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Pooled fecal microbiotherapy demonstrates
superior efficacy and similar safety compared
to single-donor products in ulcerative colitis
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Fecal Microbiota Transfer (FMT) is a procedure that has proven to be highly effective and safe for the
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provided the original author and Fecal microbiota transfer (FMT) has proven to be highly effective and safe for the treatment
source are credited. of recurrent or refractory Clostridioides difficile infection (CDI) in patients by restoring the gut

microbiota and preventing further recurrences [1]. FMT has also emerged as a promising approach
in other indications such as acute graft-versus-host disease (aGvHD) [2] or ulcerative colitis (UC)
[3,4]. However, the intrinsic variability in taxonomic composition of donors-derived products limits
the translatability of these studies. Recent research has highlighted the advantages of pooled donor
strategies over single-donor approaches [5]. This commentary evaluates the safety and efficacy of
pooled FMT, synthesizing evidence from meta-analyses, preclinical studies, and clinical trials to
underscore its potential for UC management and for broader applications.

Methods
Pooled microbiotherapy (MaaT013) manufacturing

MaaT013 is a standardized and high-richness microbiotherapy product manufactured in a
European cGMP production facility by pooling fecal material from 3 to 8 strictly vetted, healthy
donors, using a proprietary cryoprotectant (patent number FR1553716) preserving a high
concentration of viable cells in the drug substance (minimum of 1.35 x 10" viable bacteria par bag
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of 150 mL). The overall manufacturing process for MaaT033 closely
mirrors that of MaaT013 [2], with the key addition of lyophilization
and encapsulation steps [6], which preserve the comparable
properties and composition shared by both products.

DNA isolation and 16S rDNA sequencing

Genomic DNA was extracted from fecal samples using the
NucleoSpin Soil kit (Macherey Nagel). A sequencing library
targeting the V3-V4 region of the 16S rRNA gene was constructed
for each sample using the MyTaq HS-Mix (Bioline) according to
the manufacturer’s instructions. Libraries were then sequenced in
paired-end (2 x 300 bp) MiSeq runs (Illumina). Positive and negative
controls were added throughout the process to validate the successful
completion of each step.

Bioinformatics analyses

16S tDNA bioinformatics analyses were performed on the
gutPrint” platform with the in-house MgTagRunner v2.0.0 pipeline.
In brief, after amplicon merging using FLASH [7], reads were
quality-filtered using Trimmomatic [8]. Amplicons were clustered
into operational taxonomic units (OTUs) with an identity threshold
of 97%. A taxonomic annotation was then assigned to each output
using VSEARCH3 [9] and the Silva SSU database (Release 128). To
allow data comparison, the number of sequences was normalized to
60,000 amplicons per sample. The richness and Bray-Curtis indices
were calculated using R Statistical Software (R Core Team 2018,
version 3.4.4) using vegan and phyloseq packages.

Results

Levast et al. conducted a systematic review and meta-analysis
comparing pooled and single-donor FMT strategies in patients with
UC [10]. The analysis included 14 controlled studies and found
that both pooled and single-donor FMT products were superior to
placebo in inducing clinical response (risk ratios [RRs]: 4.41 and
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1.57, respectively [p<0.001 for both]). Importantly, pooled FMT
showed a significantly higher treatment response rate than single-
donor FMT ([RRs]: 2.81, p=0.005). Laperrousaz e al. performed
a systematic review and meta-analysis focusing on safety and
efficacy of pooled and single-donor FMT in UC patients [11]. The
analysis included 15 controlled studies (587 patients) and found
that pooled and single-donor FMTs had similar safety profiles, with
no significant difference in adverse or serious adverse events rate.
Importantly, when considering both efficacy and safety, pooled FMT
had a greater benefit-risk ratio compared to single-donor FMT,
reinforcing its clinical advantage. The authors recommend further
development of pooled FMT for UC, given its superior efficacy and
comparable safety to single-donor FMT. Gefen et al. conducted a
systematic review and meta-analysis of randomized controlled trials
evaluating FMT for UC [5]. The study included 14 trials (600
patients) and demonstrated similar safety profiles between FMT
and control groups. FMT significantly improved combined clinical
and endoscopic remission rates compared to placebo (odds ratio
2.25, p<0.0001), with pooled FMT (odds ratio 3.32) and oral FMT
administration (odds ratio 3.15) showing superior efficacy. The
use of adjunct treatments (biologics, steroids, or methotrexate)
concomitant or before the delivery of FMT further enhanced
remission rates, supporting FMT as a promising therapeutic

modality for UC.

A critical property that distinguishes single-donor FMTs and
pooled products is their microbial diversity, and notably their
microbial richness corresponding to the number of different taxa
in a microbial community. Comparing the microbial richness at
operational taxonomic units (OTU) level between single-donors
and corresponding pooled MaaT013 products, an improved
microbial richness can be achieved (median of 318.5 OTU [182-
428] for single donors compared to 537.5 OTU [471-613] for
pooled MaaT013 products) (Figure 1A). Higher richness of donor
feces has been associated with improved clinical success of FMT in
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Figure 1. Microbial richness and Bray-Curtis similarity index in single-donor and corresponding MaaT013 (pooled) microbiotherapy
products. 16S rDNA sequencing was performed to evaluate A) microbial richness at operational taxonomic unit (OTU) level and B) intra-groups
Bray-Curtis similarities at OTU level for single-donors (n=78 fecal samples from 22 donors) and corresponding pooled MaaT013 batches (n=38).
MaaT013 was manufactured through the pooling of feces from 4 to 8 strictly vetted healthy donors. The Bray-Curtis similarity index was calculated
using one fecal sample per donor. Violin plots with median and range are presented. Statistical significances were evaluated using Wilcoxon test

(**** <0,0001).
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patients with UC [12,13]. Higher donor feces microbial diversity
was further identified as predictive of a response in a systematic
review of 25 studies evaluating FMT in patients with UC [14]. In
addition, pooling feces from several donors also allows to decrease
batch-to-batch variability through standardization of microbial
taxonomic composition. This was evidenced by an inter-batch
Bray-Curtis similarity index at OTU level of 65% [46-83%] for
pooled MaaT013 products (Figure 1B). Conversely, corresponding
single-donor derived products suffer from highly heterogeneous
microbial composition with an inter-batch Bray-Curtis similarity
index at OTU level of 34% [7-82%], limiting reproducibility and

consistency of therapeutic outcomes.

Microbial engraftment is defined as the number of donor-
derived microbial species that successfully colonize the recipient’s
gut. In addition, the administration of one FMT product to several
recipients leads to differential strain engraftment, supporting the
concept of donor-recipient compatibility [15]. By offering a wider
range of microbial species to recipient patients, highly rich pooled
FMT products are expected to be associated with higher microbial
engraftment by increasing the probability of donor-recipient

matching [16]. This was recently evidenced iz vivo by Reygner ez
al., where mice treated with pooled microbiotherapy products
reached higher microbial richness compared to mice treated with
corresponding single donor-derived products [17]. In this study, the
heterogeneity in efficacy of single donor-derived products to treat
infectious diseases was corrected by pooled fecal microbiotherapy.
Higher donor strain engraftment was associated with improved
clinical success after FMT across different studies [18,19].
Accordingly, a trend towards a linear relationship between bacterial
diversity in fecal donations and post-FMT clinical outcomes has
recently been observed in CDI [20]. Finally, a meta-analysis recently
evidenced that the switch from low to high gut microbial diversity
was associated with an improved clinical response of UC patients
to FMT treatment [21]. Altogether, these results suggest that by
improving microbial diversity and increasing the probability of
donor-recipient matching, the use of pooled fecal microbiotherapies
could improve microbial engraftment and treatment efficacy in
receiving patients (Figure 2). Thus, pooled fecal microbiotherapies
tailored to match the specific microbial needs of many individuals
could improve patient care [22].
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(Bray-Curtis similarity)(%o)

34 [7-82] 65 [46-83]

Microbial richness
(OTU)

318.5 [182-428] |537.5 [471-613]

Engraftment

(richness at OTU in mice)
from Reygner et al., 2024

97 [59-128] 162 [147-176]

Safety (risk ratio)

from Laperrousaz et al., 2024

1.09 [0.89-1.34] | 0.9 [0.77-1.04]

Efficacy (odds of remission)
from Gefen et al., 2025

1.39 [0.67-2.18] |3.32 [1.99-5.55]

Efficacy (risk ratio)
from Levast et al., 2023

1.57 [1.23-2.00] | 4.41[2.14-9.11]

Benefit/Risk ratio

from Laperrousaz et al., 2024

1.43 [0.69-2.77] | 2.61[1.26-3.95]

Figure 2. Comparison between single-donor and pooled products (FMT procedure or microbiotherapy). This figure synthesize evidence from
metagenomic analysis, preclinical studies and meta-analyses of clinical trials in UC. Median and range are indicated.
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Discussion

In line with predictive models [23], these findings support the
use of pooled fecal microbiotherapies to improve engraftment and
treatment outcomes without compromising safety, with potential
implications for UC and other indications that could benefit from
fecal microbiotherapies. Indeed, promising clinical results were
obtained using pooled fecal microbiotherapies to treat UC [24,25],
but also for the treatment of other indications such as irritable bowel
syndrome [26], or aGvHD [2].

Conventional FMT is often prepared in hospitals using feces
from healthy donor(s), on a non-routine basis, for individual
patients under medical prescription and administered to these
patients locally. Fecal microbiotherapy refers to pharmaceutical-
grade standardized medicinal products prepared routinely following
reproducible industrial manufacturing process (which includes
pooling of donations) and according to consistent quality standards.
These products are intended to be administered to recipients on a
large scale with the objective of restoring a balanced gastro-intestinal
(GI) microbiota and thereby improving the health status of the
patients.

MaaT013, a standardized allogeneic fecal microbiotherapy
derived from pooled healthy human fecal microbiota and
administered via rectal enema, has demonstrated promising results to
treat steroid-resistant G aGvHD patients in the phase 2 HERACLES
study [2]. MaaT013 was safe in this highly immunocompromised
patient population. Interestingly, clinical response was linked to the
increased microbiota richness resulting from the engraftment of fecal
material from several donors. Increased levels of beneficial bacteria,
in particular butyrate producers, along with increased levels of short-
chain fatty acids (SCFA) and secondary bile acids were found in the
feces of responding patients. MaaT013 is currently being investigated
in refractory aGvHD with GI involvement in the pivotal ARES
trial [27]. The study met its primary endpoint with a significant
GI overall response rate (GI-ORR) at Day 28 of 62% and a 1-year
expected overall survival of 54%, demonstrating the unprecedented
efficacy of MaaTO013 as third-line treatment of aGvHD with GI
involvement [28]. Finally, pooled oral fecal microbiotherapies are
also currently being developed. MaaT033, a pooled, allogeneic,
lyophilized, and standardized fecal microbiotherapy product,
formulated as a delayed-release capsule for oral administration was
shown to be safe and effective for gut microbiota restoration in acute
myeloid leukemia (AML) patients receiving intensive chemotherapy
and antibiotics in the phase 1 CIMON clinical trial [6]. MaaT033
restored microbial communities close to the composition of the drug
product and was associated with a decrease in inflammatory markers
(C-reactive protein, interleukin-6) together with an increase in SCFA
over time. MaaT033 is currently being tested in the randomized,
placebo-controlled phase 2b PHOEBUS trial, evaluating its efficacy
to improve survival in patients receiving allogeneic hematopoietic cell
transplantation [29]. These studies highlight the shift toward pooled
fecal microbiotherapies for conditions caused by gut dysbiosis.

Some aspects may be addressed to improve clinical efficacy of
fecal microbiotherapies and achieve reproducible results. Future
directions include developing standardized protocols for donor
screening, product manufacturing process, and administration
procedures. Donor selection is an important factor influencing safety
of fecal microbiotherapies. The safety of microbiotherapy products

is intrinsically linked to the rigorous screening and testing of both
fecal microbiota donors and fecal material to minimize the risk of
pathogen transmission. As such, a harmonized regulatory framework
is needed to ensure strict donor screening procedures. To this end,
the European substances of human origin (SoHO) regulation has
been set to establish measures setting high standards of quality and
safety for all intended human applications and activities related to
intestinal microbiota [30]. In addition, current consensus is that
FMT efficacy is associated with successful engraftment of donor
species. Thus, strategies that would allow to improve microbiota
engraftment such as ensuring bacteria viability, increase in dose and
frequency of FMT administration as well as the use of high-richness
pooled-donor products are advised [15,19]. While no proper FMT
dose-response study was performed, the dosing regimen of fecal
microbiotherapies in term of number of living bacteria and number
of administrations needs to be extensively analyzed. The need and
the nature of pre-treatment (antibiotics or PEG) to free ecological
space in the gastrointestinal tract and facilitate the engraftment of
donor microbes should also be addressed. Finally, safety, efficacy and
cost of FMT do not only depend on the quality of contents but also
on the delivery route employed. Delivery routes for FMT include
upper gastrointestinal routes through nasogastric/nasojejunal
tubes, endoscopy, oral capsules and lower gastrointestinal routes
like retention enema, sigmoidoscopy or colonoscopy. While
progresses were recently achieved [31], the optimal route for FMT
administration is yet to be established and may depend on the
degree of intestinal dysbiosis associated with specific indications.
Extensive studies are required to understand the interplay between
administration route, physical nature of FMT (fresh or frozen),
patient compliance and cost effectiveness to design a risk-free,
convenient and cost-effective FMT [32,33].

Conclusion

In conclusion, the pooling strategy represents a paradigm shift
for fecal microbiotherapies, offering comparable safety to single-
donor products while achieving superior efficacy through enhanced
microbial diversity and engraftment. The ability of pooled fecal
microbiotherapies to deliver diverse and standardized microbial
communities positions it as a superior option for UC. The success
of pooled fecal microbiotherapy in aGvHD underscore its potential
across different indications associated with gut dysbiosis.
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