Downloaded from orbit.dtu.dk on: Nov 16, 2019

Banking feces: a new frontier for public blood banks?
a new frontier for public blood banks?
Jørgensen, Simon Mark Dahl; Hvas, Christian Lodberg; Dahlerup, Jens Frederik; Mikkelsen, Susan;
Ehlers, Lars; Hammeken, Lianna Hede; Licht, Tine Rask; Bahl, Martin Iain; Erikstrup, Christian
Published in:
Transfusion
Link to article, DOI:
10.1111/trf.15422
Publication date:
2019
Document Version
Publisher's PDF, also known as Version of record
Link back to DTU Orbit

Citation (APA):
Jørgensen, S. M. D., Hvas, C. L., Dahlerup, J. F., Mikkelsen, S., Ehlers, L., Hammeken, L. H., ... Erikstrup, C.
(2019). Banking feces: a new frontier for public blood banks? a new frontier for public blood banks? Transfusion,
59(9), 2776-2782. https://doi.org/10.1111/trf.15422

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
 Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
 You may not further distribute the material or use it for any profit-making activity or commercial gain
 You may freely distribute the URL identifying the publication in the public portal
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

HOW DO I?
Banking feces: a new frontier for public blood banks?
Simon Mark Dahl Jørgensen ,1 Christian Lodberg Hvas,1 Jens Frederik Dahlerup,1 Susan Mikkelsen,4
Lars Ehlers,2 Lianna Hede Hammeken,2 Tine Rask Licht,3 Martin Iain Bahl,3 and Christian Erikstrup4

Fecal microbiota transplantation (FMT) is an effective
treatment for recurrent Clostridioides difﬁcile infection
and is potentially beneﬁcial in other microbiota-related
disorders. The provision of FMT in routine clinical
practice requires an extensive infrastructure that is
reliant on voluntary donors. Alongside an increasing
demand for FMT, the logistic barriers of a large-scale
donor-dependent operation and the difﬁculties among
health authorities to regulate FMT limit the dissemination
of sustainable FMT services. Blood centers are large
organizations that handle a multitude of donordependent operations on a daily basis. Blood and feces
share many of the same dependencies, and feces may
present a new opportunity for the blood services to
handle. In this paper, we describe how an FMT service
may be established and embedded within the blood
service infrastructure, and we explain the beneﬁts of
using blood donors as feces donors. We further explore
the current indications of FMT, the challenges related to
the lack of legislation, and the future perspectives for
blood banks to meet a new and increasing demand.

F

ecal microbiota transplantation (FMT) is the transfer of an entire fecal microbial community from a
donor to a patient who has a disturbed or
depleted intestinal microbial ecosystem.1 The
technique has been known and practiced for centuries.
Records of crude FMT treatments date back to the fourth
century in China, where the consumption of a mixture of
fecal matter and water, referred to as “yellow soup,” was
used as a means to treat food poisoning and diarrhea.2,3 In
modern medicine, the ﬁrst successful FMTs were reported
in 1958 by Eiseman and coworkers,4 who treated four
patients with pseudomembranous colitis caused by
Clostridioides (formerly Clostridium) difﬁcile (CD), which
was unknown at that time. Since then, resolution rates of
70% to 90% following FMT for recurrent CD infection (rCDI)
have been consistently reported in both observational
studies5–9 and randomized trials.10–14
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During the past decade, the increased understanding of
the human intestinal microbiota and its role in health and
disease development have sparked a new interest in the use
of FMT. Disturbances of the gut microbiota have been associated with a range of extraintestinal disorders such as obesity, diabetes, and allergies.15,16 For disorders in which a
causal effect of the microbiota can be established, FMT
potentially offers a new treatment approach that, contrary to
antibiotic treatments, has a restorative intent.
The high success rate of FMT in treating rCDI has
prompted intense development of the treatment approach.
In recent years, the FMT procedure has undergone drastic
improvements, shifting from low-tech applications using
kitchen devices and fresh feces obtained from relatives to
capsules containing rigorously screened feces from healthy,
anonymous donors.17–19 While FMT procedures have been
developed and optimized, the widespread dissemination of
FMT to the broader public is limited by logistical barriers
and a struggle regarding the regulation of FMT by competent authorities.
A feasible solution to meet these challenges may be a
collaboration with national blood centers. Today, blood service organizations are large and complex organizations that
handle blood donor recruitment, blood donation, and product processing, testing, and release. They thereby secure the
blood components needed for lifesaving transfusions for millions of patients each year. Globally, an estimated 112.5 million transfusions take place each year.20 The transfusion of
safe blood to patients is a necessary component of a modern
health care system, and a multitude of other treatments
depend on this process. Less than 100 years ago, blood donation and transfusion started out as initiatives driven by
pioneering doctors and altruistic volunteers.21 Similarly, this
is where FMT is today, with individual initiatives driven by a
few physicians. We point out that both the regulatory framework and the principles of practice used by existing blood
service organizations are readily applicable to FMT services.
In the present paper, we report our experiences with
establishing an FMT service developed with the blood service
infrastructure. We focus on the steps involved in recruiting
and screening feces donors to produce ready-to-use fecal
suspensions. We describe the challenges related to the lack
of legislation and the future perspectives for blood banks to
meet a new and increasing demand for fecal transplantation.

resolution rates ranging from 70% to 90%.10–14 As a result,
European and US clinical guidelines now recommend FMT
as a second-line treatment for rCDI.22,23
The growing appreciation for FMT as a potential treatment for intestinal microbiota disruption has generated an
increased interest in FMT for the treatment of other
microbiota-sensitive diseases. Numerous clinical trials are currently investigating FMT for other indications such as inﬂammatory bowel diseases,24–26 irritable bowel syndrome,27–29
hepatic encephalopathy,30 metabolic syndrome,31,32 graftversus-host disease,33 and multidrug-resistant infections.34
Despite promising results, the current evidence for the therapeutic effect of FMT on these conditions is weak or contradictory. The long-term effects of FMT are sparsely described, and
adverse events are underreported.35,36
The mode of action of FMT remains elusive. Most of
our knowledge comes from studies of patients with rCDI,
where gut physiology normalization and symptom resolution occurs within days of the procedure.37 FMT drives a
variable engraftment of a donor-like bacterial community
that, however, does not necessarily determine the treatment
response.38 Well-deﬁned bacterial cocktails may be successfully applied for the treatment of rCDI,39 but the effect may
rely on speciﬁc properties, such as bile salt hydrolase activity, shared by groups of bacteria rather than the presence or
absence of speciﬁc strains.40 Regarding other diseases such
as inﬂammatory bowel disease, irritable bowel syndrome,
hepatic encephalopathy, or graft-versus-host disease, which
all have less well-deﬁned underlying etiologies, the composition of the transplanted microbes or the requirements for
speciﬁc strains may differ from those associated with the
treatment of rCDI. The intriguing ﬁnding that sterileﬁltrated fecal water is effective for rCDI41 suggests that
nonbacterial substances, such as metabolites, host factors,
or bacteriophages, contribute to the therapeutic effect.42
Recent studies identiﬁed bacterial metabolites, such as the
short-chain fatty acid valerate, as important key factors for
understanding the mode of action of FMT.43 Taken together,
the determinants for successful FMT are numerous and are
not restricted to the action of live intestinal bacteria. The
studies highlight the complexities through which FMT
exerts its modes of action.

INFRASTRUCTURE OF AN FMT SERVICE
INDICATIONS AND MODE OF ACTION
FOR FMT
The main indication for FMT is rCDI, refractory to the
standard treatment with metronidazole, vancomycin, or
ﬁdaxomicin.22,23 The clinical symptoms of rCDI range from
persistent diarrhea to life-threatening pseudomembranous
colitis with megacolon. In several clinical trials, FMT has
proved superior to antibiotics for the treatment of rCDI with

An FMT service may be divided into three overall components: 1) donor recruitment and screening, 2) laboratory
processing, and 3) clinical application. These components
greatly resemble the infrastructure needed to collect, process, and provide other donor-dependent products such as
blood, plasma, stem cells, and sperm. In the following section, we describe the steps needed to produce a ready-touse fecal suspension compliant with the European Tissue
and Cells Directive (EUTCD).19,44
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Donor recruitment with baseline characteristics and
prescreening
An FMT service greatly depends on access to healthy
donors. A sustained effort to recruit donors is necessary and
represents two related challenges: accessing enough potential donors and selecting only the healthy donors. We do
not know exactly what constitutes a healthy intestinal
microbiota. Prior studies that investigated the effects of
FMT mostly recruited healthy, normal-weight donors who
met several health-related criteria, such as the absence of
chronic diseases, allergies, high-risk behavior, depression,
family history of malignancy, and use of medication.10,12,17

Donor screening
Given the potential implications of transferring pathogenic
microorganisms, a cautious approach to screening has been
applied in most studies and guidelines.1,45–48 This is analogous with the procedures employed by blood service organizations and emphasizes the need for voluntary
(i.e., unpaid) donations. Since the emergence of the HIV
epidemic in the 1980s and the unforeseen transmission of
HIV to recipients through blood or plasma-derived
products,49 the precautionary principle has been applied to
new and emerging potential threats to blood safety. The
precautionary principle aims to ensure that potential risks
to blood safety are mitigated by either the deferral of donors
(e.g., based on symptoms or travel history) through screening or by pathogen inactivation. While the precautionary
principle has helped to reduce the risk of transfusiontransmitted infectious diseases to very low levels in most
high-income countries, avoiding unnecessary criteria and
testing that reduces the number of eligible donors is also
necessary. Because of the very low speciﬁcity of several
deferral criteria, the cost per quality-adjusted life year
gained is high for many of the criteria.50 For FMT, we still
know little about the optimal criteria and screening targets.
Consequently, all donors are screened for infections and
noninfectious diseases with an extensive panel that includes
blood and fecal tests as well as health questionnaires
(Table SS1, available as supporting information in the
online version of this paper).1,17,47,51 The risk of falsepositive test results is high, and the number of eligible
donors is reduced with an increase in screening parameters.
Papers that describe the recruitment and screening of FMT
donors report overall eligibility rates of 3%, which makes
donor recruitment an important limiting factor in FMT
operations.46,52 Eligible feces donors are tested repeatedly,
and, as with blood, their donations are quarantined until all
postdonation screening results have been approved.

to 8 hours before any detectable changes occur.53 Accordingly, home donations should preferably be delivered to the
FMT institution within 2 hours to ensure microbial viability
and quality while giving the time for the processing.19
Before being applicable for clinical use, the feces must
undergo a series of processing steps that preserve the
microbiota and render a uniform, ready-to-use fecal suspension. The methods differ according to the intended
administration form, but the processing principles are similar; the fecal sample is ﬁrst diluted in saline, homogenized,
and crude-ﬁltered; then cryoprotectant glycerol or branched
carbohydrates are added. The fecal suspensions are then
dispersed into containers or capsules and stored at −80 C
until use. Overall, the processing aims to preserve a fecal
microbiota composition similar to that of the crude,
unprocessed feces. Although the effects of each handling
step on factors such as viability and bacterial composition
are unknown, cryopreservation does not affect the clinical
efﬁcacy of FMT in patients with rCDI.54 On the day of clinical application, the frozen suspension is thawed before use.
The suspension is linked to the recipient in a database, and
the ﬁnal package is then delivered at the clinical ward for
administration.

Clinical application
Fecal microbiota transplantation may be applied to either
the upper or the lower gastrointestinal tract. For the upper
tract, FMT may be administered by nasojejunal tube insertion, gastroscopy, or acid-resistant capsules. For the lower
gastrointestinal tract, FMT may be administered by colonoscopy, sigmoidoscopy, or retention enemas. Colonoscopy is
regarded as the gold standard,55 but the clear beneﬁts of an
encapsulated FMT, which can be ingested by the patient
without the requirement for bowel lavage or hospitalization,
make this the most practical mode of application. As an
adjuvant treatment option to FMT, preceding bowel lavage
may be used to facilitate the passing of the residual gut
microbiota thereby reducing the recipient’s microbial
load.56
Implementing an FMT service in clinical practice is
time consuming and requires signiﬁcant resources. Given
these practical implications, stool banks across the United
States, Europe, and Asia have been formed to meet the
increasing demand for fecal donations.46 Stool banks recruit
and screen donors, process the donations, and deliver a
standardized feces suspension ready for clinical use. This
offers clinical institutions an easy option to routinely
perform FMT.

Traceability and quality control
Laboratory processing
Feces donors either produce fecal products at home or at
facilities provided by the FMT institution. When kept cooled
at 4 C, the fecal microbial community remains stable for up
2778 TRANSFUSION Volume 59, September 2019
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administration, measures should be taken to ensure highquality standards and complete traceability. These measures
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include the proper education of staff, the validation of laboratory procedures and equipment, and the recording of all
essential information throughout all of the steps. Core data
from the donation sample, results from sample testing and
processing and the link to the recipient should be retained
for 30 years to ensure traceability.44 Ideally, the requirements for quality control should be ensured by regulation
and inspection by the health authorities as elaborated
below.

FECAL MICROBIOTA TRANSPLANTATION:
A REGULATORY STRUGGLE
To assure a high level of safety and quality, the regulation of
FMT and its related procedures by competent authorities is
pivotal.
The regulation of FMT remains controversial and varies
from nonexistent to very strict among countries. Since July
2016, in the United States, the US Food and Drug Administration (FDA) has regulated FMT as an investigational new
drug (IND) with a legal exception applying to hospital physicians who treat patients with rCDI refractory to standard
treatment.57,58 To perform FMT for diseases other than
rCDI, institutions are required to submit an IND application. This poses a marked limitation to the clinical and scientiﬁc application of FMT. The enforcement exception for
FMT for rCDI form the sole regulatory framework for US
FMT institutions to operate within. In Europe, the European
Commission has taken the position that feces are
uncontestably a tissue, but it does not naturally fall under
the EUTCD.59 Accordingly, the competent authorities have
avoided common European deﬁnitions, leaving the regulation to be managed at a national enforcement level. Member states are free to create speciﬁc regulatory frameworks
or apply existing regulatory frameworks, such as national
requirements for tissue and cell transplantation.59 Consequently, this leaves FMT largely unregulated in many
European countries. In countries where speciﬁc legislation
has been adopted, FMT is regulated as either a tissue or
a drug.
The regulatory controversy revolves around whether
feces are of nonhuman origin and therefore considered a
drug or of human origin and therefore considered a tissue.
The EUTCD committee recognizes that feces fulﬁll the
criteria of being a tissue, but because the active substances
in feces, that is, microbes and their products, are of nonhuman origin, they argue that feces cannot be covered by
the EUTCD.59 This view, however, may prove too narrow.
The human microbiota has evolved over millions of years
through coexistence with humans and is highly speciﬁc to
the individual; therefore, it can easily be argued that the
microbiota constitutes an integral part of the human body.
In addition to microorganisms, epithelial cells shed from
the gastrointestinal tract lining as well as immunoglobulins
and metabolites are present in feces.60 If and how these

constituents contribute to the clinical effects of FMT is
unknown, but it remains clear that they are also transferred
during an FMT.60
Regulating FMT as a drug addresses the demand for
safety, but the strict requirements for a reproducible product consistent in all its substances, which is inherent in drug
legislation, is a requirement that donor microbiota cannot
fulﬁll because of their individual and variable nature. The
current drug legislation provides no legal basis to cover
donor-related aspects or long-term traceability. The safety
of FMT highly depends on the selection and screening of
the donor because no standardization of the product exists
and because pathogen reduction, such as that used for
plasma-derived products, is inherently impossible for
FMT products. Thus, for a single-donor procedure with
unprocessed donor feces, drug legislation does not meet the
key requirements for regulation.
Classifying FMT as a tissue would result in regulation
allowing a variable product and would also cover the activities related to obtaining the product, as described above.
This also applies at the organizational level, imposing
requirements for donor selection, safe handling, documentation, and long-term traceability.
Depending on the organizational and ﬁnancial structures of national health care systems, different countries
may need to apply FMT regulations differently. Regulatory
frameworks designed to ﬁt, for example, the Scandinavian
welfare model with public hospitals and free access to hospital services without charge to citizens would not work in
countries with privately owned hospitals where patients pay
out of pocket for hospital services. This renders the US IND
model, which is necessary in a “for-proﬁt” system, unﬁt in
areas such as Scandinavia. To accommodate these differences, different approaches, such as those used for blood
products, may be needed to sufﬁciently secure FMT for
patients in different countries.

THE BLOOD SERVICE INFRASTRUCTURE
AS A SUPERIOR PLATFORM
The requirements for an effective feces bank infrastructure
parallel those of a blood service infrastructure. Blood service
organizations handle donor recruitment and blood prescreening and screening, donation collection, processing,
release, and storage. Adding stool collection to the blood
service infrastructure may present a new opportunity for
blood banks that already have well-established procedures,
such as inspections on a regular basis from the health
authorities.
Blood donors are a highly speciﬁc group of healthy
people who have already volunteered to donate blood to
help other human beings; therefore, they are more likely to
volunteer and be eligible for feces donations. In a previous
study, we found that 88% of blood donors who were asked
to become feces donors were willing to do so.47 Notably, we
Volume 59, September 2019 TRANSFUSION 2779
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also demonstrated that blood donors had an approximately
20% eligibility rate,47 which was high compared with rates
reported from other settings where feces donors were recruited outside of blood banks.52 In general, most screened
participants fail the screenings due to the age criteria, high
body mass index, and allergies.45,47,52 The main determinants of a high blood donor eligibility rate are their willingness to become feces donors, the absence of risk factors,
and a low failure rate during the feces screening.47 (For
screening criteria, see Table S1). In practice, the recruitment
process among blood donors ensures a scalable ﬂow of
healthy feces donors to meet the clinical demand for FMT.
With the blood bank infrastructure, FMT is scalable. Currently, FMT institutions operate within limits imposed by practical and economic barriers, and there is a strong economic
argument (economies of scale and scope) for aligning FMT
services with current blood bank organizations.

PERSPECTIVE
In this paper, we argue that existing blood services possess
most of the infrastructure necessary to run and maintain a
high-capacity FMT service. Currently, without appropriate
legislation, FMT stands as a highly effective treatment caught
in a regulatory dispute. Agreement on an applicable regulatory framework is imminent, but the continuous development of microbiota-based therapies makes it difﬁcult for
authorities to determine the most appropriate legislation.
Regulation by competent authorities should mainly ensure a
high degree of safety. At the same time, ﬂexibility is required
to ensure patient access to effective treatments, continuing
innovation, and the investigation of new ideas. A European
consensus that FMT is best regulated as a tissue transfer is
emerging.46,61,62 While tissue transfer regulation may apply to
unprocessed, donor-speciﬁc, cryopreserved feces, the manipulation or standardization of feces into a well-deﬁned substance makes the resulting product ideal for the drug
legislation.44 At the current stage, where we speculate that
the combination of several different components ensures
the high success rate of the treatment against CD infection,
there is an urgent need to regulate the procedure under the
tissue and cells legislation. If effective treatments based on
well-deﬁned and controlled preparations of bacteria, bacteriophages, bacterial metabolites, or immune system components become available, such treatments should be regulated
under drug legislation. Currently, a clear regulatory deﬁnition
of when tissue becomes a drug is crucial.
With an estimated 700,000 cases of CD infection annually in Europe and the United States,63 FMT is an emerging
therapy with the potential to become routine practice. Fulﬁlling a demand of this scale requires an extensive and robust
infrastructure. Blood service organizations are suitable to perform the recruitment, prescreening, and screening of donors,
as well as the processing and storage of the products. We
2780 TRANSFUSION Volume 59, September 2019

have developed an effective FMT service through a fruitful
collaboration between the blood service center and the
department of hepatology and gastroenterology, assuring a
high level of safety; therefore, we propose that FMT may represent a new frontier for blood banks.

ACKNOWLEDGMENTS
The authors thank the feces donors from the public blood center at
Aarhus University Hospital, Denmark.

CONFLICT OF INTEREST
The authors have disclosed no conﬂicts of interest.

REFERENCES
1. Konig J, Siebenhaar A, Hogenauer C, et al. Consensus report:
faecal microbiota transfer - clinical applications and procedures. Aliment Pharmacol Ther 2017;45:222-39.
2. Shi YC, Yang YS. Fecal microbiota transplantation: current
status and challenges in China. JGH Open 2018;2:114-6.
3. Zhang F, Luo W, Shi Y, et al. Should we standardize the
1,700-year-old fecal microbiota transplantation?
Am J Gastroenterol 2012;107:1755 author reply p. 6.
4. Eiseman B, Silen W, Bascom GS, et al. Fecal enema as an
adjunct in the treatment of pseudomembranous enterocolitis.
Surgery 1958;44:854-9.
5. Brandt LJ, Aroniadis OC, Mellow M, et al. Long-term follow-up
of colonoscopic fecal microbiota transplant for recurrent Clostridium difﬁcile infection. Am J Gastroenterol 2012;107:1079-87.
6. Kelly CR, de Leon L, Jasutkar N. Fecal microbiota transplantation for relapsing Clostridium difﬁcile infection in 26 patients:
methodology and results. J Clin Gastroenterol 2012;46:145-9.
7. Mattila E, Uusitalo-Seppala R, Wuorela M, et al. Fecal transplantation, through colonoscopy, is effective therapy for recurrent Clostridium difﬁcile infection. Gastroenterology 2012;142:
490-6.
8. Rubin TA, Gessert CE, Aas J, et al. Fecal microbiome transplantation for recurrent Clostridium difﬁcile infection: report on a
case series. Anaerobe 2013;19:22-6.
9. Youngster I, Sauk J, Pindar C, et al. Fecal microbiota transplant
for relapsing Clostridium difﬁcile infection using a frozen inoculum from unrelated donors: a randomized, open-label, controlled pilot study. Clin Infect Dis 2014;58:1515-22.
10. van Nood E, Vrieze A, Nieuwdorp M, et al. Duodenal infusion
of donor feces for recurrent Clostridium difﬁcile. N Engl J Med
2013;368:407-15.
11. Cammarota G, Masucci L, Ianiro G, et al. Randomised clinical
trial: faecal microbiota transplantation by colonoscopy
vs. vancomycin for the treatment of recurrent Clostridium
difﬁcile infection. Aliment Pharmacol Ther 2015;41:835-43.
12. Kelly CR, Khoruts A, Staley C, et al. Effect of fecal microbiota
transplantation on recurrence in multiply recurrent Clostridium

FECES BANKING

difﬁcile infection: a randomized trial. Ann Intern Med 2016;165:
609-16.
13. Jiang ZD, Ajami NJ, Petrosino JF, et al. Randomised clinical
trial: faecal microbiota transplantation for recurrent Clostridium difﬁcile infection - fresh, or frozen, or lyophilised microbiota from a small pool of healthy donors delivered by
colonoscopy. Aliment Pharmacol Ther 2017;45:899-908.
14. Hvas CL, Jørgensen SMD, Jørgensen SP, et al. Fecal microbiota
transplantation is superior to ﬁdaxomicin for treatment of
recurrent Clostridium difﬁcile infection. Gastroenterology 2019;
156:1324-32.
15. Smits LP, Bouter KE, de Vos WM, et al. Therapeutic potential of
fecal microbiota transplantation. Gastroenterology 2013;145:946-53.
16. Scheithauer TP, Dallinga-Thie GM, de Vos WM, et al. Causality
of small and large intestinal microbiota in weight regulation
and insulin resistance. Mol Metab 2016;5:759-70.
17. Bakken JS, Borody T, Brandt LJ, et al. Treating Clostridium difﬁcile infection with fecal microbiota transplantation. Clin
Gastroenterol Hepatol 2011;9:1044-9.
18. Costello SP, Tucker EC, La Brooy J, et al. Establishing a fecal
microbiota transplant service for the treatment of Clostridium
difﬁcile infection. Clin Infect Dis 2016;62:908-14.
19. Jørgensen SMD, Hansen MM, Erikstrup C, et al. Faecal microbiota transplantation: establishment of a clinical application
framework. Eur J Gastroenterol Hepatol 2017;29:36-45.
20. WHO. 10 facts on blood transfusion. World Health Organisation 2017 [cited 2019 March 24]. Available from: https://www.

bowel syndrome: a double-blind, randomised, placebocontrolled, parallel-group, single-centre trial. Lancet
Gastroenterol Hepatol 2018;3:17-24.
29. Holster S, Lindqvist CM, Repsilber D, et al. The effect of allogenic versus autologous fecal microbiota transfer on symptoms, visceral perception and fecal and mucosal microbiota in
irritable bowel syndrome: a randomized controlled study. Clin
Transl Gastroenterol 2019;10:e00034.
30. Bajaj JS, Kassam Z, Fagan A, et al. Fecal microbiota transplant
from a rational stool donor improves hepatic encephalopathy:
a randomized clinical trial. Hepatology 2017;66:1727-38.
31. Vrieze A, Van Nood E, Holleman F, et al. Transfer of intestinal
microbiota from lean donors increases insulin sensitivity in
individuals with metabolic syndrome. Gastroenterology 2012;
143:913-6.e7.
32. Kootte RS, Levin E, Salojarvi J, et al. Improvement of insulin
sensitivity after lean donor feces in metabolic syndrome is
driven by baseline intestinal microbiota composition. Cell
Metab 2017;26:611-9.e6.
33. Kakihana K, Fujioka Y, Suda W, et al. Fecal microbiota transplantation for patients with steroid-resistant acute graft-versushost disease of the gut. Blood 2016;128:2083-8.
34. Singh R, de Groot PF, Geerlings SE, et al. Fecal microbiota
transplantation against intestinal colonization by extended
spectrum beta-lactamase producing enterobacteriaceae: a
proof of principle study. BMC Res Notes 2018;11:190.
35. Baxter M, Colville A. Adverse events in faecal microbiota

who.int/features/factﬁles/blood_transfusion/en/.
21. Stansbury LG, Hess JR. The 100th anniversary of the ﬁrst blood

transplant: a review of the literature. J Hosp Infect 2016;92:117-27.
36. Wang S, Xu M, Wang W, et al. Systematic review: adverse events

bank. Transfusion 2017;57:2562-3.
22. McDonald LC, Gerding DN, Johnson S, et al. Clinical practice

of fecal microbiota transplantation. PLoS One 2016;11:e0161174.
37. Khoruts A, Sadowsky MJ. Understanding the mechanisms of

guidelines for Clostridium difﬁcile infection in adults and children: 2017 update by the Infectious Diseases Society of
America (IDSA) and Society for Healthcare Epidemiology of
America (SHEA). Clin Infect Dis 2018;66:987-94.
23. Ooijevaar RE, van Beurden YH, Terveer EM, et al. Update of
treatment algorithms for Clostridium difﬁcile infection. Clin
Microbiol Infect 2018;24:452-62.
24. Moayyedi P, Surette MG, Kim PT, et al. Fecal microbiota transplantation induces remission in patients with active ulcerative
colitis in a randomized controlled trial. Gastroenterology 2015;
149:102-9.
25. Rossen NG, Fuentes S, van der Spek MJ, et al. Findings rom a
randomized controlled trial of fecal transplantation for patients
with ulcerative colitis. Gastroenterology 2015;149:110-8.
26. Paramsothy S, Kamm MA, Kaakoush NO, et al. Multidonor
intensive faecal microbiota transplantation for active ulcerative
colitis: a randomised placebo-controlled trial. Lancet 2017;389:
1218-28.
27. Halkjaer SI, Christensen AH, Lo BZS, et al. Faecal microbiota
transplantation alters gut microbiota in patients with irritable
bowel syndrome: results from a randomised, double-blind
placebo-controlled study. Gut 2018;67:2107-15.
28. Johnsen PH, Hilpusch F, Cavanagh JP, et al. Faecal microbiota
transplantation versus placebo for moderate-to-severe irritable

faecal microbiota transplantation. Nat Rev Gastroenterol
Hepatol 2016;13:508-16.
38. Khanna S, Vazquez-Baeza Y, Gonzalez A, et al. Changes in
microbial ecology after fecal microbiota transplantation for
recurrent C. difﬁcile infection affected by underlying inﬂammatory bowel disease. Microbiome 2017;5:1-8.
39. Tvede M, Tinggaard M, Helms M. Rectal bacteriotherapy for
recurrent Clostridium difﬁcile-associated diarrhoea: results
from a case series of 55 patients in Denmark 2000-2012. Clin
Microbiol Infect 2015;21:48-53.
40. Mullish BH, McDonald JAK, Pechlivanis A, et al. Microbial bile
salt hydrolases mediate the efﬁcacy of faecal microbiota transplant in the treatment of recurrent Clostridioides difﬁcile infection. Gut ;2019 gutjnl-2018-317842. [Epub ahead of print].
41. Ott SJ, Waetzig GH, Rehman A, et al. Efﬁcacy of sterile fecal ﬁltrate transfer for treating patients with Clostridium difﬁcile
infection. Gastroenterology 2017;152:799-811.
42. Zuo T, Wong SH, Lam K, et al. Bacteriophage transfer during
faecal microbiota transplantation in Clostridium difﬁcile infection is associated with treatment outcome. Gut 2018;67:634-43.
43. McDonald JAK, Mullish BH, Pechlivanis A, et al. Inhibiting
growth of Clostridioides difﬁcile by restoring valerate, produced by the intestinal microbiota. Gastroenterology 2018;155:
1495-507.e15.
Volume 59, September 2019 TRANSFUSION 2781

JØRGENSEN ET AL.

44. European Union. Directive 2004/23/ec of the European Parliament and of the Council of 31 March 2004 on setting standards

56. Jalanka J, Salonen A, Salojarvi J, et al. Effects of bowel
cleansing on the intestinal microbiota. Gut 2015;64:1562-8.

of quality and safety for the donation, procurement, testing,

57. US Food and Drug Administration. Guidance for industry:

processing, preservation, storage and distribution of human tissues and cells. 2004 [cited 2019 March 24]. Available from:

enforcement policy regarding investigational new drug requirements for use of fecal microbiota for transplantation to treat

https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:

Clostridium difﬁcile infection not responsive to standard thera-

2004:102:0048:0058:en:PDF.
45. Paramsothy S, Borody TJ, Lin E, et al. Donor recruitment for fecal
microbiota transplantation. Inﬂamm Bowel Dis 2015;21:1600-6.
46. Terveer EM, van Beurden YH, Goorhuis A, et al. How to: establish and run a stool bank. Clin Microbiol Infect 2017;23:924-30.
47. Jørgensen SMD, Erikstrup C, Dinh KM, et al. Recruitment of
feces donors among blood donors: results from an observational cohort study. Gut Microbes 2018;9:540-50.
48. Mullish BH, Quraishi MN, Segal JP, et al. The use of faecal
microbiota transplant as treatment for recurrent or refractory
Clostridium difﬁcile infection and other potential indications:
joint British Society of Gastroenterology (BSG) and Healthcare
Infection Society (HIS) guidelines. Gut 2018;67:1920-41.
49. Ammann AJ, Cowan MJ, Wara DW, et al. Acquired immunodeﬁciency in an infant: possible transmission by means of blood
products. Lancet 1983;1:956-8.
50. de Kort W, van den Burg P, Geerligs H, et al. Cost-effectiveness
of questionnaires in preventing transfusion-transmitted infections. Transfusion 2014;54:879-88.
51. Cammarota G, Ianiro G, Tilg H, et al. European consensus conference on faecal microbiota transplantation in clinical prac-

pies. [cited 2019 March 24]. Available from: https://www.fda.
gov/downloads/BiologicsBloodVaccines/GuidanceCompliance
RegulatoryInformation/Guidances/Vaccines/UCM361393.pdf.
58. US Food and Drug Administration. Enforcement policy regarding investigational new drug requirements for use of fecal
microbiota for transplantation to treat Clostridium difﬁcile
infection not responsive to standard therapies; draft guidance
for industry. 2016 [cited 2019 March 24]. Available from:
https://www.federalregister.gov/documents/2016/03/01/201604372/enforcement-policy-regarding-investigational-new-drugrequirements-for-use-of-fecal-microbiota-for.
59. European Union. Competent Authorities on Substances of
Human Origin Expert Group (CASoHO E01718), meeting of the
competent authorities for tissues and cells, 3-4 December
2014. Summary Report. 2015 [cited 2019 March 24]. Available
from: https://ec.europa.eu/health/sites/health/ﬁles/blood_
tissues_organs/docs/ev_20141203_sr_en.pdf.
60. Bojanova DP, Bordenstein SR. Fecal transplants: what is being
transferred? PLoS Biol 2016;14:e1002503.
61. Hoffmann D, Palumbo F, Ravel J, et al. Improving regulation of
microbiota transplants. Science 2017;358:1390-1.

tice. Gut 2017;66:569-80.
52. Kazerouni A, Burgess J, Burns LJ, et al. Optimal screening and

62. Hoffmann DE, Palumbo FB, Ravel J, et al. A proposed deﬁnition of microbiota transplantation for regulatory purposes. Gut

donor management in a public stool bank. Microbiome 2015;
3:75.

Microbes 2017;8:208-13.
63. Verbeke F, Janssens Y, Wynendaele E, et al. Faecal microbiota

53. Ott SJ, Musfeldt M, Timmis KN, et al. In vitro alterations of
intestinal bacterial microbiota in fecal samples during storage.
Diagn Microbiol Infect Dis 2004;50:237-45.

transplantation: a regulatory hurdle? BMC Gastroenterol 2017;
17:128.

54. Lee CH, Steiner T, Petrof EO, et al. Frozen vs fresh
fecal microbiota transplantation and clinical resolution
of diarrhea in patients with recurrent Clostridium difﬁcile
infection: a randomized clinical trial. JAMA 2016;315:142-9.
55. Kelly CR, Kahn S, Kashyap P, et al. Update on fecal microbiota
transplantation 2015: indications, methodologies, mechanisms,
and outlook. Gastroenterology 2015;149:223-37.

2782 TRANSFUSION Volume 59, September 2019

SUPPORTING INFORMATION
Additional Supporting Information may be found in the
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