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INTRODUCTION

Clostridioides difficile infection (CDI) is an urgent public health threat and one of the

most common health care—-associated infections, leading to substantial morbidity, mortality,
increased hospital length of stay, and excess health care spending.! Up to 30% of patients
who develop an episode of CDI suffer disease recurrence after initial antibiotic treatment,2:3
and the risk of recurrence increases with each subsequent episode.# Patients with recurrent
CDI (rCDI) suffer repeated episodes of diarrhea and extensive antibiotic exposure that can
last years.®
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The recurrent nature of disease and limited antimicrobial treatments led to the use of adjunct
microbiota therapy to interrupt the rCDI cycle by increasing colonic microbial diversity and
restoring vital microbial metabolic functions, which promote colonization resistance against
C difficile.® There have been substantial breakthroughs in the development of microbiota-
based therapies for prevention and treatment of CDI in addition to antibiotics.

Microbiota-based products include the following.
. Conventional fecal microbiota transplant (FMT) containing donor feces

. Fecal microbiota products (FMPs) manufactured with standardized processes
from donor stools

. Live biotherapeutic products (LBPs) comprising well-characterized live bacterial
strains or strain consortia

This review highlights the differences between these products and discusses the
administration and efficacy data for each method.

THE MICROBIOTA IN CLOSTRIDIOIDES DIFFICILE INFECTION AND
RATIONALE FOR USE OF MICROBIOME THERAPEUTICS

FMT enriches gut microbiota composition and function, reducing CDI risk through

several mechanisms.” FMT increases the presence and concentration of microbial-derived
metabolites (eg, secondary bile acids and short-chain fatty acids), inhibits growth of C
difficile, and repairs the intestinal border.8 Bile salt hydrolases produced by bacteria are an
important example of this phenomenon, which consume primary bile acids that stimulate C
difficile germination, such as taurocholic acid. Microbiota therapies deliver bacterial species
(ie, Bacteroides) that perform these functions, which together inhibit proliferation and toxin
production of C difficile.®

FMT increases microbial diversity and bacterial competition within the colon. FMT
donor bacteria and C difficile compete for host dietary substrates (eg, polysaccharides

and glycoproteins)19 and transfer bacteriocins with antibacterial properties. Bacillus and
Lactobacillus species produce thuricin CD! and nisin,12 respectively, which have anti-C
difficile activity. Finally, FMT conducts signals within the recipient to begin repair of the
epithelium and inhibit inflammation caused by C diiffic/e'® by promoting regulatory T-cell
growth.”

Other fecal microbiota-based products have similar effects, suggesting the use of whole
microbiome transfers may not be necessary for clinical improvement in CDI symptoms.”
Development of FMPs with narrower composition, however, might limit therapeutic
potential 13
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CLINICAL SPECTRUM OF CLOSTRIDIOIDES DIFFICILE INFECTION AND
QUALIFICATION FOR MICROBIOTA-BASED THERAPEUTICS

CDl is defined by clinical symptoms—typically diarrhea (ie, at least 3 unformed stools per
24-hour period)—combined with evidence of toxigenic C difficile.14-18 Microbiota-based
therapy has been used for multiple clinical CDI presentations (eg, recurrent, refractory,
severe, fulminant/complicated).

Microbiota-based therapies have been most thoroughly studied in their application to

rCDI, defined as the recurrence of diarrhea within 8 weeks of treatment of a prior CDI
episode.16.18 Nucleic amplification assay testing for toxigenic C difficile or C difficile
toxin enzyme immunoassay supports this diagnosis.141%.17:19 Up to 25% of patients treated
for CDI with antimicrobial therapy develop postinfectious irritable bowel syndrome (IBS),
mimicking rCDI2%; the microbiome of patients with C difficile postinfectious 1BS differs
from healthy controls, supporting the use of microbiota-based therapy to restore eubiosis in
this cohort.20

CDI not responding to standard-of-care antibiotics after 2 to 5 days of treatment is
considered refractory CDI,16-18 particularly in cases of severe or fulminant disease.1®

CDl is considered severe when initial presentation includes poor prognostic features, such
as leukocytosis, 1419 elevated creatinine,6:18 fever,16:18 or Jow albumin.® Fulminant or
complicated CDI includes toxic megacolon,4-19 hypotension/shock,14-19 ileus,14-17.19 need
for surgery or intensive care,18 or rapid clinical deteriorationl® attributable to CDI. Evidence
is more limited in the use of microbiota-based therapies in severe and fulminant cases.

FECAL MICROBIOTA TRANSPLANT

Introduction to Fecal Microbiota Transplant

Conventional FMT is the administration of minimally processed stool and distal gut
microbiota from healthy donors to restore a healthy gut microbiome in recipients.”:21
Although microbiota-based therapies have come into vogue in recent years, the use of fresh
or processed stool for the treatment of digestive diseases dates to the fourth century CE in
China.22 The first modern case series was published in 1958 by Eiseman and colleagues,23
demonstrating the use of FMT to treat pseudomembranous enterocolitis.

The most compelling indication for FMT is the prevention of CDI recurrences in people
with rCDI.22:24 The evidence for use of FMT in rCDI is longstanding, with the first case
report in contemporary medical journals being published in 19832° and the first randomized
control trial published 30 years later.2® Meta-analyses have demonstrated FMT is effective
for treating rCDI in immunocompetent adults?! with reported efficacy of 80% to 90%.22.27~
29 The benefits of FMT can be sustained over multiple years.30-32

Guidelines recommend consideration of FMT after at least 2 recurrences of CDI (ie, at
least 3 episodes; Table 1). The evidence regarding use of FMT after the first or second
episode of CDI is mixed.33:34 The number of FMT doses, timing of FMT after initial CDI
treatment, and need for laboratory confirmation differ between studies,33:34 reflecting the
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heterogeneity of FMT trials and the potential requirement of multiple FMT courses for
disease resolution.3°

FMT is also used in the treatment of severe or refractory CDI. Guidelines propose the use of
FMT in cases unresponsive to standard-of-care antibiotics, especially for unsuitable surgical
candidates, in an interdisciplinary setting with multiple specialists.16:36

FMT recipient registries have been created to track real-world efficacy and adverse events.
The FMT National Registry, managed by the American Gastrointestinal Association (AGA),
plans to follow North American FMT recipients for up to 10 years to compile more long-
term safety and efficacy data.37:38

Formulation and Administration

“FMT” is not a singular procedure or product but instead a spectrum of diverse
interventions3? using minimally processed donor stool procured from stool banks or
academic medical centers.%13 Early FMT programs used donors selected by the recipient;
however, with increasingly strict donor screening requirements,*? among other ethical and
practical concerns, the use of anonymous stool donors has proliferated.®

FMT comes in several formulations: encapsulated, fresh, or frozen. Oral capsules, frozen or
Iyophilized, have demonstrated efficacy in preventing rCDI,27:29:33 although the quantity of
capsules ingested varies substantially by study protocol.2® Oral liquid formulations are an
option for patients who cannot swallow capsules.?! Fresh stool products can be used, but
frozen FMT products are equally effective.2442 Frozen FMT products offer the convenience
of prolonged storage*3 and may increase safety by allowing FMT product destruction if the
donor becomes ill in the interval between donation and product use.?*

Administration of FMT varies by route (eg, upper or lower gastrointestinal [Gl] tract)

and method of delivery (eg, administration via feeding tube, enema, or instillation

during endoscopy). There is insufficient evidence to recommend a specific route of FMT
deliveryl4.15.17-19.24- however, there are clinical conditions and patient factors that influence
FMT administration. Upper GI administration should be avoided in patients at elevated

risk for aspiration or regurgitation.17-19.24 EMT via enema has lower efficacy but does not
require feeding tube placement or the procedural costs and risks of colonoscopy.19:24 If
patients fail initial FMT by oral capsule or enema, subsequent FMT via colonoscopy is
recommended®; lower GI endoscopy also allows for confirmation of CDI diagnosis and
severity.1’

Risks of Fecal Microbiota Transplant

The most common side effects of FMT are abdominal discomfort/cramping, flatulence,
diarrhea, vomiting, belching, and fever,*# although rates of diarrhea may be overestimated
(Table 2). Serious adverse events can include injury from FMT delivery methods (eg,
aspiration of fecal contents, bowel perforation during endoscopy, or anesthesia-related
complications). There are rare reports of inflammatory bowel disease exacerbation and
development of autoimmune diseases.*44> Patients should be followed for a minimum of 8
weeks after FMT to evaluate for adverse events and late treatment failure.19:24
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The largest safety concern is transmission of infectious pathogens through FMT. Enteric
bacteria producing extended-spectrum p-lactamases (ESBL) have been transmitted by
FMT46 as well as viral infections like cytomegalovirus (CMV) and norovirus.4"48 The
Food and Drug Administration (FDA) has also issued safety alerts communicating the
risk of potential transmission of SARS-CoV-2 or mpox with FMT.4950 Seronegative
immunocompromised patients at increased risk of disseminated infection from CMV or
Epstein-Barr virus should be informed about the rare possibility of viral transmission
through FMT.19.24

Donor screening programs mitigate the risk of donor-derived infection through FMT,
although there remains a need for standardized screening protocols.>1:52 Generally,

donor blood and stool are screened for transmissible diseases, and prospective donors
undergo risk assessment of behaviors linked to infectious diseases.244%:53 After a donor-
derived ESBL Escherichia coli strain was linked to invasive infections and one death

in 2 immunocompromised FMT recipients,%0-54 the FDA recommended the addition of
multidrug-resistant organism screening.%? Given the possible contribution of recipient
neutropenia to the invasive infections and death, FMT is generally avoided in neutropenic
patients.1”

Although serious adverse events have been associated with FMT,*° these events have been
very rare. A review of longitudinal studies found zero FMT-attributable deaths, autoimmune
diseases, or Gl disorders during a 10-year follow-up period.30

Use in special populations

Fecal microbiota transplant in pregnancy. American College of Gastroenterology
guidelines recommend avoiding FMT in pregnancy given procedural risks and lack of safety
data; maintenance oral vancomycin followed by postpartum FMT is an alternative.1 CDI
during pregnancy is associated with higher rates of venous thromboembolism, delivery
complications, and maternal mortality.1° Patients and specialists may decide the risks of
FMT are preferable to morbid CDI recurrence or potential complications of long-term
suppressive antibiotic therapy.°®

Fecal microbiota transplant in the immunocompromised. AGA guidelines
conditionally recommend avoiding FMT in severely immunocompromised patients.l’ FMT
was generally well-tolerated and safe in observational studies of immunocompromised
participants, but the certainty of evidence was rated “very low” because of the risk of bias.1’
The decision to pursue FMT in severely immunocompromised patients should be undertaken
with careful analysis of risks, benefits, and alternative therapies.19:56

Practical concerns

Product cost coverage. FMT is regulated as a medicinal product in the United States.>’
As a result, codes have been assigned for billing private payors and Medicare. Separate
codes for donor testing and delivery of FMT have been created for private insurance plans,
whereas Medicare recognizes one code for both processes.>8
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Stool donation. The cost of creating a fecal donation center can be significant, with many
physicians citing the cost and complexity of maintaining a stool donor base and screening
fecal products as prohibitive to offering FMT.5® An FMT program requires identifying

and screening donors; collecting, processing, and storing fecal contents; and delivering the
appropriate product to the corresponding recipient.9 Maintenance of a consistent donor
population and oversight of the stool bank by specialists in clinical microbiology, infectious
diseases, and gastroenterology may be financially infeasible for health care systems.61 A
Canadian study from 2017 reported a total cost of $15,190 US dollars to screen 46 potential
donors, yielding a single suitable donor.52

Stool banking. Large stool banks have the benefit of scale compared with smaller

hospital laboratories but have experienced regulatory hurdles in recent years. In 2022,

the FDA announced the end of enforcement discretion for centralized stool banks-notably
affecting OpenBiome, a nonprofit providing fecal products to more than 1000 FMT-
performing institutions and 10,000 patients yearly at its peak.13:63 The FDA reinstated an
investigational new drug requirement for distributors of FMT in fall 2024, posing challenges
to offering FMT as a routine clinical intervention.8465 Applying a biological drug regulatory
framework to FMT limits the commercial distribution of stool products and restricts patient
access to FMT outside of participation in a clinical trial setting for specific indications.63

Storage concerns. Following collection, FMT products can be stored briefly at 4°C
before freezing. Once frozen, stool products are preserved for years at temperatures of
-80°C without substantial reductions in potency measured as colony-forming units per
milliliter.43:66 Products can be thawed at room temperature or in a warm bath and then used
for FMT within 6 hours of thawing.51 Use of FMT may be limited by access to deep freezers
and locations for dose thawing/preparation.

FECAL MICROBIOTA PRODUCTS AND LIVE BIOTHERAPEUTIC PRODUCTS

Introduction to Fecal Microbiota Products

Logistical and regulatory challenges in maintaining safe, consistent supplies of stool

from healthy donors to meet clinical demand for microbiota-based therapy led to the
commercial development of FMPs.13 FMPs are manufactured from human donor stool

using standardized processes, offering improved ease of distribution and reimbursement over
conventional FMT.4767 Like FMT, these products aim to correct deficiencies in the gut
microbiome, mainly by replacing key phyla (ie, Bacteroidetes and Firmicutes) to prevent C
difficile recurrence.58 FMPs are manufactured using Good Manufacturing Practice83.69 and
undergo sampling before administration to ensure minimum thresholds of bacterial species
are met.58 Two FMPs have received FDA approval for the prevention of rCDI in adults
undergoing treatment of rCDI (Tables 3 and 4).

Rebyota (Fecal microbiota, Live-jsim; Ferring Pharmaceuticals, Parsippany, NJ) was the
first FMP to receive FDA approval in 2022. Rebyota is a liquid suspension of fecal
microbiota (including 1 x 10° colony-forming units of Bacteroides spp) administered
rectally.’? Rebyota can be stored in an ultracold freezer (-60°C to —~90°C) or refrigerated
(2°C to 8°C) for 5 days (Fig. 1).
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Vowst (Fecal microbiota spores, Live-brpk; Nestle HealthScience, Hoboken, NJ) was the
first oral FMP to receive FDA approval. Vowst is a purified suspension of fecal bacterial
spores (Firmicutes spp) in oral capsules that can be stored at room temperature (up to
25°C)."1

Both products should be administered 1 to 3 days after the completion of C difficile
antibiotics.”%71 Like conventional FMT, most side effects associated with either drug were
mild to moderate GI symptoms.3” Both products are available by prescription in the United
States, generally covered by commercial insurance.

Special Populations

Given the novelty of FMPs, there are minimal safety data regarding use in pediatrics,
pregnancy, and breastfeeding.”%71 There is insufficient evidence supporting the use of FMPs
in immunosuppressed patients,1 although patients considered immunocompromised were
enrolled in trials for both products.”73

FECAL MICROBIOTA PRODUCTS AND LIVE BIOTHERAPEUTIC
PRODUCTS: FUTURE DIRECTIONS

Table 5 includes information about FMPs and LBPs in development. One LBP, VE303,

is currently recruiting subjects for a phase 111 study.”® LBPs differ from FMPs by their
defined composition (ie, consistent proportional abundance of component microbes). For
example, VE303 contains 8 strains of commensal Clostridia species manufactured from pure
clonal cell banks.89 LBPs may allow better understanding of dose-response effects in the
application of microbial therapeutics to the treatment of CDI1.60.76 As selected microbiota
formulations and LBPs become more refined in their composition, it remains to be seen

if they can provide the same clinical benefits of conventional FMT and FMPs without the
full complement of metabolites, viruses, and bacteria delivered by these earlier-generation
products.13.69

CHOICE OF MICROBIOTA-BASED THERAPY

The decision to pursue FMT or FMPs depends on patient and provider access to these
products, patient comorbidities and preferences, and disease factors. Table 6 compares the
use of FMT and FMPs on patient factors, such as indication, age, and patient comorbidities.
Cost, insurance coverage, and geography (ie, access to institutions performing FMT) will
also influence treatment decisions. Head-to-head comparison of FMT and FMPs for rCDI is
lacking,3” and choosing a product may ultimately depend on patient access.!3

SUMMARY

Despite the heterogeneity in study design and products, the clinical benefits of FMT and
FMPs in rCDI are well supported. Future directions include the use of precision medicine to
design microbiota-based products tailored to specific deficits in an individual microbiome.’
The rapid expansion of the field will continue as more FMPs and LBPs progress

through development. Although the introduction of FMPs has improved standardization of
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microbiota products, improving the accessibility of fecal microbiota therapies will be crucial
to ensure the wide availability of clinical benefits.

Abbreviations

AGA American Gastrointestinal Association

CDlI Clostridioides difficile infection

CMvV Cytomegalovirus

ESBL extended-spectrum B-lactamase

FDA Food and Drug Administration

FMP fecal microbiota product

FMT fecal microbiota transplant

Gl Gastrointestinal

IBS irritable bowel syndrome

LBP live biotherapeutic product

rCDI recurrent Clostridioides difficile infection
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KEY POINTS

. Fecal microbiota transplant (FMT) has been used to treat recurrent
Clostridioides difficile infection (rCDI), severe or fulminant/complicated
Clostridioides difficile infection (CDI), and refractory CDI.

. The need for regulated, standardized microbiota-based therapy has led to the
development of fecal microbiota products (FMPs) and live biotherapeutic
products (LBPS).

. FMT, FMPs, and LBPs are used in cases of rCDI to prevent further
recurrences of CDI.
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CLINICS CARE POINTS

Fecal microbiota transplant encompasses a spectrum of interventions used to
enhance a recipient’s gut microbiome by the instillation of donor stool, and
guidelines for use in recurrent Clostridioides difficile infection are published
by several medical societies including IDSA and AGA.

Fecal microbiota products are produced from donor stool and formulated to
contain a certain amount of beneficial bacteria in each dose.

Fecal microbiota products have been approved for patients with recurrent
Clostridioides difficile infection and can be administered rectally (Rebyota) or
taken orally (Vowst).

Individual comorbidities should be evaluated when considering use of fecal
microbiota transplant or fecal microbiota products.

Infect Dis Clin North Am. Author manuscript; available in PMC 2025 September 15.
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Fig. 1.
Method of fecal microbiota production administration. (A4) Fecal microbiota, live-jsim. (B)

Fecal microbiota spores, Live-brpk. (BioRender.com).
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Table 2

Reported adverse events after fecal microbiota transplant

Gastrointestinal

« Belching

* Vomiting

» Abdominal discomfort

» Abdominal cramping

« Diarrhea

« Constipation

* Flatulence

* Inflammatory bowel disease exacerbation

Systemic « Transient fever
» Malaise
* Dizziness
* Headache
* Night sweats
Infectious « Donor-derived infections@
« Colonization with multidrug-resistant organisms (MDROs)@
Autoimmune « Development of autoimmune disease
Metabolic * Weight gain
Procedural * Endoscopic injury or bowel perforation

« Aspiration of fecal contents?
« Complications of anesthesia?

aReported cause of FMT-related fatalities.40:45
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Table 3
Commercially available fecal microbiota products for the prevention of recurrent Clostridioides difficile

infection after antibiotic therapy

Product Name Product Administration
Rebyota (Fecal microbiota, Live-jsim)7® Pretreatment: None
Administration:

» Administer 150 mL liquid suspension rectally
« Remain in the left-side recumbent or knee-chest position for up to 15 min after administration

Vowst (Fecal microbiota spores, Live-brpk)’  Pretreatment:
« Drink 296 mL (10 oz) of magnesium citrate solution =8 h before initiation of therapy
Administration:
« Take 4 capsules by mouth once daily for 3 consecutive days
« Fast for 28 h before each daily dose

Infect Dis Clin North Am. Author manuscript; available in PMC 2025 September 15.
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Table 5
Fecal microbiota products and live biotherapeutic products in development for prevention of recurrent

Clostridioides difficile infection

Phase of
Product Type of Product Route of Administration Development Published Data
VE303 LBP: Oral capsules High dose: 10 capsules po daily x 14 Phase Il randomized, Recurrence of CDI:
Louie et al,’® containing 8 strains of d double-blind, placebo-  rCDI diagnosed by toxin
2023 commensal Clostridia Low dose: 2 capsules po daily x 14 d  controlled, dose- assay:
bacteria ranging trial Adjusted ARR =11
« High dose vs placebo
rCDI diagnosed by PCR:
Adjusted ARR = 21.1"
* High dose vs placebo
MET-2 FMP: Lyophilized, oral 10 capsules po daily x 1 d, then 3 Phase | open-label, Recurrence-free at 40 d:
Kao et al,’” capsules containing 40 capsules po daily x 8 d single-group trial 79% (one course of therapy)
2021 bacterial species isolated ~ Nonresponders undergo dose
from healthy stool escalation
VP20621 FMP: Oral liquid High dose: 107 spores po daily x 14 Phase |1, randomized, Recurrence at 6 wk:
(NTCD-M3) suspension containing d double-blind, placebo- R = g.28**
Gerding etal,’®  non-toxigenic C difficile  Medium dose: 107 spores po daily x controlled, dose- « Drug (11%)
2015 spores (M3 strain) 7d ranging trial « Placebo (30%)

Low dose: 10* spores po daily x 7 d

Statistical significance:

*
F<.05,

*:

*
P<.01.

Abbreviations: ARR, absolute risk reduction; OR, odds ratio; po, orally.
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Table 6
Patient factors influencing choice of fecal microbiota transplant or use of fecal microbiota products for

Frequent antibiotic use

Patient Factors FMT FMPs Comments
Indication Recurrent CDI (rCDI) v v
Initial CDI episode, at high risk v x Vowst and Rebyota are currently approved only for adults with rCDI
of morbid recurrence
Severe/fu | minant CDI v X Vowst and Rebyota are not currently indicated for treatment of CDI
refractory to standard-of-care
antibiotics
Age Adults v v
Pediatric (age <18 y) v x Vowst and Rebyota are currently approved only for use in adults
Geriatric (age =65 y) Insufficient data to determine differences in FMP treatment response
based on age. About half of adults receiving Vowst or Rebyota in
clinical trials were 65 y of age or older
Comorbidities  Pregnancy ? ? Limited data regarding use of FMT or FMPs during pregnancy or
lactation. Rebyota is rectally administered and not expected to be
systemically absorbed
Severe food allergies x ? Avoid use of FMT; use FMPs with caution. Do not administer FMPs in
(anaphylaxis) cases of severe allergy to any components
Immunocompromise ? X FMT is generally avoided in severe immunocompromise and used
with caution in mild to moderate immunocompromise. Limited data
regarding use of FMPs in immunocompromised patients
Dysphagia or elevated aspiration ~ ? ? Use with caution in patients at risk of aspiration or regurgitation; avoid
risk upper Gl instillations if possible
? ?

Concurrent antibiotic use, particularly with drugs with anaerobic
activity, may reduce efficacy of FMT or FMPs. Patients with long-
term or frequent antibiotic use (eg, recurrent UTIs) may benefit from
careful planning of administration timing after antibiotics with careful
monitoring for recurrent infection

v/, use recommended; ?, use with caution; x, avoid use.
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