
HAL Id: hal-04735925
https://hal.science/hal-04735925v1

Submitted on 15 Oct 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - NoDerivatives 4.0
International License

Impact of Clinical and Pharmacological Parameters on
Faecal Microbiota Transplantation Outcome in

Clostridioides difficile Infections: Results of a 5-Year
French National Survey

Nicolas Benech, Nadim Cassir, Laurent Alric, Frédéric Barbut, Rui Batista,
Alexandre Bleibtreu, Thomas Briot, Benjamin Davido, Tatiana Galperine,

Anne-christine Joly, et al.

To cite this version:
Nicolas Benech, Nadim Cassir, Laurent Alric, Frédéric Barbut, Rui Batista, et al.. Impact of Clini-
cal and Pharmacological Parameters on Faecal Microbiota Transplantation Outcome in Clostridioides
difficile Infections: Results of a 5-Year French National Survey. Alimentary Pharmacology & Thera-
peutics (Suppl), 2024, Online ahead of print. �10.1111/apt.18330�. �hal-04735925�

https://hal.science/hal-04735925v1
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr


Alimentary Pharmacology & Therapeutics, 2024; 0:1–9
https://doi.org/10.1111/apt.18330

1 of 9

Alimentary Pharmacology & Therapeutics

ORIGINAL ARTICLE OPEN ACCESS

Impact of Clinical and Pharmacological Parameters 
on Faecal Microbiota Transplantation Outcome in 
Clostridioides difficile Infections: Results of a 5-Year French 
National Survey
Nicolas Benech1,2,3,4,5,6   |  Nadim Cassir1,7,8  |  Laurent Alric1,9  |  Frédéric Barbut1,6,10,11  |  
Rui Batista1,12  |  Alexandre Bleibtreu1,13,14,15  |  Thomas Briot1,16  |  Benjamin Davido1,17  |  Tatiana Galperine1,18  |   
Anne-Christine Joly1,15,19,20  |  Nathalie Kapel1,21,22  |  Chloé Melchior1,23   |  Alexis Mosca1,24  |  Biba Nebbad1,25  |  
Bénédicte Pigneur1,26,27   |  Stéphane M. Schneider1,28  |  Mathieu Wasiak1,29  |  Julien Scanzi1,30,31  |  Harry Sokol1,15,20,32,33   |  
on behalf of the French Faecal Transplant Group (GFTF)

Correspondence: Harry Sokol (harry.sokol@aphp.fr)

Received: 24 April 2024  |  Revised: 13 May 2024  |  Accepted: 25 September 2024

Funding: The authors received no specific funding for this work.

Keywords: Clostridioides difficile infection | faecal microbiota transplantation | frozen preparation | glycerol

ABSTRACT
Background: Detailed comparative assessment of procedure-related factors associated with faecal microbiota transplantation 
(FMT) efficacy in Clostridioides difficile infection (CDI) is limited.
Aims: We took advantage of the differences in procedures at the various French FMT centres to determine clinical and procedure-
related factors associated with FMT success in CDI.
Methods: We performed a nationwide retrospective multicentre cohort study. All FMTs performed within The French Faecal 
Transplant Group for CDI from 2018 to 2022 were included. Clinical data were collected retrospectively from recipient medical 
files, characteristics of stool transplant preparations were prospectively collected by each Pharmacy involved. Univariate and 
multivariate analyses were performed using Fisher's test and multiple logistic regression.
Results: Six hundred fifty-eight FMTs were performed for 617 patients in 17 centres. The overall efficacy of FMT was 84.3% 
(520/617), with 0.5% of severe adverse events possibly related to FMT (3/658). Forty-seven patients were treated at the first recur-
rence of CDI with a similar success rate (85.1%). Severe chronic kidney disease (CKD; OR: 2.18, 95%CI [1.20–3.88]), non-severe 
refractory CDI (OR: 15.35, [1.94–318.2]), the use of ≥ 80% glycerol (OR: 2.52, [1.11–5.67]), insufficient bowel cleansing (OR: 5.47, 
[1.57–20.03]) and partial FMT retention (OR: 9.97, [2.62–48.49]) were associated with CDI recurrence within 8 weeks.
Conclusions: Conditions of transplant manufacturing, bowel cleansing, and a route of delivery tailored to the patient's charac-
teristics are key factors in optimising FMT efficacy. FMT at first recurrence showed high success in real-life practice, whereas it 
had lower efficacy in severe CDI and non-severe refractory CDI.

1   |   Introduction

Faecal microbiota transplantation (FMT) is a standard of care for 
multiple recurrent Clostridioides difficile infections (rCDI) [1, 2]. 
It consists of the transfer within the patient's gastrointestinal 

tract of preparation from the stools of a healthy donor, following 
a minimum of 4 days of C. difficile-targeting antibiotics to pre-
vent further CDI recurrence. With a reported efficacy ranging 
from 69% to 90%, it is the most efficient treatment available for 
multiple rCDI [3–5]. Moreover, FMT has a good safety profile, 
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with less than 2% of serious adverse events reported [6]. FMT 
has also been described as a therapeutic option in severe or com-
plicated CDI, non-severe refractory CDI, or, ultimately, after a 
first or second episode of CDI [7, 8]. Despite its high efficacy 
rate, particularly in comparison with the recommended reg-
imen using antibiotics, some patients do not respond to FMT. 
Predictors of failure after FMT are not consensual and mainly 
rely on single-centre cohorts [3, 9]. The development of FMT 
was implemented in various ways over the past decades with 
different organisations in different countries, from centralised 
national FMT centres to private stool banks. International guide-
lines have been published to describe stool preparation, donor 
selection, and FMT procedures to standardise these procedures 
[10–13]. However, the level of evidence regarding the proposed 
procedures is limited, and their impact on FMT efficacy remains 
poorly evaluated, especially the interest in parameters such as 
the condition of thawing, the addition of glycerol, or the use of 
different anti-CDI antibiotics prior to FMT [14]. Yet in France, 
FMT has been performed in different regional centres for about 
10 years under the coordination of the French Faecal Transplant 
Group (GFTF), a national non-profit organisation gathering 
all French FMT experts. This organisation has allowed the de-
velopment of distinct processes of stool preparations from one 
centre to another while still complying with the recommended 
framework of FMT good practice guidelines [12]. We report here 
on the last 5 years (2018–2022) experience of the GFTF, taking 
advantage of the differences in terms of procedures and prepa-
ration between the various centres to assess in detail the clinical 
and technical parameters associated with FMT failure.

2   |   Materials and Methods

2.1   |   Definitions

Multiple recurrent CDI, severe, severe-complicated, or refractory 
CDI, was defined according to the ESCMID criteria issued in 
2021 [1]. Multiple recurrent CDI was defined as ≥ 2 recurrences 
of CDI, with one recurrence defined as a CDI occurring within 
8 weeks after a previous episode, provided the symptoms from 
the previous episode resolved after completion of initial treat-
ment. Severe CDI was characterised by one of the following fac-
tors at presentation: fever, i.e., core body temperature > 38.5°C, 
marked leukocytosis, i.e., leukocyte count > 15 × 109/L, and rise 
in serum creatinine, that is, > 50% above the baseline. Severe 
complicated CDI was defined by the presence of one of the fol-
lowing factors that need to be attributed to CDI: hypotension, 
septic shock, elevated serum lactate, ileus, toxic megacolon, 
bowel perforation, or any fulminant course of disease (i.e., rapid 
deterioration of the patient). Refractory CDI is CDI not respond-
ing to recommended CDI antibiotic treatment, i.e., no response 
after 3–5 days of therapy. Refractory CDI can be part of either 
non-complicated or complicated CDI [1]. FMT success was de-
fined by the absence of recurrence of CDI within the 8 weeks 
following FMT. The recurrence of CDI was defined by positive 
stool testing for C. difficile combined with the decision to treat 
it with anti-CDI antibiotics. Recurrence of CDI or persistence of 
refractory CDI was also considered as FMT failure, in addition 
to death or loss to follow-up at 8 weeks. Immunodeficiency was 
defined by the use of immunosuppressive therapy, corticoste-
roids > 20 mg/day, chemotherapy, HIV with a CD4 count < 200/

mm3. Severe chronic kidney disease (CKD) was defined by a glo-
merular filtration rate < 30 mL min−1 using MDRD calculation 
or chronic dialysis.

2.2   |   Data Collection

All centres involved in the GFTF that performed FMT for CDI 
have been proposed to participate in the ongoing study. All 
FMT performed in France, within the GFTF framework, from 
the 1st of January 2018 to the 31st of December 2022 were in-
cluded. Clinical data were collected retrospectively from recip-
ient medical files using a centralised anonymous online form. 
Pharmaceutical procedures and characteristics of stool trans-
plant preparations were collected from each centre's pharmacy 
database. These databases were systematically and prospec-
tively completed for each patient to ensure the traceability and 
safety of transplant preparations in line with good manufactur-
ing practice guidelines.

2.3   |   Ethics

The study protocol was approved by a local Ethical Committee 
(DC 2014/148-bis). All patients have given written informed con-
sent for the realisation of FMT and the use of their clinical data.

2.4   |   Statistical Analysis

To identify the parameters associated with FMT failure at 
8 weeks, univariate and multivariate analyses were performed. 
The univariate analysis was performed using Fisher's test for 
binary variables using R 4.2.0 (R Core Team (2022). R: A lan-
guage and environment for statistical computing. R Foundation 
for Statistical Computing, Vienna, Austria. URL) and logistic re-
gression for continuous variables. The multivariate analysis was 
performed using multiple logistic regression using GraphPad 
Prism software v10.1.1 for MacOs (GraphPad Software, Boston, 
Massachusetts USA, www.​graph​pad.​com). In the multivariate 
analysis, two models were generated using parameters that 
showed a statistically significant association with FMT out-
comes in the univariate analysis. In the multivariate analysis, 
multiple recurrent CDI, no glycerol and thawing at room tem-
perature were set as a reference for the category ‘indication’, 
‘glycerol’, and ‘thawing method’, respectively.

3   |   Results

3.1   |   Population Characteristics and FMT 
Procedures

During the study period, 658 FMTs were performed for CDI 
in France (GFTF framework), involving 617 patients. Over the 
same period, the number of centres preparing FMT transplants 
has decreased from 17 in 2018 to 8 in 2022, with about 70% of 
all FMTs prepared in 3 centres (Table 1). Characteristics of the 
population are described in Table  1. Eight patients (1.2%) and 
30 patients (4.6%) were, respectively, dead or lost to follow-up 
at the primary endpoint (8 weeks after FMT). Multiple rCDI 
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was the main indication for FMT (546/658; 83.0%), with a me-
dian number of recurrences of 4 (IQR = 2). FMT procedures 
and stool preparations are described in Table  2. Most FMTs 
were performed using previously frozen faeces (621/658, 94.4%) 
through different concentrations of glycerol ranging from no 
cryopreservative (178/621; 28.7%) to glycerol dilution ≥ 80% 
(140/621; 22.5%). When no cryopreservative was used, faeces 
were directly frozen within 6 h of emission, without processing 
or dilution, and then prepared for administration on the day of 
FMT (174/658; 26.4%). FMT procedures were mostly performed 
for inpatients (525/658; 79.8%) by upper route through gastro-
duodenal infusion (393/658; 59.7%). Gastro-duodenal infusions 
were performed either through a nasogastric tube (354/658; 
53.8%), a naso-duodenal tube (30/658; 4.6%), or upper endoscopy 
(9/658; 1.4%). The weight of faeces used for an FMT ranged from 
12 to 194 g (median = 40 g, IQR = 20 g).

3.2   |   FMT Outcomes

According to the number of FMTs performed per patient, the 
success rate of FMT was of 79.4% after one FMT (490/617) and 
84.3% after 2 or more FMTs (520/617). No major difference was 
observed according to FMT indication (Figure  S1) except for 
non-severe refractory CDI (success rate of 20%). Interestingly, 
patients who received FMT at first recurrence had a high suc-
cess rate (85.1%; 40/47), similar to those who underwent FMT 
for multiple recurrences (79.6%; 435/546). Six patients were aged 
under 18 years and received a stool preparation from an adult 
donor with ultimately 5/6 successes (83.3%) and no adverse 
events reported.

Forty-eight adverse events were reported (7.3%), including 3 
qualified as severe (0.5%), involving one colonic perforation in 
the context of a severe-complicated CDI with an FMT through 
gastric infusion leading to patient death, one bacteraemia caused 
by Streptococcus gallolyticus in the days following FMT, leading 
to secondary arthritis, and one sepsis of uncertain relationship 
to FMT.

Among the eight patients who died during the 8-week follow-up, 
four deaths occurred in the context of CDI (two from refrac-
tory multi-germ septic shock, one from colonic perforation as 
mentioned above, and one in the context of recurrent CDI). Two 
patients died of unspecified causes in the context of multiple co-
morbidities, one patient died from a stroke, and one from severe 
COVID-19.

3.3   |   Parameters Associated With FMT Failure

Univariate and multivariate analyses were performed to iden-
tify predictors of FMT failure (Figures  1 and 2; Table  S1). 
Regarding FMT protocol, the use of frozen faeces (p = 0.01), 
donor age (p = 0.01) and a thawing protocol using a water bath 
at 37°C for 2 h for frozen faeces (p = 0.007) were found to be 
significantly associated with CDI recurrence within 8 weeks 
only in the univariate analysis. Reported absence of efficient 
bowel cleansing (p = 0.003) or partial FMT retention (vomiting 
per procedure for upper route FMT or enema retention < 1 h) 

TABLE 1    |    Population characteristics.

Population characteristics
N = 658 

FMT

Patient age (years)—Mean (SD) 66.4 (17.7)

Male—n (%) 248 (37.7)

FMT centres—n (%)

Saint-Antoine Hospital (Paris) 223 (33.9)

Marseille 173 (26.3)

Lyon 62 (9.4)

Clermont-Ferrand 58 (8.8)

Toulouse 50 (7.6)

Nantes 33 (5.0)

Pitié- Salpétrière Hospital (Paris) 28 (4.3)

Others 31 (4.7)

Patient comorbidities

Immunodeficiency 142 (21.6)

Severe chronic kidney failure* 76 (11.6)

Cirrhosis 30 (4.6)

Diabetes 83 (12.6)

IBD 20 (3)

UC 11 (1.7)

CD 9 (1.3)

Solid cancer 102 (15.5)

Haematological malignancy 56 (8.5)

Specific treatment

PPI use at FMT 115 (17.5)

Antibiotic for an indication other than 
CDI

166 (25.2)

FMT indication—n (%)

Multiple recurrent 546 (83.0)

Severe ongoing 48 (7.3)

Severe complicated ongoing 12 (1.8)

Refractory ongoing 5 (0.8)

Recurrent (< 2 recurrences) 47 (7.1)

Number of CDI recurrence at FMT—
median (IQR)

4 (2)

Number of FMTs/ patient—n (%)

Only 1 FMT 580 (88.1)

2 FMT 33 (5.0)

3 FMT 4 (0.6)

Abbreviations: CD, Crohn's disease; CDI, Clostridioides difficile infection; FMT, 
faecal microbiota transplantation; IBD, inflammatory bowel disease; PPI, proton 
pump inhibitor; UC, ulcerative colitis.
*Glomerular filtration rate < 30 mL/min and/or dialysis.
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(p = 0.0003) were found to be significantly associated with 
FMT failure in both the univariate analysis and multivariate 
analysis (p = 0.007 and p = 0.001, respectively). Of note, most 
of the FMT involving insufficient bowel cleansing were per-
formed through the upper route (12/14; 85.7%). No specific 
route of administration was associated with FMT outcome. 
Neither a weight of stools below 30 g (n = 140/658, 21.3%; 
p = 0.28) nor ≤ 25 g (n = 118/658, 17.9%; p = 0.07) were asso-
ciated with FMT failure in the univariate analysis (Figure 1; 
Table S1). Interestingly, an antibiotic pretreatment with fidaxo-
micin monotherapy before FMT (n = 64/658, 9.7%; p = 0.87) did 
not impact FMT outcome (Figure 1; Table S1). Among frozen 
preparations, the use of high-dose glycerol (≥ 80%) was associ-
ated with a risk of failure in both univariate (p < 10−4) and mul-
tivariate analyses (p = 0.026) with an overall efficacy of 64.5% 
(80/124, Figure  S2). The use of transplants prepared from 
native faeces directly frozen within 6 h of emission, without 
adding glycerol or other processing, was not associated with 
impaired FMT efficacy: 84.9% (90/106, Figure 1; Table S1).

Among recipient-related predictors, univariate analysis high-
lighted that male gender (p = 0.01), severe CKD (p = 0.0009), 
immunodeficiency (p = 0.03), cirrhosis (p = 0.007), current non-
CDI antibiotic treatment at FMT (p = 0.002) and non-severe 
refractory CDI (p = 0.008) were associated with a higher risk 
of FMT failure. However, in the multivariate analysis, only se-
vere CKD (p = 0.008) and non-severe refractory ongoing CDI 
(p = 0.02) remained statistically significant. Noteworthy, non-
CDI antibiotic treatment at FMT almost reached statistical sig-
nificance in the multivariate analysis (p = 0.058).

4   |   Discussion

We report here a 5-year nationwide French experience of FMT 
performed for treating CDI. We identified specific patient and 
procedure-related predictors associated with FMT failure. 
Indeed, our results highlighted that severe CKD, non-severe 
refractory CDI, the use of high-dose glycerol, and technical fail-
ure of the procedure (either insufficient bowel cleansing or in-
sufficient FMT retention) were associated with CDI recurrence 
within 8 weeks after FMT.

The overall success rate described in our cohort was simi-
lar to that described in routine care [3]. It was recently esti-
mated in a meta-analysis from the Cochrane initiative (77% 
95% CI: 54.5–100) [15], with an increased success rate after 
multiple FMTs as previously described [16]. Our results also 
confirm the relevance of FMT in severe or severe-complicated 
CDI [17–20]. Despite only a few patients being treated for 
non-severe refractory CDI in our cohort, this condition was 
associated with a significant risk of FMT failure in both uni-
variate and multivariate analyses. The definition of refractory 
CDI is a subject of debate, as it may overlap with a differential 
diagnosis of prolonged diarrhoea associated with C. difficile 
colonisation [1]. This could explain the low response rate ob-
served in our cohort in this clinical context. Microbiological 
failure of vancomycin or fidaxomicin is very limited [21], and 

TABLE 2    |    Characteristics of stool transplants and faecal microbiota 
transplantation (FMT) procedure for CDI patients in France between 
2018 and 2022.

Characteristics of FMT transplants n = 658

Origin—n (%)

Frozen 621 (94.4)

Fresh 37 (5.6)

Weight of faeces (g)—Mean (SD) 43.1 (20.67)

Among frozen preparation–n (%) 621

Glycerol 443 (71.3)

Glycerol 10% 303 (48.8)

Glycerol 80% 86 (13.8)

Glycerol 90% 54 (8.7)

Thawing method

Over-night at 4°C 195 (31.4)

Room-temperature < 6 h 238 (38.3)

Water-bath 135 (21.8)

NC 53 (8.5)

Donor age (years)—Median (IQR) 33 (13)

Gender match between recipient and 
donor—n (%)

316 (48.7)

Route of administration—n (%)

Gastro/duodenal infusion 393 (59.7)

Frozen capsule 90 (13.7)

Enema 77 (11.7)

Colonoscopy 42 (6.4)

NC 56 (8.5)

Procedure—n (%)

Bowel preparation 644 (97.9)

Anti-CDI antibiotic preparation 619 (94.1)

vancomycine 399 (60.6)

metronidazole 1 (0.2)

fidaxomicine monotherapy 64 (9.7)

combined antibiotic 15 (2.3)

NC 140 (21.3)

Immediate failure of the procedure—n (%) 25 (3.8)

Failure of enema retention or vomiting of 
upper route FMT

11 (1.7)

Insufficient bowel cleansing 14 (2.1)

Others 1 (0.01)

Abbreviation: NC, not communicated.
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clinicians should systematically consider additional differen-
tial diagnosis before using FMT in the context of persistent 
diarrhoea with microbiological positive testing for CDI [4]. In 
opposition, the use of FMT at first CDI recurrence was asso-
ciated with a high efficacy in our population, in accordance 
with the results of a small controlled randomised trial from 
Hvas'group [8] and in line with recent guidelines from the 
American Gastroenterological Association that recommends 
considering FMT for patients with less than two CDI recur-
rences at high risk of either recurrent CDI or a morbid CDI 
recurrence [22].

Severe CKD is known to be associated with an increased risk 
of CDI, but its impact on FMT has been poorly described and 

deserves to be clarified. Here, we observed a more than twice 
increased risk of FMT failure comparable to the 2-fold increased 
risk of developing CDI for CKD patients [23]. This result could 
be explained by the specific dysbiosis observed in severe CKD 
patients, partly due to the multiple medical interventions they 
are subjected to that can alter the gut microbiota and impair 
FMT effects (frequent hospitalisation, antibiotics exposure, al-
tered bile acid intestinal metabolism etc.) [24, 25]. In particular, 
depletion of butyrate-producing bacteria (such as Roseburia), a 
common feature of CKD patients [26], has also been associated 
with FMT failure [27]. Strategies to improve FMT efficacy in 
this population should be developed involving possibly the com-
bination of therapies targeting the microbiota and other treat-
ments, such as the bezlotoxumab, an anti-toxin B antibody that 
has shown efficacy in CKD patients [28].

Detailed assessment of procedure-related factors associated 
with FMT efficacy is limited, either due to small populations 
in randomised clinical trials, a lack of comparative conditions 
in large single-centre cohorts, or limited available information 
in multicentric cohorts. Here, by taking advantage of the differ-
ences in procedures at the various French FMT centres, we have 
addressed poorly evaluated practical issues concerning FMT 
protocols.

Our study evaluated several questions raised by FMT that re-
mained unanswered. First, as most available data report the 
use of FMT following anti-CDI antibiotic treatment with van-
comycin, the impact on FMT efficacy of a previous treatment 
with fidaxomicin monotherapy was largely unknown. Although 
fidaxomicin is considered to have a limited impact on the gut 
microbiota compared to other antibiotics, we observed in our 

FIGURE 1    |    Parameters associated with CDI recurrence at 8 weeks after FMT—Univariate analysis. Fisher's test and logistic regression. ATB, 
antibiotics; CDI, Clostridioides difficile infection; FMT, faecal microbiota transplantation; IBD, inflammatory bowel disease; PPI, proton pump 
inhibitor.

FIGURE 2    |    Parameters associated with CDI recurrence at 8 weeks 
after FMT—Multivariate analysis. Logistic regression. FMT, faecal 
microbiota transplantation. *Calculated for frozen preparation.
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study that a pre-treatment with monotherapy fidaxomicin has 
no impact on FMT efficacy.

Second, the weight of faeces required for FMT is still a matter 
of debate; although some studies have suggested that a faecal 
weight of 12.5 to 25 g may be sufficient [10], some retrospective 
cohorts have suggested a loss of efficacy below 50 g [29]. On the 
one hand, in our cohort, a faecal weight of less than 30 g was 
used in around 20% of our cohort and was not associated with 
a loss of FMT efficacy, irrespective of the route of administra-
tion. On the other hand, the strict success of the FMT procedure 
(bowel cleansing and transplant retention) appeared crucial for 
FMT efficacy. In line with this observation, enema should be 
used with caution after assessment of anal continence to avoid 
rapid transplant evacuation (< 1 h), a limitation which may ex-
plain why gastro-duodenal infusion was the preferred route of 
administration in our cohort. Moreover, the fact that only two 
centres had access to FMT capsules during the study period, 
the need for the patient to be able to swallow a large quantity 
of high-volume capsules combined with the potential risk of 
serious adverse events related to colonoscopy, likely contrib-
uted to the high rate of upper-route FMT use in our population. 
Moreover, efficient bowel cleansing appeared to be a key deter-
minant of FMT success in our cohort. As most of the patients 
with insufficient bowel cleansing received FMT by upper route 
in our cohort, the importance of bowel cleansing for FMT using 
enema still needs to be evaluated as the literature showed con-
tradictory results with exceptionally low rates of FMT efficacy in 
trials with no bowel cleansing [30], while some authors reported 
similar results than described using bowel preparation [31].

Third, in our cohort, glycerol used, in particular at high concen-
trations, was associated with decreased FMT efficacy. Although 
associated with an increase in microbial viability after freez-
ing [32], glycerol may impact bacterial fitness and metabolism 
[33, 34], which may affect bacterial strain engraftment and 
FMT efficacy. Furthermore, in the absence of glycerol, faeces 
were generally rapidly frozen with limited handling and directly 
prepared on the day of FMT, Of note, dry preservation of stools 
has also been described to preserve the viability of fragile mi-
croorganisms (particularly anaerobic), maintaining the overall 
microbial richness of stools sample from healthy volunteers 
in comparison with procedures using culture medium with or 
without cryopreservative [35].

Finally, the thawing protocol can significantly impact bacteria 
growth and FMT sample preparation [36]. However, nothing is 
known about the impact of this critical stage of transplant prepa-
ration on the efficacy of FMT. Our data suggest that thawing in 
a hot water bath at 37°C could be associated with an increase in 
the efficiency of FMT. Thawing using a water bath has been as-
sociated with increased bacterial load in the food industry com-
pared to other cooler thawing methods [37]. As FMT has been 
proven to be associated with strains engraftment [38], this may 
explain the possible association we observed. More studies are 
needed to understand the microbiological impact of direct freez-
ing and the different thawing protocols on FMT transplants.

Our work has intrinsic limitations due to its retrospective nature. 
Precise reasons for choosing FMT at first CDI recurrence were 
not systematically specified. Bowel cleansing was subjectively 

described on the basis of the stool's aspect at FMT and the pa-
tient's ability to take a sufficient quantity of prescribed laxatives. 
The diagnostic methods for CDI were not systematically docu-
mented, and misdiagnosis may explain some FMT failures, par-
ticularly in cases of non-severe refractory CDI. Finally, the very 
low rate of declared adverse events compared to the 19% rate 
described previously in the largest systematic review may be due 
to the under-declaration of minor adverse events. However, the 
reported rate of serious adverse events we report is similar to 
what has been previously described (0.1%–1.3%) [6, 18]. In ad-
dition, loss of follow-up was limited (< 5%) and data on faecal 
preparation and management were collected prospectively in 
compliance with Good Manufacturing Practices and the obli-
gation to ensure traceability by the pharmacy in charge of the 
faecal transplant preparation. However, prospective nationwide 
cohorts are needed to ensure optimal follow-up of both donors 
and FMT recipients to uncover potential long-term and rare 
complications as it is now performed in France through the 
COSMIC-FMT cohort (NCT06311006).

In conclusion, this work gives new insights into specific clinical 
and pharmacological parameters that can impact FMT efficacy. 
Limiting the use of glycerol ≤ 10% in FMT transplant prepara-
tion and use of 37°C water bath thawing may improve FMT effi-
cacy, especially when considering patients at high risk of failure, 
such as in severe CKD or non-severe refractory CDI. Transplant 
retention and bowel cleansing should also be systematically 
optimised. These results may also contribute to the design and 
evaluation of new microbiota-derived therapies for CDI, partic-
ularly where product preparations are similar to those used for 
FMT [39].
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