI therapies



Why Do We Get Recurrent CDI ?

• Virulence of infection

• Impaired host-response

• Altered intestinal microbiome

“Dysbiosis”



Dysbiosis

• Dysbiosis is a general term to characterize 

an intestinal (predominantly colonic) 

microbiome that is altered from its normal 

state, generally a decreased diversity and 

abundance of bacteria. 



Dysbiosis

• Adults, even when colonized, tend not to have 

overt CDI develop without dysbiosis developing 

first. 

• With a disruption of the intestinal microbiota, 

most commonly by antibiotics, C. difficile can 

take advantage of the dysbiotic state and cause 

infection. 





Fecal microbiota transplantationFecal microbiota transplantation

• What is it?

• Administration of fecal material containing distal gut microbiota

from a healthy person to a patient with a disease or condition 

related to dysbiosis

• Why do it?

• Restore phylogenetic diversity and therefore microbiome

physiological functions

• Replace and or inhibit pathogenic species 

1. Van Nood et al. Duodenal Infusion of Donor Feces for Recurrent Clostridium difficile NEJM 368;5

2. Kelly et al.  Update on Fecal Microbiota Transplantation 2015: Indications, Methodologies, Mechanisms and 

Outlook.  Gastroenterology 2015; 149: 223-237



Fecal microbiota transplantationFecal microbiota transplantation

• Does it work?

• For recurrent C. difficile infections the efficacy of FMT 

is now undisputed, with cure rates of 85-90% in case 

series

• One randomised trial:  efficacy was 81% for a first 

infusion and 93,8% with a second infusion vs 30% for 

vancomycin

1. Van Nood et al. Duodenal Infusion of Donor Feces for Recurrent Clostridium difficile NEJM 368;5

2. Kelly et al.  Update on Fecal Microbiota Transplantation 2015: Indications, Methodologies, Mechanisms and 

Outlook.  Gastroenterology 2015; 149: 223-237
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1958 2013 2014                                   2015 2016                2017

1958: First 

reported 

application of 

FMT for 

pseudomembr

anous 

colitis1

2013: FMT included in 

American guidelines for 

the management of 

rCDI3

2014: Feasibility study 

on oral, capsulized, 

frozen FMT for 

relapsing C. difficile

infection6

2015: RCT. FMT 

via colonoscopy 

vs pulsed 

vancomycin7

2014: FMT recommended by 

the European Society of Clinical 

Microbiology and Infectious 

Diseases for the treatment of 

rCDI5

2013: A systematic 

review and meta-

analysis on FMT for CDI 

showed that it achieved 

clinical resolution in 

245 out of 273 (89%) 

reported patients2

2013: RCT. Efficacy of FMT 

via nasoduodenal tube in 

treating rCDI when 

compared with standard 

antibiotic therapy4

2016: RCT: Frozen vs 

fresh FMT and clinical 

resolution of diarrhea

in patients

with rCDI.8

History of FMT for CDI

2017: RCT. Oral

capsule– vs 

colonoscopy-

delivered FMT on 

rCDI.9



• The FMT from a healthy donor into a recipient is comparable to 

classic organ transplantation; the idea that there is a human organ 

made up of microbes is novel, but well supported by modern 

science

• FMT is simpler to perform than other organ transplantations—

there is no need for immunological matching of the donor and 

recipient, or for immunosuppression after the procedure



• Study stopped after interim analysis

• No significant differences in AEs between groups, except for mild 

diarrhoea and abdominal cramping in the infusion group

Duodenal FMT vs vancomycin plus lavage

p<0.001
p<0.001
p=0.008
p=0.003

van Nood E, et al. N Engl J Med 2013;368:407–15.



Agrawal M et al. J Clin Gastroenterol 2015

The Long-term Efficacy and Safety of Fecal Microbiota
Transplant for Recurrent, Severe, and Complicated
Clostridium difficile Infection in 146 Elderly Individuals.

• A multicenter, long-term follow-up study was performed with 
demographic, pre-FMT, and post-FMT data collected from 
elderly patients with RCDI, SCDI, and CCDI, through a 47-
item questionnaire.

• 146 patients

• FMT was performed for RCDI in 89 (61%), SCDI in 45 
(30.8%), and CCDI in 12 (8.2%) patients. 

• The primary and secondary cure rates were 82.9% and 
95.9%, respectively. 

• Early and late recurrences occurred in 25 and 6 patients, 
respectively. 



• Prospective, multicenter open-label study of RBX2660 
a commercially prepared FMT drug manufactured 
using standardized processes and available in a ready-
to-use format administered via enema. 

• The primary objective was product-related AEs. A 
secondary objective was CDI-associated diarrhea 
resolution at 8 weeks.

• Among patients with recurrent or severe CDI, 
administration of RBX2660 via enema appears to be 
safe and effective.



FMT for recurrent CDI: systematic reviews and metanalyses

Quraishi  et al – AP&T 2017

• 37 studies (7 RCTs, 30 case series) 

• FMT more effective than vancomycin (RR: 0.23 

95%CI 0.07- 0.80) in curing rCDI

• Overall clinical resolution 92% (95%CI 89%-94%)

• Significant difference between lower GI (95%; 

95%CI 92%-97%) and upper GI delivery (88%; 95%CI 

82%-94%), P=0.02

• No difference between fresh and frozen FMT 

(P=0.84) 



Which are the FMT technical tips?



FMT “how To”FMT “how To”

1. Donor Selection

1. Donor Screening

1. Stool collection and preparation

1. Patient preparation and stool administration



Donor selection and screeningDonor selection and screening

• Unrelated volunteer vs family, partner or friend

• Chosen donor must be healthy and devoid of any microbiota

associated (IBS, Obesity, constipation, GI malignancy) or 

potentially transmittable illness

• Donor must not have taken antibiotics recently

• Only 30% of candidates were acceptable when screened at 

one facility (2)

1. Kelly et al.  Update on Fecal Microbiota Transplantation 2015: Indications, Methodologies, Mechanisms and 

Outlook.  Gastroenterology 2015; 149: 223-237

2. Costello et al.  Establishing a fecal microbiota transplant service for the treatment of Clostridium difficile

Infection.  CID 2016: 62 April 1



Donor selection and screeningDonor selection and screening

1. Costello et al.  Establishing a fecal microbiota transplant service for the treatment of Clostridium difficile

Infection.  CID 2016: 62 April 1



Stool collection and preparationStool collection and preparation

1. Costello et al.  Establishing a fecal microbiota transplant service for the treatment of Clostridium difficile

Infection.  CID 2016: 62 April 1

Fresh stool in 

ziplock container

Blended with 

400ml saline in 

new magic bullet

Filter out larger 

particles

Place into  barium 

enema kit



Patient preparation and route of 

administration

Patient preparation and route of 

administration

• Stop antibiotics 24h-72h before

• Colonoscopy preparation the night before

• Main routes
• Retention enema

• Patient is laying down in slight tredelenburg position

• Turns over during the procedure

• Usually waits 30 minutes after complete infusion

• Colonoscopy

• Naso-duodenal infusion

• Oral pills of encapsulated fecal material



Stollman N et al. Am J Gastroenter 2015 



European Society of Clinical Microbiology and Infec tious Diseases 
(ESCMID): update of the treatment guidance document  for Clostridium 
difficile infection (CDI)

Debast SB et al. Clin Microb Infect 2013





Bagdasarian N et al. JAMA 2015; 313: 398-408



European Consensus Conference on Faecal Microbiota 

Transplantation in Clinical  Practice*
G. Cammarota, G. Ianiro, H. Tilg, M. Rajilić-Stojanović, P. Kump, R. Satokari, H. Sokol, P. Arkkila, C. Pintus, A. Hart, J. Segal, M. Aloi, L. 

Masucci, A. Molinaro, F. Scaldaferri, G.  Gasbarrini, A. Lopez-Sanroman, A. Link, P. de Groot, W.M. de Vos, C. Högenauer, P. 

Malfertheiner, E. Mattila, T. Milosavljević, M. Nieuwdorp, M. Sanguinetti, M. Simren, A. Gasbarrini; The European FMT Working 

Group

Excerpt: 

INDICATIONS

Key issue: Clostridium difficile infection 

FMT for recurrent Clostridium difficile infection

Statement: FMT is recommended as a highly effective and safe treatment 

option for both mild and severe rCDI. Its implementation in clinical practice is 

recommended.

Quality of evidence:  high

Strength of recommendation: strong
Gut 2017



Excerpt: 

INDICATIONS

Key issue: Clostridium difficile infection 

FMT for refractory Clostridium difficile infection

Statement: FMT can be considered as a treatment option for refractory CDI

Quality of evidence: low

Strength of recommendation: strong

Gut 2017



Excerpt: 

INDICATIONS

Key issue: Clostridium difficile infection 

FMT for the first episode of CDI

Statement: There is insufficient evidence to recommend FMT as a treatment 

for the first episode of CDI. Additional studies are needed to determine if FMT 

could have an advantage over antibiotics for this indication.

Quality of evidence: low

Strength of recommendation: weak

Gut 2017





Safety of FMTSafety of FMT

• Multiple theoretical risks 

associated with FMT

• Transmission of infection

• Transmission of microbiota

associated disease

• Complications during the 

procedure

• Health Canada now requires 

registration

• FMT is generally very well 

tolerated

NEJM RANDOMISED TRIAL

1.Van Nood et al. Duodenal Infusion of Donor Feces for Recurrent Clostridium difficile NEJM 368;5



Adverse events in faecal microbiota transplant: a review of the 

litterature
Baxter et al. Journal of hospital infection 92 (2016) 117-127

Adverse events in faecal microbiota transplant: a review of the 

litterature
Baxter et al. Journal of hospital infection 92 (2016) 117-127

• Compiled n= 1555 patients

• 1190 treated for CDI, 186 for UC, 67 for CD

• Serious complications CDI: 

• 2 deaths related to aspiration pneumonia

• 2 perforations during colonoscopy

• 1 related bacteremia (24h after)

• Exacerbated IBD in 6 cases



Adverse events in faecal microbiota transplant: a review of the 

litterature
Baxter et al. Journal of hospital infection 92 (2016) 117-127

Adverse events in faecal microbiota transplant: a review of the 

litterature
Baxter et al. Journal of hospital infection 92 (2016) 117-127





Challenges to incorporating FMT into clinical practice

• First, methods of fecal bacterial community 

processing vary, as do methods of FMT 

administration. 

• Second, the optimal dosing strategy and expected 

benefit of FMT for refractory CDI, particularly for 

severe and severe complicated cases, are uncertain. 

• Third, the US Food and Drug Administration (FDA) 

considers FMT an investigational treatment. 

• Fourth, insurance reimbursement for FMT usually 

falls short of FMT administration costs. 
CHEST 2018; 153(1):266-277



Excerpt: 

BASIC REQUIREMENTS FOR IMPLEMENTING A FMT CENTRE

FMT centre Statement  QoE SoR

Clinical requirements and 

facilities Implementation of referral centres in proficient hospitals is 

encouraged

FMT staff should be trained

FMT staff should be multidisciplinary

Availability of general facilities

Clinical governance is mandatory

Moderate 

Low 

Low 

Low 

Low 

Strong

Strong 

Strong 

Strong

Strong 

Microbiological 

requirements and facilities Safe processing of human samples is mandatory

Documentation stored for at least ten years

Low 

Low 

Strong

Strong  

Regulatory requirements Implementation of registers to collect data is recommended.

If any, specific national rules should be followed

Low 

Low 

Strong 

Strong 

Gut 2017



Excerpt: 

CLINICAL MANAGEMENT AND FAECAL DELIVERY

Faecal delivery and follow-up Statement  QoE SoR

Recipient preparation:

⋅ Antibiotics 

⋅ Bowel lavage

A 3-day antibiotic pre-treatment course is suggested for recurrent CDI 

before FMT. Stop antibiotics 12 to 48 hours before stool infusion 

Bowel cleaning before FMT should be performed

Moderate 

Low  

Strong

Strong

Route of faecal delivery:

⋅ Colonoscopy

⋅ Enema(s)

⋅ Upper GI tract

Apply stool in right colon in CDI patients; if not possible or in severe 

colitis, apply stools in left colon.

Apply one or more enemas in usual manner. 

Via endoscope, NGT, NJT, or gastrostomy. Keep patients in upright 

position after infusion.

High 

Low 

High

Strong

Strong  

Strong 

Safety considerations In critically ill patients consider infusion by enema Low Strong 

Repeated faecal infusion Faecal infusion can be repeated after treatment failure High Strong

Gut 2017



Summary of FMT 

• FMT is a simple, acceptable and currently the 

most efficacious treatment for recurrent CDI---

may play a role in the treatment of variety of GI 

and non-GI diseases

• FMT via the upper tract seems to be less 

efficacious than via the lower tract

• Long-term safety remains unknown

• The Future… “Artificial stool” or targeted 

bacteriotherapy



FMT INDICATIONS in 2018 - SUMMARY

C. difficile 

infection

Research setting Clinical practice

Autism

IBS

GVHD

MDR pathogens

FMT
FMT

Ulcerative colitis

MetS

Hepatic encefalopathy
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