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Clostridioides difficile infection (CDI) is a prevalent and potentially life-threatening condition associated with the use of broad-
spectrum antibiotics.1,2 Although conventional treatments such as antibiotics and fecal microbiota transplantation (FMT) are
effective, theymay not work for all patients. Therefore, there is growing interest in oral microbiome therapy (OMT) as an alternative
approach for recurrent CDI.3

OMT involves introducing a combination of bacterial species to the gastrointestinal tract to restoremicrobial diversity and function.
OMT has the potential to inhibit the pathogen’s growth and virulence.4,5

This article provides an overview of alternative therapies for recurrent CDI, including their proposed mechanisms of action,
supporting evidence, and the challenges that need to be addressed to be widely adopted as a treatment of CDI.

Since 2000, there has been a rise in the occurrence, intensity, and failure rate of treatment of CDI.6,7 The emergence of C. difficile
strains with an increased mean inhibitory concentration to metronidazole has been reported and contributes to treatment failures.8

Antimicrobial therapy is preferred for CDI, and clinical severity prediction tools are available for determiningCDI severity. The 2017
Infectious Diseases Society of America (IDSA) clinical severity prediction tool categorizes mild CDI as white blood cell,153 109/L
and serum creatinine ,1.5 times premorbid level. Severe CDI is indicated by leukocytes $15,000 cells/mL and serum
creatinine $1.5 times premorbid level.6

CDImanagement involves avoiding commonly implicated antibiotics (eg, broad-spectrum penicillin, cephalosporins, clindamycin,
fluoroquinolones) and favoring less implicated ones such as macrolides, aminoglycosides, sulfonamides, vancomycin, or tetracy-
clines. A 2014 European Society of Clinical Microbiology and Infectious Diseases guideline, based on an observational study,9 found
a positive treatment response in 135 of 154 patients on discontinuing inciting antibiotics. Failure to stop antibiotic use during and
after CDI treatment may lead to recurrent CDI.10 Supportive care measures, such as discontinuing unnecessary antimicrobial
therapy, fluid and electrolyte replacement, avoiding antimotility medications, and reviewing proton pump inhibitor use, are
recommended in the European Society of Clinical Microbiology and Infectious Diseases 2014 guidelines.11,12

Metronidazole and vancomycin have been the mainstays of CDI treatment, but recent reports indicate higher failure rates for
metronidazole.10,13–23 In a randomized, prospective, double-blind, placebo-controlled trial by Zar et al, comparing vancomycin and
metronidazole, vancomycin showed significantly better clinical cure rates in severe disease.15
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ACG and IDSA/Society for Healthcare Epidemiology of
America guidelines recommend vancomycin or fidaxomicin as
first-line treatments for mild-to-moderate CDI. Although
metronidazole is still an option for nonsevere CDI in low-risk
patients, its efficacy is decreasing, particularly against the BI/
NAP1/027 strain.24 Recent studies show vancomycin’s superior
cure rates compared with metronidazole, supported by a system-
atic review.9,11,25 Fidaxomicin, a bactericidal antibiotic, demon-
strates noninferiority to vancomycin with lower recurrence
rates.11,12 Clinical trials advocate vancomycin’s effectiveness, and
combination therapywith intravenousmetronidazole andper oral
vancomycin is recommended.16,17 For severe CDI, oral vanco-
mycin and fidaxomicin are standard therapies, while rectal re-
tention enema or intravenous metronidazole is suggested for CDI
complicated by paralytic ileus per IDSA/Society for Healthcare
Epidemiology of America guidelines.6

Researchers and clinicians are exploring strategies to address
recurrent C. difficile infections (rCDI), including nonantibiotic
therapies, such as precision microbiome therapy. Innovative
approaches are sought to improve CDI treatment, considering
FMT outdated. Wilcox et al conducted trials with actoxumab
and bezlotoxumab, monoclonal antibodies used with standard
antibiotic therapy.19,20 Bezlotoxumab (10 mg/kg infusion) sig-
nificantly reduced the recurrence rate (17%) compared with
placebo (28%), while the addition of actoxumab did not impact
the recurrence rate.19,20 SER-109, an experimental oral micro-
biome treatment, showed reduced recurrence rates of CDIs in
a Phase 3 study compared with placebo.21 Compared with the
existing first-line treatment, SER-109 showed favorable out-
comes, with only 12% of patients experiencing recurrent CDI.
In comparison, the placebo resulted in recurrence in 40% of
patients.10 RBX2660 is a microbiota-based therapy derived
from healthy human fecal donations. It effectively reduces CDI
recurrence and restores the microbiome configuration.26

FMT’s mechanisms include repopulating the gut with healthy
bacteria, stimulating the immune system, and strengthening
mucosal immunity. FMT treats gut dysbiosis and reduces the
recurrence of CDI, and has been shown to decrease the mor-
tality rate of severe CDI.23 In 1958, Eiseman et al successfully
treated pseudomembranous colitis with fecal enemas. FMTwas
first used for recurrent CDI in 1983 and 2013 and was approved
by theUS Food andDrugAdministration.26–28 The IDSA’s 2021
guidelines recommend FMT for adults with rCDI when anti-
biotic treatment fails.29

Numerous studies show the benefits of FMT. In a systematic
review of 371 patients from 27 case series, FMT has exhibited
a success rate of about 92% in patients with rCDI.30 A clinical
trial showed 90% resolution of CDI following FMT as opposed
to only 26% of patients recovering following a course of van-
comycin.31 van Nood et al showed that FMT is far superior
compared with vancomycin alone or vancomycin with gastric
lavage.32 The first FMT registry was formed in 2021 to assess the
efficacy of FMT in North America. The initial results showed

a cure rate of 90% in patients after the first infusion, with re-
currence in the next 6 months occurring only in 4% of the
patients.33

FMT can be done through upper gastrointestinal tract routes
(enteric tubes or oral capsules) or lower gastrointestinal tract
routes (retention colonoscopy). Studies comparing different
routes of FMT administration have yielded varying results, with
Furuya-Kanamori et al showing lower gastrointestinal admin-
istration as themost efficientmethod. At the same time, Postigo
and Kim found no significant difference in effectiveness be-
tween the two.34,35 In addition, a trial by Kao et al showed that
using capsules was not inferior to colonoscopy.36 These findings
suggest that both upper and lower gastrointestinal approaches
can be equally effective for FMT.

Oral capsules for FMT, containing frozen stool samples and an
acid-stable cryoprotectant, offer a noninvasive approach.36 In
a trial by Jiang et al, FMT demonstrated an 86% cure rate with
no recurrence. Single oral dose recipients showed a 63% im-
provement, while the 2-dose subgroup had a 91% cure rate,
resulting in an overall 84% cure rate for oral capsule FMT.37

FMT has gained interest due to its efficacy and safety demon-
strated in multiple randomized control trials for treating re-
current CDI, with a success rate of 92%.38,39

Open Biome formed Finch Therapeutics in cooperation with
a former company, Crestovo, to develop CP101, an oral live
biologic treatment for CDI. CP101 is an oral capsule that
contains healthy donor stools, increasing microbiome diversity
and preventing recurrent CDI.40 In a post hoc analysis of the
PRISM3 trial, an oral microbiome treatment (CP101) showed
a high cumulative cure rate of 85.0% atweek 8 for recurrent CDI
patients, with a higher rate of 88.2% observed in the active
treatment group compared with placebo.39 FMT has been
widely used in conventional medicine for the past decade as the
most common modality for microbiome restoration in the
treatment of recurrent CDI.41,42

RBX7455 is an oral capsule therapy for CDI made using the
same process as REBYOTA. In a phase 1 study, 30 adults with
prior CDI episodes were given RBX7455 capsules, without
needing bowel preparation. Divided into 3 groups, they took
varying doses over different durations. The study showed
promising results: group 1 had a 90% recurrence-free rate over
8 weeks, group 2 had 80%, and group 3 had 100%. In addition,
after 6months,microbiome analysis revealed increased levels of
beneficial bacteria such as Bacteroides and nonpathogenic
Clostridia.43,44 Khanna et al conducted a phase 1 study with
varying dosages of RBX7455 in patients with recurrent CDI.
The study found that RBX7455 at different dosages effectively
prevented rCDI, with success rates of 80%–100% at 8 weeks and
no dose dependency. Changes in microbiota composition were
observed in responders to RBX7455. The adverse effects were
mainly gastrointestinal. The study concluded that RBX7455
was safe and effective in delaying CDI onset for up to 8 weeks,
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with no further recurrences for 6 months, and influenced res-
ponders’ microbiome composition.44

In conclusion, rCDI is a severe medical condition with high
morbidity and mortality, and FMT has been proven as an ef-
fective therapy for rCDI in randomized control trials. Recent
research has also shown promising results with an oral micro-
biome treatment, CP101, demonstrating a high cumulative cure
rate. Furthermore, RBX7455 has also shown efficacy in pre-
venting rCDI, with success rates ranging from 80% to 100%.
The success of these therapies highlights the importance of
microbiome restoration in treating CDI. Further research is
needed to fully understand the mechanisms and potential ad-
verse effects of FMT, CP101, and RBX7455. Still, they offer
promising options for patients with recurrent CDI and provide
clinicians with new treatment possibilities.

While valuable, the studies mentioned have limitations. Jiang
et al’s study was single center with small sample size, limiting
generalizability. The placebo-controlled design of the PRISM3
trial may not reflect real-world conditions. Khanna et al’s open-
label study with a single arm introduces bias and limits com-
parisons. Moreover, all studies have short follow-up periods,
leaving long-term effects and safety unknown. Further research
is needed to address these limitations and comprehensively
understand CDI treatment.
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