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ABSTRACT Fecal microbiota transplantation is an efficacious and inexpensive ther-
apy for recurrent Clostridium difficile infection, yet its safety is thought to depend on
appropriate fecal donor screening. FDA guidance for regulation of this procedure is
in flux, but screening and manufacture of fecal material from asymptomatic donors
present many challenges to clinical laboratories. This minireview summarizes FDA
regulatory changes, principles of donor selection, and recommended laboratory
screening practices for fecal microbiota transplantation.
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he intestinal microbiota is composed of a diverse array of microorganisms that play

a vital role in metabolism, immune function, and gut homeostasis (1, 2). Dysbiosis,
or abnormal alterations in intestinal microbiotal composition or diversity, has been
implicated in a range of diseases, including Clostridium difficile infection (CDI), inflam-
matory bowel disease (IBD), and irritable bowel syndrome (IBS). Recently, there has
been rapid expansion in interest for microbiotal enrichment as a treatment for disease
or means to improve health, chiefly through transplantation of screened and processed
fecal material from a healthy donor to a patient. However, regulation of this process is
in transition, and there is variation in donor screening practices, which can present
challenges to microbiology laboratories.

Prior to the ability to culture for C. difficile, fecal microbiota transplantation (FMT)
was occasionally used in humans to treat enterocolitis that was presumed to be due to
Staphylococcus species (3). FMT may have therapeutic utility for other conditions linked
with changes in gut microbiota, such as obesity, diabetes, atherosclerosis, colon cancer,
and nonalcoholic fatty liver disease (4). However, FMT is presently best understood as
a safe and highly effective therapy for recurrent Clostridium difficile infection (RCDI),
which is commonly defined as 3 or more episodes of mild to moderate CDI or 2
episodes resulting in hospitalization (5).

Over the last decade, the prevalence, severity and mortality of CDI and RCDI have
been increasing (6). The annual cost of CDI in the United States has been estimated at
$4.8 billion to acute-care centers in 2008 U.S. dollars, and the epidemiologic burden of
disease in the United States in 2011 was estimated to include 434,000 infections and
29,000 deaths in 2011 (6, 7). A subsequent analysis of RCDI costs from 2013 suggested
a CDl-associated cost of $34,104 per patient and a national estimate of $2.8 billion in
2013 dollars for RCDI alone (8). FMT has emerged as a highly effective and inexpensive
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therapeutic option for RCDI, with mean cure rates of around 90% (9-13). Given the
numerous and potentially unrecognized functions of gut microbiota, the risk of trans-
mission of diseases from a donor to recipient mandate the optimization of donor
selection and screening for potentially transmissible infections and other conditions
associated with gut microbiotal function. Here, we review the background of the U.S.
Food and Drug Administration (FDA) regulation of FMT as well as FMT donor selection
and laboratory screening recommendations.

STOOL BANKS AND FOOD AND DRUG ADMINISTRATION REGULATION OF FECAL
TRANSPLANTATION

In May 2013, the FDA announced that FMT would be regulated as an investigational
new drug (IND) due to its use for the treatment of disease and the absence of large
randomized control studies supporting its efficacy and safety (4, 14). Subsequently, the
U.S. Center for Biologics Evaluation and Research within the FDA classified human feces
as a biologic agent and drug (15). This decision was met with concerns from physicians
and patients that requiring an IND would impede access to this therapy (16). Later, in
July 2013, the FDA amended its statement to instead exercise enforcement discretion.
This decision allowed physicians to provide FMT to patients specifically for RCDI
unresponsive to other treatments without an IND application, provided patients gave
informed consent (17). The FDA maintains that the enforcement discretion policy does
not apply to other uses of FMT, including research or treatment of conditions other
than RCDI (14). In the same month, the presidents of the Infectious Diseases Society of
America (IDSA), American Society for Gastrointestinal Endoscopy (ASGE), North Amer-
ican Society for Pediatric Gastroenterology (NASPG), Hepatology and Nutrition
(NASPGHAN), American Gastroenterological Association (AGA), and American College
of Gastroenterology (ACG) issued consensus guidance for FMT donor health and stool
screening in an open letter to the FDA (18). This joint society consensus guidance built
on prior recommendations from the FMT workgroup (5).

The FDA and 2013 joint professional society consensus recommendations have
suggested that fecal donors should be known to the recipient or treating physician (14,
18). However, since that time, use of banked stool for FMT (a case in which stool donors
are never known to the patient) has become increasingly common in research and
clinical practice settings. The logistical benefits of stool banking have led some insti-
tutions to organize internal programs for donor recruitment and screening and stool
testing and inventory. Yet, the barriers to the development of internal banking pro-
grams are not trivial, since the process requires significant resources, administrative
buy-in, and coordination among clinical and laboratory areas. Perhaps due to these
barriers, stool from donors unknown to patients or physicians is often sourced through
independent stool banks operating separately from the point of care. While one such
independent stool bank, OpenBiome (www.openbiome.org), operates as a nonprofit, a
number of for-profit enterprises have also been founded which are developing
microbiome-based therapeutics. Since 2013, the FDA has periodically issued draft
guidance suggesting that it is considering whether or not independent stool banks
should be required to produce an IND application for all indications, including RCDI,
which could have significant impacts on patient access to FMT.

In March 2014, the FDA issued draft guidance for public comment recommending
that stool donors be known to either the patient or treating physician and requiring
stool banking organizations to obtain IND approval from the FDA when distributing
universal donor material for clinical or research purposes (4, 16). However, this draft
guidance was not issued as a rule. More recently, in March 2016, the FDA issued
updated draft guidance raising additional concerns about independent stool banks.
The FDA noted that manufacturing of FMT product by a stool bank (defined “as an
establishment that collects, prepares, and stores FMT product for distribution to other
establishments, health care providers, or other entities for use in patient therapy or
clinical research”) presents specific safety concerns by using a limited number of donors
of stool administered for multiple recipients (19). Notably, hospital laboratories were
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specifically excluded from this definition of stool banking organizations and would still
not be required to sponsor an IND application for CDI not responsive to standard
therapies. The draft guidance would allow an independent stool bank sponsoring an
IND application to waive certain IND regulations for investigators. Requirements may
be waived through the application in the original IND or included in an amendment
and must contain reason for waiving the requirement or alternative actions satisfying
the requirement. Requirements may also be waived with FDA approval if such a waiver
poses no risks or if compliance cannot be achieved (20). The FDA is currently seeking
comments on which regulations can be waived, specifically in IND review of FMT
therapies (21). It is not clear if this draft guidance in this form might shift the relative
regulatory burden from independent stool banks to internal hospital stool banks.
However, if this led to an increase in sourcing stool for FMT from internal banks, many
centers would not be prepared for this change. Ideally, internal stool bank best
practices in laboratory testing would be collected, studied, and disseminated to facil-
itate process improvement while further guidance from the FDA is pending.

Ultimately, many have suggested that due to the inherent variability of stool, the
FDA may choose to regulate the processes of screening and manufacturing material for
FMT rather than the contents of the material itself in a way that may be analogous to
the regulation of whole blood or cord blood donations (22, 23). However, this has yet
to be determined.

PRINCIPLES OF DONOR SELECTION

To date, there have been no trials evaluating outcomes of fecal transplantation as
related to donor characteristics. Thus, current criteria for selection and screening of
fecal donors are primarily a product of expert opinion. While there are safety concerns
related to exposing multiple FMT recipients to stool from a more limited group of
donors (for example, if a donor was asymptomatically shedding infectious norovirus and
this was transmitted to a pool of recipients), we are not aware of any published reports of
such an outcome. As noted previously in the earlier section on FDA regulation, regulatory
considerations are in flux, and laboratories conducting internal donor selection and screen-
ing should check for the latest guidance (http://www.fda.gov/BiologicsBloodVaccines/
GuidanceComplianceRegulatoryInformation/Guidances/default.htm).

In determining initial eligibility, all reviewed recommendations require that poten-
tial donors undergo initial screening using a questionnaire analogous to those provided
to blood donors. Donor responses to these questionnaires should have no responses
indicating a risk factor or illness that could potentially be transmitted by FMT. Many
protocols also require follow-up questionnaires or other means of assessment at or near
the time of donation to screen for interval change in inclusion or exclusion criteria (10,
24). Donors with active symptoms of infection or risk factors that suggest a risk of
infection between the period of screening and collection of feces should also be
excluded (10). Other microbiome-specific exclusion criteria related to conditions that
may influence the gut microbiome have been suggested in prior screening recommen-
dations, which include conditions, like neurological or metabolic disorders, malignancy,
and recent antibiotic use (18). These and other fecal donor inclusion and exclusion
criteria are summarized in Table 1.

RECOMMENDED DONOR AND DONATED STOOL TESTING

After donor selection and laboratory screening, prior studies have reported that
surprisingly few donors are found to be suitable by current recommendations. In
reports from OpenBiome, published results of donor screening in a trial of FMT for IBD,
and another trial of FMT for RCDI, 3%, 10%, and 32% of potential donors, respectively,
ultimately met criteria for donation (10, 24, 25; www.openbiome.org). Potential donors
may be excluded for multiple reasons, but in these studies, high rates of donor
candidates were asymptomatic carriers of potential pathogens, underscoring the im-
portance of laboratory testing of all potential donors (10, 24, 25). Of donors excluded
based on the results of stool or blood testing, common reasons for exclusion included
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TABLE 1 Recommended fecal donor selection criteria?

Criterion®

Bakken et al. (5)

Amsterdam
protocol (10)

JSCR (18)

Paramsothy et al. (24)

Kelly et al. (4)

OpenBiome (www.openbiome.org)

Relationship to patient
Intimate long-time partner
Unknown to patient

Inclusion criteria
Age >18 yr
Children with parental consent and child assent
Negative screening questionnaire similar to those given to
potential blood donors

Exclusion criteria

Risk factors for transmittable diseases, (e.g., new sexual
contact in last 6 mo, recent needle stick accident,
recent transfusion, i.v. drug use, risk for variant
Creutzfeld-Jakob disease, sex for drugs or money,
homosexuality, or tattoos)

Travel to tropical area in last 3 mo

Known history of tropical infection

Employment in clinical work

Use of antibiotics in the 3 mo prior to donation

Diarrhea (=3 loose or watery stools per day for at least 2
consecutive days or =8 loose stools in 48 h

Household contacts with active gastrointestinal infection

Abnormal blood or stool test result suggestive of active/
current disease

Any gastrointestinal illness (inflammatory bowel disease,
irritable bowel syndrome, gastrointestinal malignancies,
or major gastrointestinal surgery) or complaints

Family history of intestinal cancer or inflammatory bowel
disease

General medical illness or use of medication that could be
excreted in feces that might pose a risk to recipients

Diet

History of autoimmune or atopi
immunomodulating therapy

History of chronic pain syndromes (fibromyalgia, chronic
fatigue) or neurologic or neurodevelopmental disorders

History of psychiatric conditions

Metabolic syndrome, obesity (BMI >30), moderate to
severe undernutrition

History of malignancy/receipt of chemotherapy

liness or ongoing

Additional considerations

L

Donor testing for

Donor screening

+

Donor serum and

o

Donor serum testing repeated

o @

Donor serum and

ONA

Fecal material collected for 60 days after initial

sexual repeated stool testing every 6 mo, stool testing stool testing screen, held in quarantine until second
intimate every 4 mo; should be repeated monthly; donors should be screen at 60 days. A third serological screen
partners may donors performed required to be age 18-65 performed performed for conditions with possible
be required to within 4 wk of yr (inclusive) within 4 wk of seroconversion window; donors required to
abbreviated or be age 18-60 donation donation be age 18-50 yr
omitted yr

aJSCR, Joint Society Consensus Recommendations to the FDA for fecal donor selection and screening; O, options equally reasonable; ®, recommended or routine practice; —, method or recommendation not noted in

article or not applicable; %, could be considered on case-by-case basis as suggested by exposure status of donor and immune status of recipient; *, donors were excluded if they had traveled within the prior 6 months to

areas endemic for diarrheal
screening not further specified.
bi.v., intravenous; BMI, body mass index.

Iness; ~, donors excluded if any history of travel to regions with high risk of acquiring infectious pathogens endemic to the area; !, no date of last antibiotic use specified; AA, dietary
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detection of Dientamoeba fragilis, Blastocystis hominis, Clostridium difficile, and Rotavirus
in stool (10, 24, 25). Positive serological screens were infrequent in these studies, with
one exclusion for apparent Strongyloides exposure, another exclusion for an indeter-
minate hepatitis C virus (HCV) antibody screen with abnormal transaminase levels,
and no positive serological screens reported in the series reported by OpenBiome
(10, 24, 25).

Some screening practices have been built upon the donor screening protocol
described in the Amsterdam protocol (10, 24). However, such practices are periodically
updated to reflect improved understanding of asymptomatic carriage of potential
pathogens and conditions related to the gut microbiome. For example, independent
stool banks have expanded their screening practices to test for asymptomatic carriage
of viral pathogens, like rotavirus (25). Also, as increasing data become available on FMT
in immunocompromised patients, a broader range of opportunistic pathogens has
been considered when screening immunocompetent stool donors who may be asymp-
tomatic carriers. For FMT in immunocompromised patients, it may be important to
consider screening of donors for potential viral opportunistic infections (e.g., JC or BK
virus) with quantitative PCR or with a serological screen followed by quantitative PCR.
While outcomes in RCDI are increasingly well described with randomized controlled
trials and a recent meta-analysis, long-term safety data are lacking (26). An FMT
national registry has recently been spearheaded by the AGA to assess the short-
term and long-term (up to 10 years of patient-reported follow up) safety of FMT,
with secondary objectives of evaluating the efficacy of FMT practice in the United
States (C. Kelly, Warren Alpert Medical School of Brown University, personal com-
munication). Further research is needed to clarify the relative merits of selecting
known or unknown donors as well as inclusion and exclusion criteria. The 2011 FMT
Workgroup Recommendations, Amsterdam protocol, 2013 society consensus rec-
ommendations, donor screening protocol from an IBD FMT clinical trial, 2015 AGA
recommendations, and OpenBiome routine screening practices as of September
2016 are summarized in Tables 1 to 3.

After initial donor selection with screening questionnaires with or without physical
examination, potential donors should undergo a battery of serologic and stool tests to
rule out potentially transmissible infectious diseases. There is general agreement
between published joint society consensus recommendations and published re-
search protocols; however, the frequency or timing of donor testing is less well
defined. The frequency of recommended testing ranges from once within 4 weeks
of stool donation to as long as 74 days prior to donation, with blood and stool
screening tests at the beginning and end of a 60-day collection period, followed by
a third serological screen to account for potential late exposure and delayed
seroconversion (18; www.openbiome.org). Another discrepancy in donor blood test-
ing recommendations is the recommendation to screen for Strongyloides and Schisto-
soma, which was recommended by Kelly et al. and the Joint Society Consensus
Recommendations if exposure to these pathogens is suggested by travel history (4, 18).
If thought to be indicated, a serological test for these pathogens is likely to be
sufficient, and donors with positive screens should likely be excluded. The recom-
mended serologic and stool tests for potential fecal donors are listed in Tables 2 and 3,
respectively.

In the United States, if providers are considering FMT for indications other than
RCDI, an IND must be submitted to the FDA, as outlined by others (16). Depending on
the planned study indication, review by the FDA may include recommendations for
additional blood or stool testing of donors specific to that study.

DONOR STOOL SCREENING AND THE CLINICAL MICROBIOLOGY LABORATORY

As FMT became more frequently utilized during this past decade, requests to
perform donor stool screening presented clinical laboratories with an array of consid-
erations. Perhaps the most perplexing concern was about the validity of testing formed
stool from healthy donors for the presence of C. difficile. The reference method C.
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TABLE 2 Recommended blood testing for potential fecal donors®

Amsterdam Paramsothy OpenBiome
Testb Bakken et al. (5)  protocol (10) JSCR (18) et al. (24) Kelly et al. (4) (www.openbiome.org)
Bacterial tests
Treponema pallidum serology/ [} [ ) [ ) [ [ o=
Helicobacter pylori — — — — —

e

Viral tests
Cytomegalovirus# — [ J
Epstein-Barr virus+ — [ J
Hepatitis A virus IgM* [} [ J
Hepatitis B virus surface antigen ~ @+++ ®++
([ ]
[ ]
[ ]

®+++ ®+++
Hepatitis C virus antibody [}
HIV [ J
HTLV 1 & 2 antibodies —

JC virus — —

%

| e00@® |
X
°

Parasitic tests
Entamoeba histolytica™* — [ ] — — ¥
Strongyloides stercoralis — [ J
Schistosoma spp. — — — — ¥

Fungal tests — — — — — —

Other blood tests
Complete blood count — — _
Complete metabolic panel — — _
Liver function panel — — _
ESR and CRP — [} _

aJSCR, Joint Society Consensus Recommendations to the FDA for fecal donor selection and screening; A, Treponema pallidum testing with rapid plasma reagin or
Treponema pallidum particle agglutination assay; @, recommended or routinely performed test; =, T. pallidum screen is performed as cascade with reflex to rapid
plasma reagin (RPR); —, recommendation not noted in article; #, test should be considered on a case-by-case basis as suggested by exposure status of donor and
immune status of recipient; #, cytomegalovirus I1gG and IgM; +, Epstein-Barr virus viral capsid antigen (VCA) IgM, VCA IgG, VCA, and anti-Epstein Barr nuclear antigen
(EBNA); *, total hepatitis A antibodies, and if positive, also hepatitis A IgM; +++, hepatitis B surface antigen and core antibody IgM/IgG; ++, hepatitis B surface
antigen and surface antibody; %, HIV-1 p24 antigen test also included; **, Entamoeba histolytica serum latex agglutination and dipstick.

PHTLV, human T-cell lymphotrophic virus; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.

difficile toxigenic culture has become largely obsolete due to barriers of cost and longer
turnaround times, and many laboratories now rely on commercial antigen detection
assays that target C. difficile common antigen and toxin, and/or molecular assays that
detect the C. difficile tcdA or tcdB gene. In the United States, these commercial assays
are FDA cleared, with on-label indications restricted to unformed stool from diarrheal
symptomatic patients suspected of having CDI. Indeed, the analytical sensitivity for
detection of the assays’ target(s) was determined in this specific patient population.
There are not any on-label claims for the performance or utility of these commercial C.
difficile assays for testing stool from an asymptomatic healthy donor for FMT donation.
Clinical laboratories often perform tests for off-label indications with appropriate
disclaimers in the result reports. However, depending on their location and accrediting
agency, clinical laboratories stand to be in violation of regulatory mandates unless
specific test validation is performed to support such off-label use on formed stool. This
kind of test validation is beyond the resources of many hospital and commercial
laboratories, so most laboratories are likely using commercial C. difficile assays off-label
to screen for asymptomatic carriage. It may provide some reassurance that indepen-
dent stool banks, like OpenBiome, claim to screen donor stool for C. difficile using
standardized processes. However, it should be acknowledged that these screening tests
are likely still performed off-label, and the performance characteristics may be different
than those reported for unformed stool.

Our group currently uses an off-label molecular assay for screening asymptomatic
donors for toxigenic C. difficile. Commercial nucleic acid testing has previously been
shown to have a higher negative predictive value in testing symptomatic patients than
that with a glutamate dehydrogenase (GDH) or multistep testing algorithm (27).
However, a recent study of detection of C. difficile in asymptomatic patients suggested
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TABLE 3 Recommended stool testing for potential fecal donors?

Bakken Amsterdam Paramsothy  Kelly OpenBiome
Testb etal. (5) protocol (10) JSCR (18) et al. (24) etal. (4) (www.openbiome.org)
Clostridium difficile tests
Toxigenic culture — [} — — — —
EIA O [ J O — O —
Off-label toxin PCR [ J — [ J [ J [ J [ J
GDH/antigen — — — — O —
Bacterial tests
Enteric pathogen culture (Salmonella, Shigella, o — o [ ) [ ] o
Campylobacter)
Culture recommended, but not further specified — [ J — — — —
Shiga toxin or Escherichia coli 0157 culture — — — — I [ )
Listeria spp. — — — — ¥ —
H. pylori enzyme immunoassay = — — — kS [ J
Vibrio spp. — — — — ¥ —
MRSA — — — — ik —
VRE culture — — — — I [ )
Viral tests
Adenovirus EIA — — — — — [
Norovirus EIA or real-time PCR — — — [ ) I o
Rotavirus EIA — — — — ¥ [ ]
Parasitic tests
Ovum and parasite microscopic examination [ J [ J k3 [ J kS [ J
Microsporidia microscopic examination — — — — — [ J
Giardia fecal antigen/EIA o — — o s o
Cryptosporidium EIA [ J — — [ J kS [ J
Isospora and Cyclospora microscopic [ J — — — ¥ [ J
examination
Fungal tests — — — — — —
9JSCR, Joint Society Consensus Recommendations to the FDA for fecal donor selection and screening; —, recommendation not noted in article; ®, recommended or

routinely performed test; O, options equally reasonable; #, test should be considered on a case-by-case basis as suggested by exposure status of donor and immune
status of recipient; =, H. pylori antigen testing recommended for upper routes of FMT.
PEIA, enzyme immunoassay; GDH, glutamate dehydrogenase; MRSA, methicillin-resistant Staphylococcus aureus; vancomycin-resistant enterococci.
<JSCR, Joint Society Consensus Recommendations to the FDA for fecal donor selection and screening.

a very similar negative predictive value of GDH compared to a commercial nucleic acid
amplification test (NAAT) (99.3% versus 99.9%, respectively) (28). Most clinical labora-
tories that will be screening donor stool are likely committed to one of these testing
strategies for symptomatic patients, and these data suggest that GDH or NAAT is likely
to be appropriate.

Similarly, donor stool testing with multiplex PCR for viral or other parasitic
pathogens has not been validated for this indication, and the general approach for
validating these tests has been on loose or watery stool. However, given the
reported exclusion of donors based on viral testing of stool donor fecal samples,
further study in this area may serve to expedite the preparation of fecal material for
FMT (24, 25). There are no data to support routine testing of potential donors for
fungal pathogens.

As others have recommended a range of tests from what could be considered a
minimum battery to a number of tests that may be more relevant in light of donor
exposures or recipient characteristics (e.g.,, immunocompromise or comorbid condi-
tions associated with changes in the microbiome), it remains important for clinicians
and clinical laboratorians to remain in dialogue about the most appropriate diagnostics
as new data become available. Well-designed clinical trials to evaluate associations
between donor characteristics and clinical outcomes, as well as iterative planning and
review of current practices, will be important to ensure patient safety, accessibility to
FMT, and cost-effectiveness of testing.
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FUTURE DIRECTIONS
Many questions about optimal donor selection and screening laboratory tests
remain, while FDA regulation remains in flux. It is unclear if frequency of donor
laboratory screening should be static, applying rigid testing to all samples equally, or
dynamic to adjust for seasonal variation in diarrheal diseases, like rotavirus (29). Further,
learning health systems, which utilize big data in real time, might be able to anticipate
need for FMT supplies based on local rates of RCDI within a particular health system.
Adjustments in the frequency of donor testing prior to using a particular donor’s stool
can have significant impacts on cost, although the relative risks of such models require
further study (29).
Routine practice for donor selection and laboratory testing, as well as stool testing,
will need to be reevaluated on a regular basis as the roles of human gut microbiota are
further clarified. Future study may support use of NAATs, 16S ribosomal gene, or
shotgun genome sequencing of bacterial, archaea, viral, and fungal reads to screen
donors. Host genome expression profiles may provide additional information about
ideal donor selection. Still, other techniques may more simply and cost-effectively
identify source donors with keystone microbiotal populations. Current research exam-
ining high-level extracts or cultured whole microbiota of donor material may illuminate
certain therapeutic components of FMT and target its use either for specific disorders
or more general application (30).

Journal of Clinical Microbiology

The advent of FMT therapy in response to the CDI epidemic highlights the limita-

tions of antimicrobial therapy, as well as the yet-to-be discovered complexities of the
human microbiome. Ongoing systematic appraisal of the evolving body of scientific
FMT research is needed to inform regulatory oversight and guide the development of
evidence-based best clinical practices.
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