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Fecal Microbiota Transplantation (FMT) is an innovative therapy with growing 
applications, particularly for recurrent Clostridioides difficile infections (rCDI).  
However, the broader use of FMT is challenged by the complexities of donor 
recruitment, the necessity of stringent screening protocols, and the need for 
maintaining high-quality stool biobanks. This paper explores the integration of 
FMT programs within transfusion medicine departments, taking advantage of their 
expertise in donor management and biological material processing. Despite the 
complexities of donor screening, including a low eligibility rate, the collaboration 
between transfusion services and other hospital departments demonstrates a 
viable model for expanding FMT access. Additionally, the recent EU regulations on 
substances of human origin (SoHO) offer a framework for standardizing and scaling 
stool banking, enhancing the safety and efficacy of FMT procedures.
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INTRODUCTION
Fecal Microbiota Transplantation (FMT) is an emerging therapy with great potential 
to improve patient care and advance biomedical research. The procedure involves 
transferring fecal bacteria and other microorganisms from a healthy donor to a recipient 
with a compromised gut microbiome and can be administered via various methods 
including colonoscopy, enema, oral capsules, or nasoenteric tube1. The first description 
of FMT was published by Eiseman et al. in 1958 for treating pseudomembranous colitis2, 
but interest in this approach has been renewed in recent years as the technique proved 
effective in treating patients with recurrent infections caused by Clostridioides dif ficile 
infection (rCDI)3-5. Moreover, there is growing interest in FMT as an experimental therapy 
for various diseases and conditions, especially in gastroenterology, oncology, hepatology, 
hematology, and neuroscience6-8. Currently, there are 866 clinical trials registered on 
ClinicalTrials.gov using FMT as treatment9.
However, the broader implementation of FMT in both standard care and clinical trials 
remains limited by several obstacles, including the lack of dedicated collection centers, 
dif ficulties in finding and motivating donors, regulatory complexities, production 
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costs, and the need for strict quality controls. The 
synergy of FMT centers with the infrastructure of 
transfusion centers might overcome many obstacles: 
blood establishments are already an integral part of 
modern healthcare systems with extensive experience 
in donor recruitment, management, and processing of 
human-derived substances for medical treatments for 
various clinical indications.
This article examines the important role that transfusion 
services could play in FMT programs, particularly in 
the recruitment and selection of donors, as well as 
in the preparation, storage and distribution of fecal 
suspensions. This role may become even more key in light 
of recent EU regulations, which set new standards for the 
quality and safety of substances of human origin (SoHO).

UNDERSTANDING THE HUMAN GUT MICROBIOTA 
The human gut microbiota is a complex ecosystem, 
consisting of approximately 500 to 1,000 dif ferent 
microbial species10, with a total biomass of nearly 0.5 kg11. 
This microbial community includes bacteria, Archaea, 
and Eukarya, with population density increasing 
significantly from the small intestine to the colon. 
Recent estimates indicate that the human body contains 
approximately 30 to 40 trillion microbial cells, which 
roughly equal the number of human cells, resulting in a 
ratio close to one to one11. The gut microbiota’s genetic 
content, known as the “microbiome”, may contain 100 
times more genes than the human genome, ref lecting its 
broad biological significance12,13.
Functionally, the gut microbiota serves as a metabolic 
organ, providing capabilities that humans have not fully 
evolved independently. These include the degradation 
of complex plant polysaccharides, biotransformation of 
conjugated bile acids, degradation of dietary oxalates 
and the synthesis of essential vitamins14,15. Additionally, 
microbiota plays a role in educating the immune system, 
helping to maintain immune tolerance and reducing 
allergic responses16,17. The gut microbiota’s dynamic 
nature is evident in its inf luence on postnatal gut 
development and overall host physiology. For example, 
certain bacteria can direct the synthesis of glycans in the 
gut epithelium, facilitating colonization and nutrient 
absorption18,19. Moreover, the gut microbiota maintains 
the intestinal mucosal barrier and modulates host 

immune responses, which are essential for homeostasis 
and protection against pathogens20.
These host-microbe interactions provide a rationale 
FMT. By restoring a balanced microbiome, FMT can 
treat conditions linked to dysbiosis, such as rCDI, and 
potentially other gastrointestinal and systemic diseases. 

EFFICACY AND SAFETY OF FMT
European and American guidelines for evidence-based 
use of FMT have been recently published1,4,5. Furthermore, 
both established and emerging therapeutic applications 
have been critically reviewed and comprehensively 
summarized by Yadegar and colleagues21.
FMT has become a well-established treatment for rCDI. 
Clinical guidelines widely recommend FMT for patients 
who have experienced at least two episodes of recurrence 
of CDI after standard antibiotic treatment, with reported 
ef ficacy rates ranging from 80 to 90%1,4,22,23. Various 
delivery methods, such as colonoscopy, oral capsules, and 
enemas, have been shown to be effective, with endoscopic 
administration generally yielding the highest success 
rates24,25.
Beyond rCDI, FMT is being explored as a therapeutic 
option for other gastrointestinal conditions. Preliminary 
evidence suggests that FMT may be beneficial in inducing 
remission in patients with ulcerative colitis, although 
larger randomized controlled trials are needed to confirm 
these data26. Similarly, while FMT has shown potential 
in treating irritable bowel syndrome (IBS), the evidence 
remains preliminary, and further studies are required to 
establish its role in clinical practice27,28.
In addition to gastrointestinal applications, FMT is being 
investigated for its potential in managing systemic and 
immune-mediated conditions. Early studies suggest 
that FMT might be a valuable adjunctive therapy for 
fulminant CDI, particularly in critically ill patients, 
where standard antibiotic therapy alone may not be 
suf ficient29,30. Moreover, ongoing research is exploring 
the role of FMT role in treating conditions such as  
graft-versus-host disease31,32 and immune checkpoint 
inhibitor-induced colitis33,34.
Emerging experimental applications of FMT include 
its potential in treating metabolic syndrome and 
neurodegenerative disorders, where early findings suggest 
that FMT may inf luence systemic immune responses and 
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gut-brain axis interactions15,35,36. Additionally, FMT is 
being investigated for its role in improving the ef ficacy 
of immunotherapy for the treatment of several neoplasia, 
including melanoma37.
The safety profile FMT is generally favorable, particularly 
in the treatment of recurrent rCDI25. However certain 
risks necessitate careful management. Adverse events 
can range from mild gastrointestinal symptoms, such 
as diarrhea, cramping, and bloating, to more severe 
complications, including the transmission of infectious 
diseases through donor stool24. The risk of transmitting 
multidrug-resistant organisms (MDROs) is a significant 
concern, with documented cases of severe complications, 
including death38.
The use of FMT in immunocompromised patients 
poses additional risks, as these individuals may be 
more susceptible to infections and other adverse 
outcomes. Serious infections following FMT in 
immunocompromized patients highlight the need for 
careful patient selection and monitoring38. Moreover, 
long-term safety data are still limited, and further 
research is needed to fully understand the potential risks 
associated with FMT, particularly in applications beyond 
rCDI1.
To mitigate these risks, standardized protocols for donor 
screening, stool processing, and patient monitoring 
are essential. The development of standardized FMT 
products, such as those derived from a single donor and 
subjected to rigorous safety testing, may help reduce the 
variability in outcomes and improve the safety profile of 
FMT22.
Given the diverse and evolving landscape of FMT 
applications, ongoing research is crucial to refine 
treatment protocols, ensure long-term safety, and explore 
new therapeutic strategies. The integration of advanced 
omics technologies and bioinformatics is expected to play 
a key role in personalizing FMT therapy and optimizing 
its outcomes39,40.

ORGANIZING A STOOL BANK 
A broader use of FMT, both for the treatment of rCDI and 
in experimental settings, is challenged by dif ficulties 
in recruiting donors and managing the production and 
storage of transplants. The establishment of stool banks, 
as suggested by Cammarota et al.41 and Baunwall et al.42, 

is crucial for ensuring a consistent and safe supply of 
donations. According to a recent international estimate, 
the current European FMT activity covers approximately 
10% of the patients with indication42. Centralized stool 
banks could streamline logistics and distribution, 
enhancing FMT accessibility while adhering to rigorous 
safety and quality standards.
The organization involves several critical steps, 
beginning with the recruitment of potential donors, 
who must undergo a meticulous and often multi-tiered 
selection process. This process typically starts with an 
initial screening via detailed questionnaires to rule 
out individuals with any history of infectious diseases, 
gastrointestinal disorders, or lifestyle factors that could 
compromise the quality of the microbiota. Following this, 
candidates undergo extensive blood and stool testing to 
detect a wide range of pathogens and other health issues. 
Only candidates who pass these initial screenings are 
considered eligible donors. However, even with thorough 
pre-screening, the acceptance rate of donors remains 
low. A study from a large Italian stool bank highlighted 
the significant challenge of donor recruitment, 
revealing that out of 114 candidates, only 29 (25%) were 
deemed suitable after the comprehensive evaluation 
process43. This low yield is not uncommon; other studies 
have reported acceptance rates sometimes as low as 
2-3%44,45,46. The high exclusion rates can be attributed to 
a variety of factors, ranging from logistical issues, such 
as the candidate’s ability to consistently provide samples 
within the required time frame, to more complex 
medical exclusions following detailed laboratory tests. 
Even for initially accepted donors, repeated screenings 
are required to ensure the quality and safety of each 
donation, with every stool sample undergoing additional 
testing before being approved for use in FMT. Indeed, an 
Italian study found that 21% of stool samples were later 
excluded, after initial stool testing revealed the presence 
of pathogens, despite the donors being asymptomatic43. 
There is also an ongoing debate about the best practices 
for maintaining donor engagement and minimizing 
dropouts. In countries like the United States and 
Australia, compensation is allowed, which might help 
mitigate attrition rates. This is not feasible in Europe, 
where SoHO are usually collected only from voluntary,  
non-remunerated donors45.
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REGULATORY ASPECTS
The recent adoption of the EU Regulation on SoHO 
(Regulation [EU] 2024/1938)47 expands the scope of 
EU regulation to include substances like intestinal 
microbiota which were previously left unregulated 
at the EU level, acknowledging their critical role in 
medical applications. According to new directives, 
entities and establishments involved in the collection, 
processing, and storage of fecal microbiota must meet 
the same high standards required for other human-
origin substances. 
This new SoHO regulation could facilitate the 
integration of stool banking within transfusion medicine 
departments. Given their extensive experience in 
handling and issuing biological materials while ensuring 
compliance with rigorous safety standards, transfusion 
services are well-positioned to take on the additional 
functions related to stool banking. By doing so, they can 
support the broader application of FMT, ensuring that 
both the collection and processing of stool samples meet 
the highest quality standards.
Moreover, the regulation emphasizes the need for clear 
and coordinated oversight of all SoHO activities, which 
could further streamline the inclusion of stool banking 
within existing blood and tissue establishments. This 
novel and harmonized regulatory framework not only 
facilitates cross-border exchanges but also ensures 
consistent quality and safety measures across Europe.
While awaiting the full implementation of EU 
regulations, Italy has implemented the "National 
Program on Human Fecal Microbiota Transplantation 
(FMT) - regulatory, clinical, and organizational aspects"48. 
This program provides comprehensive guidelines for 
the use of both fresh and frozen fecal material, with 
a strong emphasis on safety, preparation, storage, 
and administration. It underscores the importance 
of rigorous donor selection, laboratory eligibility 
criteria, and standardized microbiota characterization 
methodologies. Donors undergo thorough screening 
through questionnaires, biohumoral tests, and rapid 
pathogen tests, including SARS-CoV-2, to ensure the 
safety and efficacy of the transplant. FMT can only be 
administered in hospitals where the fecal transplant 
program has been authorized by the Italian National 
Transplant Center (Centro Nazionale Trapianti [CNT]).

THE POSSIBLE ROLE OF TRANSFUSION 
MEDICINE DEPARTMENTS 
Italian regulations currently do not specifically 
mandate the involvement of Transfusion Medicine 
departments in FMT processes, which mainly involve 
gastroenterology, infectious diseases, and microbiology 
departments48. Nonetheless, as already mentioned, 
the extensive experience of transfusion services in 
donation management, biological material handling, 
and safety standards positions them as valuable 
contributors to FMT’s expansion. Their collaborative 
integration with the other departments could enhance 
stool donor recruitment, establish stool banks, and thus 
improve therapy accessibility and effectiveness. Success 
stories in Northern Europe49 and Australia50 highlight 
the potential of recruiting stool donors from the pool of 
blood donors, leveraging existing infrastructures and 
trust in the donation process. Costs are expected to be 
lower when donors are recruited, and stool is processed 
within blood and tissue establishments due to savings in 
donor screening, efficient lab processing, and shared use 
of existing facilities. For instance, a study conducted by 
Odense University in Denmark51 found that the cost of 
producing one stool unit for transplantation among blood 
donors was approximately USD 590, substantially below 
(i.e., 50-60% lower) the costs reported by other nonprofit 
stool banks, such as the American OpenBiome facility 
(USD 1,595 per dose) and the Netherlands Donor Feces Bank 
(USD 1,155), which do not rely on blood donors. However, 
current literature also highlights significant challenges, 
including logistical barriers, stringent screening criteria 
that lead to high rejection rates, and ambivalence among 
potential donors due to concerns about the process and 
its impact on personal health. Solutions include better 
communication and support for ineligible donors52,53.

THE EXPERIENCE OF THE POLICLINICO 
OF MILAN
Recently, the FMT Program at the Fondazione IRCCS Ca’ 
Granda Policlinico di Milano -the main public research 
hospital in Italy- was accredited and of ficially authorized 
by the CNT to participate in the National Program for 
FMT, as detailed in the of ficial authorization (Delibera 
CNT No. 0031380, 17/07/2024). The accreditation process 
took more than two years to complete. This accreditation 
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validates the hospital’s capability to conduct FMT under 
stringent national guidelines, positioning the transfusion 
medicine department as a key player in the safe and 
effective implementation of FMT.
The organizational structure of the FMT program at 
Policlinico di Milano (Figure 1) is designed to ensure 
comprehensive and integrated care across multiple 
specialties. The program involves collaboration between 
several key departments, including the Transfusion 
Medicine Unit, Gastroenterology and Endoscopy, 
Microbiology and Virology, and Infectious Diseases. 
The Transfusion Medicine Unit is responsible for donor 
selection, production, and validation of FMT units, 
while the Gastroenterology and Endoscopy department 
manages patient selection and the transplant procedure. 
The Microbiology and Virology department plays a crucial 
role in screening and validating stool samples, ensuring 
that all procedures meet the highest safety and quality 
standards.
Inspired by the hematopoietic stem cell transplantation 
model, the interdisciplinary team integrates clinical 
units for therapy application, donation collection, and 

substance processing, preservation, and distribution, 
typically handled by transfusion services. The initiative 
encompasses three core processes: donor and donation 
suitability assessment, FMT unit production and 
cryopreservation, and transplantation with patient  
follow-up, ensuring safety and efficacy through  
multi-specialty collaboration. Donor selection involves a 
thorough three-tier suitability process, including stringent 
anamnestic requirements, diagnostic tests similar to those 
required for blood donations, and pathogen screenings 
in donated stool (Table I). Additionally, validation tests 
for FMT unit processing, freezing, thawing, release, and 
transport were conducted as required by the accreditation 
procedure.
The Department of Transfusion Medicine at IRCCS Ca’ 
Granda Policlinico di Milano can rely on approximately 
30,000 regular blood donors, who potentially represent 
an important resource in the hospital’s stool banking 
program. Donor recruitment began in March 2024. Up to 
the time of writing, 19 regular blood donors were offered 
the opportunity to participate in the stool donation 
program during their pre-blood donation visit. All agreed 
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Figure 1 - The organizational structure of the FMT program at Fondazione IRCCS Ca’ Granda 
Ospedale Maggiore Policlinico, Milan, Italy 
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to take part (100%) and had no initial contraindications 
based on their medical history questionnaire; they 
subsequently signed the informed consent for stool 
donation. Of these, 14 donors were subjected to 
microbiological screening and 4 (28.5%) were ultimately 
deemed eligible for stool donation. Among those who 

were not eligible, we observed 3 bacterial reactivities  
(5 E. coli, 1 H. pylori, 1 carbapenem-resistant Pseudomonas 
aeruginosa) and 5 parasitic reactivities (1 Giardia Lamblia, 
2 Dientamoeba fragilis, 2 Blastocystis hominis). Additionally, 
4 donors were excluded due to positive fecal occult blood 
results (Table II).

Table II - Microbiological screening results and exclusion criteria for stool donation program

Donors Pre-selected 
regular donors

No. (%)

Withdrawing from 
the program 

No. (%)

Donor microbiological 
investigations 

No. (%)

Tested donors eligible
No. (%)

Tested donors non eligible
No. (%)

Male 14 (74%) 1 (7%) 13 (93%) 3 (23%)

10* (77%)

*Microbiological abnormalities

One 6 (60%)

Two 2 (20%)

Three 2 (20%)

Female 5 (16%) 4 (80%) 1 (20%) 1 (100%) 0 (0%)

Total 19 (100%) 5 (26%) 14 (74%) 4 (28.5%) 10 (71.5%)

Table I - Comprehensive procedure for donor selection in Fecal Microbiota Transplantation (FMT)

Enrollment of candidate donors

•	 Potential donors are identified among blood donors.
•	 The transfusion medicine doctor explains the FMT program, its importance, and addresses any questions, providing informational materials.
•	 If interested, the candidate signs an informed consent form and completes a dedicated anamnesis questionnaire.

Management of serological results, home collection, and delivery of stool samples

•	 In the absence of contraindications from blood tests or concerns arising from the medical history, further investigations are conducted*.
•	 The candidate is instructed on how to collect fecal samples at home and deliver them for analysis.

Donor microbiological investigations and suitability evaluation

•	 Samples are delivered to the microbiology and virology laboratory for analysis**.
•	 If results are within normal ranges, the candidate is contacted to schedule the stool donation.

Stool donation

•	 The donor undergoes a re-evaluation of the anamnesis before donation.
•	 The procedure for stool collection is explained in detail, and samples are collected and assessed for suitability.

Stool preparation and transfer to the laboratory

•	 The collected stool is securely packaged and transferred to the FMT manipulation laboratory for processing.
•	 Before processing, two stool samples are sent to the microbiology and virology laboratory for testing for major enteric pathogens and SARS-CoV-2.
•	 The stool donation is processed, and the resulting microbiota units are packaged and stored in quarantine.

Final review and approval for clinical use

•	 The results of the laboratory investigations and the processing documentation are reviewed.
•	 A final judgment, regarding both the donor and the microbiota units, is issued. If deemed suitable for clinical use, theunits can be released for 

transplantation.

(*): Blood/serum tests. Tri-NAT (HIV RNA, HBV DNA, HCV RNA), HBsAg, HCV Ab, HIV-1 and HIV-2 Ab/Ag, Treponema pallidum Ab, anti-HBcAg (total and IgM), HAV IgM, HEV 
IgM, CMV Ab IgM, EBV Ab IgM, Entamoeba histolytica Ab. Complete Blood Count, ESR (Erythrocyte Sedimentation Rate), CRP (C-Reactive Protein), Blood Glucose, Albumin, 
Creatinine, Electrolytes (Na, K), Transaminases, Bilirubin (Total, Conjugated), ɤGT (Gamma-Glutamyl Transferase), Alkaline Phosphatase; and, only in the presence of risk 
factors: Serology for HTLV I and II, Serology for Strongyloidesstercoralis, Serology for Toxocaracanis, Monkeypox MPXV (Real-Time PCR on vesicle swab, only when indicated). 
(**) Fecal tests. Immuno assays: Clostridioides difficile (toxigenic), H. pylori (fecal antigen). Molecular tests: Yersinia enterocolitica, Escherichia coli VT-producing, 
enteroaggregative, enteropathogenic, enterotoxigenic, Campylobacter spp., Salmonella spp., Shigella spp., Clostridioides difficile toxin A/B, Vibrio cholerae, Vibrio 
parahaemolyticus, Vibrio vulnificus, Plesiomonas shigelloides, Rotavirus, Adenovirus, Norovirus, Astrovirus, Sapovirus, Giardia lamblia, Cryptosporidium spp, Entamoeba 
histolytica, Cyclospora cayetanensis, Dientamoeba fragilis, Blastocystis hominis. Search for Helminths: Strongyloides spp., Necator americanus, Ancylostoma spp., Ascaris spp., 
Trichuris trichiura, Enterobius vermicularis, Hymenolepis spp., Taenia spp., Enterocytozoon spp./Encephalitozoon spp.; Culture tests: Listeria monocytogenes, Vancomycin-
resistant Enterococci, Carbapenem-resistant Enterobacteria or ESBL-producing, Carbapenem-resistant Pseudomonas aeruginosa, Methicillin-resistant Staphylococcus 
aureus, Carbapenem-resistant Acinetobacter baumannii; Other tests: Eggs, cysts, and life forms of intestinal parasites (coproparasitological examination, microscopic 
and macroscopic, including Isospora, Microsporidia and Helminths), Fecal occult blood; and, only in presence of risk factors: Fecal calprotectin.
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RESEARCH OPPORTUNITIES 
In our opinion, the research pipeline in stool banking 
should prioritize donor recruitment and retention 
strategies, along with expedited screening for donor 
suitability. These ef forts require a multifaceted approach 
that includes non-financial incentives, comprehensive 
educational outreach, and a streamlined donation 
process, with the aim of enhancing and maintaining 
the pool of available donors, ultimately ensuring a rich 
diversity in the microbiota available for transplantation 
purposes. Simultaneously, the refinement of rapid 
screening methods for assessing donor suitability 
is a critical component for the safe and ef fective 
implementation of FMT. The adoption of advanced 
technologies, such as metagenomic sequencing, coupled 
with the integration of machine learning approaches 
for predictive analyses, facilitates a more nuanced and 
ef fective evaluation of potential donors. Moreover, the 
development and application of point-of-care testing 
tools have the potential to further streamline the 
screening process, enabling real-time assessments that 
can significantly expedite donor selection.

CONCLUSIONS
The involvement of Transfusion Medicine departments 
in FMT programs represents a promising approach for 
overcoming the logistical and regulatory challenges 
currently limiting the broader application of FMT. By 
leveraging the existing infrastructure and expertise of 
transfusion services in donor recruitment, biological 
material handling, and adherence to strict safety 
standards, and by following the long-established 
model used in hematopoietic stem cell transplantation 
programs, it is possible to streamline the donor selection 
process and enhance the safety and ef ficacy of FMT. The 
establishment of stool banks within blood and tissue 
establishments may significantly improve the availability 
and accessibility of FMT, addressing the growing 
demand for this therapeutic intervention for rCDI while 
supporting clinical trials for experimental applications.
Moreover, the recent adoption of new regulations on SoHO 
provides a robust regulatory framework that ensures 
consistent safety and quality measures across Europe. 
These regulations, combined with the collaborative 
ef forts of transfusion medicine departments, could help 

the standardization of FMT practices, ensuring that they 
are safe, ef fective, and widely available to patients in 
need.
Our initial experience suggests that such integration 
could be both feasible and beneficial. As research 
continues to explore new therapeutic applications 
of FMT, the involvement of transfusion medicine 
departments could be key to the successful expansion 
and optimization of this emerging treatment.

ACKNOWLEDGEMENTS
We would like to thank the colleagues who laid in 
2018 the foundation for developing the system that 
we have implemented and described in this paper. In 
particular, Francesca Truglio, Cinzia Paccapelo and 
Silvia Giovanelli.

FUNDING INFORMATION 
Fondazione IRCCS Ca’ Granda Ospedale Maggiore 
Policlinico, Ricerca corrente (Luca Valenti, Daniele Prati).

AUTHORS’ CONTRIBUTIONS
DP conceptualized, designed, and drafted the initial 
version of the manuscript. LV, FC, LS, VDA, and CA 
contributed to the writing and provided critical revisions. 
All Authors revised and approved the final version for 
submission.

CONFLICTS OF INTEREST
DP serves as Section Editor in BT and has received travel and 
research grants, speaking fees, and teaching fees from Diasorin, 
Diamed, Diatech Pharmacogenetics, Grifols, Immucor, 
Macopharma, Ortho Clinical Diagnostics, Terumo, Cerus. 
LS serves as Editorial Of fice Manager in BT. LV has received 
speaking fees, consulting fees, and unrestricted grant support 
from Viatris, Novo Nordisk, Pfizer, Boehringer Ingelheim, 
Resalis, and Gilead. VDA serves as Section Editor in BT. The 
other Authors declare no conf licts of interest.

REFERENCES
1.	 Cammarota G, Ianiro G, Tilg H, Rajilić-Stojanović M, Kump P, Satokari 

R, et al. European consensus conference on faecal microbiota 
transplantation in clinical practice. Gut 2017; 66: 569-580. doi: 10.1136/
gutjnl-2016-313017. 

2.	 Eiseman B, Silen W, Bascom GS, Kauvar AJ. Fecal enema as an adjunct 
in the treatment of pseudomembranous enterocolitis. Surgery 1958; 44: 
854-859. PMID: 13592638.

3.	 Minkoff NZ, Aslam S, Medina M, Tanner-Smith EE, Zackular JP, Acra S, 
et al. Fecal microbiota transplantation for the treatment of recurrent 
Clostridioides difficile (Clostridium difficile). Cochrane Database Syst 
Rev 2023; 4: CD013871. doi: 10.1002/14651858.CD013871.pub2.

©SIM
TIP

RO Srl



8

Prati D. et al 

Blood Transfus 2025;  doi: 10.2450/BloodTransfus.929

25.	 Kassam Z, Lee CH, Yuan Y, Hunt RH. Fecal microbiota transplantation for 
Clostridium difficile infection: Systematic review and meta-analysis. Am 
J Gastroenterol 2013; 108: 500-508. doi: 10.1038/ajg.2013.59.

26.	 Moayyedi P, Surette MG, Kim PT, Libertucci J, Wolfe M, Onischi C, et al. 
Fecal microbiota transplantation induces remission in patients with 
active ulcerative colitis in a randomized controlled trial. Gastroenterology 
2015;149: 102-109.e6. doi: 10.1053/j.gastro.2015.04.001.

27.	 Holvoet T, Joossens M, Vázquez-Castellanos JF, Brazeilles R, Cools-
Portier S, Doré J, et al. Fecal microbiota transplantation reduces 
symptoms in some patients with irritable bowel syndrome with an 
increased abundance of Prevotella and Sutterella. Gastroenterology 
2017; 152: 140-151.e2. doi: 10.1053/j.gastro.2016.09.049.

28.	 Rodrigues T, Rodrigues Fialho S, Araújo JR, Rocha R, Moreira-Rosário 
A. Procedures in fecal microbiota transplantation for treating irritable 
bowel syndrome: systematic review and meta-analysis. J ClinMed 2023; 
12: 1725. doi: 10.3390/jcm12051725. 

29.	 Fischer M, Kao D, Kelly CR,  Kuchipudi A, Jafri SM, Blumenkehl M, et al. 
Fecal microbiota transplantation is safe and effective for recurrent 
Clostridium difficile infection in patients with inflammatory bowel 
disease. Inflamm Bowel Dis 2016; 22: 2402-2409. doi: 10.1097/
MIB.0000000000000908.

30.	 Webb BJ, Brunner A, Ford CD, Gazdik MA, Petersen FB, Hoda D. Fecal 
microbiota transplantation for recurrent Clostridium difficile infection in 
hematopoietic stem cell transplant recipients. TransplInfectDis 2016; 18: 
628-633. doi: 10.1111/tid.12556.

31.	 De Filipp Z, Bloom PP, Torres Soto M, Querol S, Bueno D, Fernández 
L,  et al. Fecal microbiota transplantation restores favorable gut 
microbiota composition in patients with graft-versus-host disease. 
Biol Blood MarrowTransplant 2019; 25: 2316-2323. doi: 10.1016/j.
bbmt.2018.07.016.

32.	 Gray AN, DeFilipp Z. Fecal Microbiota Transplantation for Acute Graft-
versus-Host Disease after Allogeneic Hematopoietic Cell Transplantation: 
Expanding the Horizon into Pediatrics. Transplant Cell Ther 2023; 29:484-
491. doi: 10.1016/j.jtct.2023.05.007.

33.	 Vongsavath T, Rahmani R, Tun KM, Manne V. The use of fecal microbiota 
transplant in overcoming and modulating resistance to anti-PD-1 
therapy in patients with skin cancer. Cancers (Basel) 2024; 16: 499. doi: 
10.3390/cancers16030499.

34.	 Wang Y, Wiesnoski DH, Helmink BA, Gopalakrishnan V, Choi K, DuPont HL, 
et al. Fecal microbiota transplantation for refractory immune checkpoint 
inhibitor-associated colitis. Nat Med 2018; 24: 1804-1808. doi: 10.1038/
s41591-018-0238-9. Epub 2018 Nov 12. Erratum in: Nat Med 2019; 25: 188. 
doi: 10.1038/s41591-018-0305-2. 

35.	 Smits LP, Bouter KE, de Vos WM, Borody TJ, Nieuwdorp M. Therapeutic 
potential of fecal microbiota transplantation in the treatment of 
metabolic syndrome and its associated diseases. Microbiome. 2013; 1: 
14. doi: 10.1186/2049-2618-1-14.

36.	 Allegretti JR, Mullish BH, Kelly C, Fischer M. The evolution of the use of 
fecal microbiota transplantation and emerging therapeutic indications. 
Lancet 2019; 394: 420-431. doi: 10.1016/S0140-6736(19)31266-8.

37.	 Davar D, Dzutsev AK, McCulloch JA, Rodrigues RR, Chauvin JM, Morrison 
RM, et al. Fecal microbiota transplant overcomes resistance to anti-PD-1 
therapy in melanoma patients. Science 2021; 371: 595-602. doi: 10.1126/
science.abf3363. 

38.	 DeFilipp Z, Bloom PP, Torres Soto M, Mansour MK, Sater MRA, 
Huntley MH. Drug-resistant E. coli bacteremia transmitted by fecal 
microbiota transplant. N Engl J Med 2019; 381: 2043-2050. doi: 10.1056/
NEJMoa1910437.

39.	 Weingarden AR, Vaughn BP. Intestinal microbiota, fecal microbiota 
transplantation, and inflammatory bowel disease. Gut Microbes 2017; 8: 
238-252. doi: 10.1080/19490976.2017.1290757.

40.	 Smillie CS, Sauk J, Gevers D, Friedman J, Sung J, Youngster I, et al. Strain 
tracking reveals the determinants of bacterial engraftment in Fecal 
Microbiota Transplantation. Cell Host Microbe 2018; 23: 229-240.e5. doi: 
10.1016/j.chom.2018.01.003.

41.	 Cammarota G, Ianiro G, Kelly CR, Mullish BH, Allegretti JR, Kassam Z, 
et al. International consensus conference on stool banking for faecal 
microbiota transplantation in clinical practice. Gut 2019; 68: 2111-2121. 
doi: 10.1136/gutjnl-2019-319548.

4.	 Allegretti JR, Fischer M, Kassam Z, Barros LL, Sagstetter MR, Fedyshyn 
Y, et al. AGA clinical practice update on the role of fecal microbiota 
transplantation in clostridioides difficile infection: 2024 expert 
review. Gastroenterology 2024; 156: 1371-1381. doi: 10.1053/j.
gastro.2024.01.007.

5.	 Peery AF, Kelly CR, Kao D, Vaughn BP, Lebwohl B, Singh S, et al. AGA 
clinical practice guideline on fecal microbiota-based therapies for select 
gastrointestinal diseases. Gastroenterology 2024; 166: 409-434. doi: 
10.1053/j.gastro.2024.01.008.

6.	 Dutta D, Jafri F, Stuhr D, Knoll BM, Lim SH. A contemporary review of 
Clostridioides difficile infections in patients with haematologic diseases. 
J Intern Med 2021; 289: 293-308. doi: 10.1111/joim.13173.

7.	 Kelly CR, Allegretti JR. Gastroenterology and Clostridium difficile 
infection: past, present, and future. ClinInfectDis 2023; 77 (Suppl 6): 
S463-S470. doi: 10.1093/cid/ciad644. 

8.	 Tiwari P, Dwivedi R, Bansal M, Tripathi M, Dada R. Role of gut microbiota 
in neurological disorders and its therapeutic significance. J ClinMed 
2023; 12: 1650. doi: 10.3390/jcm12041650.

9.	 ClinicalTrials.gov. Search results: fecal microbiota transplantation. 
Available at: https: //www.clinicaltrials.gov/. Accessed on 7/3/2024.

10.	 Lozupone CA, Stombaugh JI, Gordon JI, Jansson JK, Knight R. Diversity, 
stability and resilience of the human gut microbiota. Nature 2012; 489: 
220-230. doi: 10.1038/nature11550.

11.	 Walker AW, Hoyles L. Human microbiome myths and misconceptions. 
NatMicrobiol 2023; 8: 1392-1396. doi: 10.1038/s41564-023-01426-7.

12.	 Backhed F, Ley RE, Sonnenburg JL, Peterson DA, Gordon JI. Host-
bacterial mutualism in the human intestine. Science 2005; 307: 1915-
1920. doi: 10.1126/science.1104816.

13.	 Qin J, Li R, Raes J,   Arumugam M, Burgdorf KS, Manichanh C, et al. A 
human gut microbial gene catalogue established by metagenomic 
sequencing. Nature 2010; 464: 59-65. doi: 10.1038/nature08821.

14.	 Hooper LV, Midtvedt T, Gordon JI. How host-microbial interactions shape 
the nutrient environment of the mammalian intestine. Annu Rev Nutr 
2002; 22: 283-307. doi: 10.1146/annurev.nutr.22.011602.092259.

15.	 Flint HJ, Scott KP, Duncan SH, Louis P, Forano E. Microbial degradation 
of complex carbohydrates in the gut. Gut Microbes 2012; 3: 289-306. doi: 
10.4161/gmic.19897.

16.	 Round JL, Mazmanian SK. The gut microbiota shapes intestinal immune 
responses during health and disease. NatRevImmunol 2009; 9: 313-323. 
doi: 10.1038/nri2515.

17.	 Ivanov II, Atarashi K, Manel N, Brodie EL, Shima T, Karaoz U, et al. 
Induction of intestinal Th17 cells by segmented filamentous bacteria. 
Cell 2009; 139: 485-498. doi: 10.1016/j.cell.2009.09.033.

18.	 Bry L, Falk PG, Midtvedt T, Gordon JI. A model of host-microbial 
interactions in an open mammalian ecosystem. Science 1996; 273: 1380-
1383. doi: 10.1126/science.273.5280.1380.

19.	 Xu J, Gordon JI. Honor thy symbionts. Proc Natl Acad Sci U S A 2003; 100: 
10452-10459. doi: 10.1073/pnas.1734063100.

20.	 Artis D. Epithelial-cell recognition of commensal bacteria and 
maintenance of immune homeostasis in the gut. Nat Rev Immunol 2008; 
8: 411-420. doi: 10.1038/nri2316.

21.	 Yadegar A, Bar-Yoseph H, Monaghan TM, Pakpour S, Severino A, Kuijper 
EJ, et al. Fecal microbiota transplantation: current challenges and 
future landscapes. Clin Microbiol Rev 2024; 37: e0006022. doi: 10.1128/
cmr.00060-22.

22.	 Kelly CR, Kahn S, Kashyap P, Laine L, Rubin D, Atreja A, et al. Update on 
fecal microbiota transplantation 2015: Indications, methodologies, 
mechanisms, and outlook. Gastroenterology 2015; 149: 223-237. doi: 
10.1053/j.gastro.2015.05.008.

23.	 Bassetti M, Cascio A, De Rosa FG, Meschiari M, Parrella R, Petrosillo N, 
Armuzzi A, et al. Management of Clostridioides difficile infection: an 
Italian Delphi consensus. J AntimicrobChemother 2024; 79: 2103-2118. 
doi: 10.1093/jac/dkae179.

24.	 Youngster I, Russell GH, Pindar C, Ziv-Baran T, Sauk J, Hohmann EL. 
Oral, capsulized, frozen fecal microbiota transplantation for relapsing 
Clostridium difficile infection. JAMA 2014; 312: 1772-1778. doi: 10.1001/
jama.2014.13875.

©SIM
TIP

RO Srl



9
Blood Transfus 2025;  doi: 10.2450/BloodTransfus.929

The role of  transfusion services in fecal microbiota transplants

42.	 Baunwall SMD, Terveer EM, Dahlerup JF, et al. The use of faecal microbiota 
transplantation (FMT) in Europe: a Europe-wide survey. Lancet Reg 
Health Eur 2021; 9: 100181. doi: 10.1016/j.lanepe.2021.100181.

43.	 Ianiro G, Porcari S, Bibbò S, Giambò F, Quaranta G, Masucci L, et al. Donor 
program for fecal microbiota transplantation: a 3-year experience of a 
large-volume Italian stool bank. DigLiverDis 2021; 53: 1428-1432. doi: 
10.1016/j.dld.2021.04.009.

44.	 Kassam Z, Dubois N, Ramakrishna B, Ling K, Qazi T, Smith M, et al. Donor 
screening for fecal microbiota transplantation. N Engl J Med 2019; 381: 
2070-2072. doi: 10.1056/NEJMc1913670.

45.	 Paramsothy S, Borody TJ, Lin E, Finlayson S, Walsh AJ, Samuel D, et al. Donor 
Recruitment for Fecal Microbiota Transplantation. Inflamm Bowel Dis 2015; 
21: 1600-1606. doi: 10.1097/MIB.0000000000000405. PMID: 26070003.

46.	 Terveer EM, Vendrik KE, Ooijevaar RE, Lingen EV, Boeije-Koppenol E, 
Nood EV, et al. Faecal microbiota transplantation for Clostridioides 
difficile infection: four years’ experience of the Netherlands Donor 
Feces Bank. United European Gastroenterol J 2020; 8: 1236-1247. doi: 
10.1177/2050640620957765.

47.	 European Union. Regulation (EU) 2024/1938 of the European Parliament 
and of the Council of 13  June 2024 on Standards of Quality and Safety 
for Substances of Human Origin intended for human application and 
repealing. Directives 2002/98/EC and 2004/23/EC. Available at: https://
eur-lex.europa.eu/eli/reg/2024/1938/oj. Accessed on: 20/07/2024.

48.	 National Transplant Center (CNT). [National program on human fecal 
microbiota transplant (FMT) – Clinical and organizational regulatory 
aspects]. 2020. Available at: https: //www.trapianti.salute.gov.it/
imgs/C_17_cntPubblicazioni_416_allegato.pdf. Accessed on 7/3/2024. 
[in Italian.]

49.	 Jørgensen SMD, Erikstrup C, Dinh KM, Lemming LE, Dahlerup JF, 
HvasCL. Recruitment of feces donors among blood donors: Results 
from an observational cohort study. Gut Microbes 2018; 9: 540-550. doi: 
10.1080/19490976.2018.1458179.

50.	 Hyde MK, Masser BM. Eligible blood donors’ decisions about donating 
stool for fecal microbiota transplantation: does ambivalence play a role? 
Transfusion 2021; 61: 474-483. doi: 10.1111/trf.16109.

51.	 Kragsnaes MS, Nilsson AC, Kjeldsen J, Holt HM, Rasmussen KF, Georgsen 
J,et al. How do I establish a stool bank for fecal microbiota transplantation 
within the blood- and tissue transplant service? Transfusion 2020; 60: 
1135-1141. doi: 10.1111/trf.15816.

52.	 Jørgensen SMD, Hvas CL, Dahlerup JF, Mikkelsen S, Ehlers L, Hammeken 
LH, et al. Banking feces: a new frontier for public blood banks? Transfusion 
2019; 59: 2776-2782. doi: 10.1111/trf.15422.

53.	 Hyde MK, Masser BM, Spears L. “Why don’t you want my poop?” Willing 
stool donor’s experiences of being ineligible to donate intestinal 
microbiota. Transfusion 2023; 63: 1916-1925. doi: 10.1111/trf.17516.

©SIM
TIP

RO Srl




