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Fecal Microbiome Transplantation for Recurrent CDI: Treatment
Efficacy and Safety with Oral Capsules
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ABSTRACT

Background & Aims: Fecal microbiota transplantation is an effective treatment method for recurrent
Clostridioides difficile infection. Widely used enteric tube and colonoscopy methods demonstrate excellent
efficacy and safety results. Recent data suggest that new fecal microbiota transplantation methods using oral
capsules may provide a less invasive approach. In this study, we aimed to compare primary fecal microbiota
transplantation efficacy as well as short- and long-term safety of two different administration routes: oral
capsules and enteric tube.

Methods: This retrospective study included 60 consecutive patients who underwent fecal microbiota
transplantation for recurrent Clostridioides difficile infection. Thirty participants received 50 oral capsules
containing frozen material for a single day and 30 patients received fecal microbiota transplantation via
nasoenteric tube. All patients received standard treatment with oral vancomycin 500 mg q.i.d. for at least
five days before the procedure. After intervention, patients were followed up for at least six months. Data on
Clostridioides difficile infection recurrences and health status were collected and analyzed.

Results: The oral capsules group consisted of 30 patients. Among them, 22 (73.3%) participants experienced
resolution of symptoms after a single fecal microbiota transplantation, while eight (26.7%) patients developed
recurrent diarrhea within eight weeks. The other 30 patients received treatment via nasoenteric tube. Among
them, 24 (80%) patients were cured after a single fecal microbiota transplantation, while six (20%) experienced
recurrent disease within eight weeks. The primary efficacy did not show significant differences between
the two groups (p=0.85). Throughout the follow-up period, no serious adverse events or fecal microbiota
transplantation related deaths were reported in both groups.

Conclusions: Fecal microbiota transplantation with frozen oral capsules is a safe, less invasive method with
comparable efficacy to nasoenteric administration route.

Key words: fecal microbiome transplantation — recurrent Clostridioides difficile infection — treatment efficacy
— safety — oral capsules.

Abbreviations: C. difficile: Clostridioides difficile; CDI: C. difficile infection; FMT: fecal microbiota
transplantation; rCDI: recurrent C. difficile infection; SAE: serious adverse event.

INTRODUCTION infection (CDI) are managed with antibiotic therapies — with
metronidazole, vancomycin, and fidaxomicin currently being
recommended by clinical guidelines [2, 3]. Monoclonal antibody
Bezlotoxumab has displayed promising results in preventing
recurrent disease [4]. However, it is currently recommended
exclusively for patients with an elevated risk of recurrence
and has limited efficacy [2]. In recent years, fecal microbiota
transplantation (FMT) has proved its efficacy and safety as a
treatment modality for recurrent and refractory CDI infection [5-
7]. According to published systematic reviews and meta-analyses,
the efficacy of FMT for recurrent C. difficile infection (rCDI)
ranges from 85% to 90% [8-11]. Current guidelines endorse FMT
asarecommended intervention for cases of second or subsequent

Clostridioides difficile (C.
difficile) is an anaerobic, gram-
positive, spore-forming, toxin-
producing bacillus transmitted
through fecal-oral route. It is an
enteric pathogen causing from
mild to severe enterocolitis and
considered as the most often
cause of health care associated
infectious diarrhea [1]. First
and mild episodes of C. difficile
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CDI occurrences, while emerging data shows the potential
viability of early FMT interventions [12]. The transplantation of
gut microbiota can be facilitated through both upper and lower
gastrointestinal pathways. The initial approach involved the
administration of FMT via the lower endoscopic route, yielding
remarkable efficacy rates from 90% [12, 13]. Subsequently,
upper gastrointestinal techniques have emerged, demonstrating
commendable efficacy levels in the range of approximately
80% [14, 15]. Despite the satisfactory outcomes observed in
colonoscopy and enteric tube efficacy and safety results, less
invasive FMT methods such as oral capsules began to evolve.
Data from several studies showed promising efficacy results with
oral capsules [16-19]. In this study, we aimed to compare the
effectiveness of FMT for rCDI using orally administered frozen
capsules vs nasoenteric route of administration. We hypothesized
that a less invasive FMT delivery method may be an equally
efficacious alternative to existing standard FMT methods.

METHODS

This retrospective study aimed to compare two different
CDI treatment methods and included a cohort of 60 patients
who underwent FMT for recurrent CDI in Lithuanian
University of Health Sciences Hospital, Kauno Klinikos. All
recipients were treated in our hospital or referred to our
center from regional hospitals for FMT procedure from 2017
to 2021. Thirty consecutive participants received FMT via
oral capsules, with each patient administering 50 oral capsules
containing frozen material (50g) from a single donor over a
single day. Their outcomes were compared to the other group
of consecutive 30 patients who underwent FMT via nasoenteric
tube from 2020 to 2021. All patients who underwent FMT were
followed up for at least six months post-procedure. The study
protocol was reviewed and approved by the Kaunas Regional
Ethical Committee (Lithuanian University of Health Sciences,
Kaunas, Lithuania, approval number P2-BE-2-31/2018).
Written informed consent was obtained from all participants.

Study Population

All 60 FMT recipients were diagnosed with rCDI, which,
according to guidelines, is defined as an episode of CDI occurring
within 8 weeks of a previous episode and had experienced a
second or subsequent rCDI episode [20, 21]. Clostridioides
difficile infection was confirmed by recurrent diarrhea (>3
times/day) and ELISA test by detecting enterotoxins A and
B in patients’ feces (Simple 2a-bdiff /stick 2a-bdiff, Operon®,
Spain). The study population received sufficient treatment with
oral vancomycin 500 mg q.i.d for at least five days prior to
the FMT procedure in both nasoenteric and capsules groups.
Clostridioides difficile infection diagnostics and treatment are
standardized in our center, as published earlier [22]. None of
these patients had bowel lavage before FMT.

Donor Preparation

The donor screening protocol was conducted according
to the screening design outlined in previously published
guidelines [23, 24], updated according to newly published data
[25] and is routine screening protocol in our center [22]. Three
volunteer donors contributed fecal material for our study. These
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volunteers were in good health, under the age of 35, with no
identifiable risk factors or contraindications for stool donation.
The donors had no familial relationship with the patients. Prior
to donating fecal material, the donors confirmed they had not
undergone antibiotic therapy for at least six months leading up
to the donation. Furthermore, they had not experienced any
significant infectious diseases in the three months before or
during their participation in the fecal donation process. Donors
underwent a microbiological screening, which included
testing their blood for hepatitis A, B, and C viruses, human
immunodeficiency virus, Epstein Barr virus, Cytomegalovirus,
and Treponema pallidum. Stool samples were examined
for common pathogenic agents such as C. difficile, enteric
pathogens like Salmonella, Shigella, Campylobacter, Yersinia,
Norovirus, Giardia lamblia, and Cryptosporidium parvum,
as well as various protozoa and helminths. Additionally, the
donor feces were assessed for multi-drug-resistant bacteria,
including extended-spectrum beta-lactamase producing
Enterobacteriaceae (ESBL), vancomycin-resistant enterococci
(VRE), carbapenem-resistant Enterobacteriaceae (CRE), and
methicillin-resistant Staphylococcus aureus (MRSA). All FMT
recipients received feces from a single donor, and the feces
were donated at different time points.

Patient Preparation

Prior to FMT, all patients received CDI treatment with oral
antibiotics (vancomycin, or metronidazole as an alternative) for
at least 10 days. A minority of the patients treated in regional
hospitals received metronidazole. To standardize treatment
and ensure proper engraftment, all patients were additionally
treated with oral vancomycin 500 mg q.i.d. for a minimum of
five days before the procedure. Recipients received two doses of
oral omeprazole (40 mg): one in the evening before and another
in the morning of FMT administration day. Vancomycin was
discontinued at least 24 hours prior to FMT. Patients in both
groups did not undergo bowel preparation before the FMT
procedure.

Preparation of Stool

Feces were collected in special disposable containers. Each
patient in both groups received 50g of donor feces. The donor
feces were mixed with isotonic 0.9% NaCl solution using a
blender and mixed for five to eight minutes. After blending, the
material is filtered twice. The prepared fecal material is then
mixed with glycerol and deep-frozen at -80°C temperature.
For enteric tube preparation, an additional 0.9% NaCl isotonic
solution was added up to a total volume of 500 ml. The prepared
FMT suspension was then transferred to the special bag, which
was later attached to an 8 Fr nasoenteric tube (Kangaroo™
Nasogastric Feeding Tube, Cardinal Health, USA) [22]. For oral
capsules, deep-frozen feces were used. Unfrozen fecal material
was centrifuged twice, and sediments with supernatant were filled
into capsules (DRcaps® capsules, Lonza Group, Switzerland).

FMT procedure

Oral capsules group

Fecal microbiota transplantation was administered via
oral capsules, with each patient ingesting 50 frozen capsules
obtained from a single donor within a single day. The FMT
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material was administered over two-three hours. To mitigate
the risk of potential regurgitation and aspiration of donor
feces, patients were positioned upright at a 45° angle during
the procedure. Medical staff attended to patients during the
procedure and at 30-minute intervals for six hours following
the FMT, to monitor recipients and address any potential
complications associated with the procedure.

Enteric tube group

Following our successful experience FMT was performed
via nasoenteric tube for 30 patients, with the tube inserted
into the descending duodenum during upper gastrointestinal
endoscopy [22]. To minimize the risk of aspiration and
ensure proper placement of the tube within the duodenum,
an abdominal X-ray was conducted for all patient’s
post-endoscopy to confirm correct positioning. The
transplantation material was infused while patients were in
a supine position at a 45° angle. To prevent aspiration of the
infused material, patients were required to maintain this
45° upright position for a minimum of four hours following
transplantation.

To oversee recipients and mitigate potential complications
associated with FMT, medical staff provided continuous
attendance during the procedure and at 30-minute intervals
for six hours post-FMT. Following the delivery of FMT, the
nasoenteric tube was rinsed with 20 ml of water prior to
removal.

Evaluation of Outcomes

Resolved diarrhea was considered a positive response to
EMT therapy (20,21,26). Primary non-responders were defined
as patients who experienced treatment failure within the first
week of FMT, characterized by persistent diarrhea post-FMT.
Resolution of CDI was defined as the absence of diarrhea
for a period of eight weeks [20, 21]. After a successful FMT,

Table I. Patient baseline characteristics comparison

asymptomatic patients did not undergo stool testing for C.
difficile, as per guidelines [23].

RESULTS

Primary efficacy in capsules group was 73.3% compared
to 80% in nasoenteric group. No difference between groups
was found between age (p=0.97), gender distribution (males
p=0.82, females p=0.66), polymorbidity (p=0.79), number of
inflammatory bowel disease (IBD) (p=1) and immunosuppressed
patients (p=1) as shown in Table I. In the oral capsules group after
the first FMT procedure, 22 patients achieved clinical remission,
resulting in a primary cure rate of 73.3% compared to 24 patients
with resolved symptoms in enteric tube group. However, 14
patients (eight and six respectively) experienced recurrent
diarrhea within eight weeks. Non-responders were repeatedly
treated with oral vancomycin 500 mg q.i.d. for a minimum of
five days and received FMT with the same modalities.

More than half of the FMT recipients, comprising 17 in
the capsules group and 19 in the enteric tube group, were
polymorbid, indicating they had at least two chronic illnesses
prior to contracting CDI. No significant differences between
the groups were observed (p=0.79).

An equal number of patients (eight in both groups) were
immunosuppressed — were using glucocorticoids, anti-TNE,
azathioprine, tacrolimus for conditions not related to CDI and
continued using medication after FMT. Twelve patients (six in
both groups) had earlier been diagnosed with IBD. We did not
observe IBD flares in our patient’s cohort.

Throughout the follow-up period, no serious adverse events
or FMT-related deaths were observed. Minor side effects such
as bloating, nausea, abdominal discomfort, and diarrhea
occurred shortly after FMT, but all symptoms were resolved
within a few hours, and no additional medical attention was
required.

FMT by capsules ~ FMT by nasoenteric p
n=30 tube n = 30

Symptoms resolution after 1st FMT, n (%) 22(73.3) 24 (80) 0.85
Recurrent disease, n (%) 8(26.7) 6 (20) 0.77
SAE, n (%) 0(0) 0(0) 1
Age, mean (SD) 66.03 (20.69) 66.23 (17.89) 0.97
Males, n (%) 14 (47) 12 (40) 0.82
Females, n (%) 16 (53) 18 (60) 0.66
Polymorbidity, n (%) 17 (56.7) 19 (63) 0.79
IBD, n (%) 6 (20) 6 (20) 1
Ulcerative colitis, n (%) 4(13.33) 5(16.67) 1
Crohn’s disease, n (%) 2 (6.67) 1(3.33) 1
Immunosuppressed, n (%) 8% (26.67) 8%* (26.67) 1
Glucocorticoids, n (%) 5(16.67) 8 (26.67) 0.55
Immunosuppressant, n (%) 2 (6.67) 5(16.67) 0.43
Biological therapy, n (%) 4(13.33) 0(0) 0.12

*3 patients received more than 1 immunosuppressant drug, **5 patients received more than 1
immunosuppressant drug. SAE: serious adverse events; IBD: inflammatory bowel disease. The Fisher

Exact Test was used for statistical analysis.
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DISCUSSION

Fecal microbiota transplantation using orally administered
capsules has demonstrated significant efficacy in the treatment
of recurrent CDI and is a guideline-recommended modality
for centers with expertise [27]. Additionally, this approach
is characterized by its safety and reduced invasiveness in the
restoration of the normal gut microbiota. A meta-analyses
by Osman et al. [16] and Ramai et al. [28] evaluated FMT
effectiveness with different procedure modalities. Fecal
microbiota transplantation via colonoscopy remains the
dominating method with the highest reported cure rate,
from 81% up to 94.8%. Nevertheless, FMT by oral capsules
provided sufficient efficacy with a reported cure rate from 71%
to 92.2% after consecutive FMTs [16, 18, 28]. Other smaller
studies had shown cure rate ranging from 70-88% after single
EMT [29, 30]. This study offers comparable efficacy findings
following a single FMT. However, it implies that the utilization
of sequential FMTs, particularly when administered via easily
ingested oral capsules, may enhance cure rates [31, 32]. A mid-
study published meta-analysis on PPI use did not identify an
impact on FMT efficacy. However, it remained the standard
of care within our center. Any potential negative effects of PPI
use on CDI recurrence were associated with chronic PPI use.
Therefore, we decided to adhere to the initial protocol [33, 34].

Beran etal. [35] conducted a comprehensive meta-analysis
encompassing a cohort of 4327 patients who had undergone
EMT as a therapeutic intervention for recurrent or refractory
CDIL. This study investigated plausible patient-specific, disease-
related, and treatment-associated determinants contributing
to the likelihood of FMT failure. The authors successfully
pinpointed a constellation of pertinent risk factors, including
advanced age, severe manifestations of CDI, concurrent
coexistence of IBD, inpatient status at the time of FMT, post-
FMT administration of non-CDI antibiotics, suboptimal
bowel preparation, and a history of prior hospitalizations
associated with CDI [35]. Participants in the enteric tube and
oral capsules did not undergo pre-FMT bowel preparation
due to the preferential use of the upper gastrointestinal route.
The results of this study suggest similar potential reasons for
reduced efficacy between the oral capsule and enteric tube
groups. Both groups consisted of patients of advanced age
(mean (SD) age: 66.03 (20.69) vs 66.23 (17.89), respectively),
with more than half being polymorbid (56.7% vs 63%), and
20% of patients in both groups having IBD as a comorbidity.

Although FMT has demonstrated high efficacy rates
for rCDI, safety concerns have persisted. Numerous
comprehensive meta-analyses and studies have reported an
exceptionally low percentage of serious adverse events (SAEs)
associated with FMT [16, 36]. Furthermore, even among
high-risk patient groups with conditions such as severe or
fulminant CDI, IBD, immunosuppression, or advanced age,
the rate of adverse events remained within acceptable limits
[37-40]. In our study, we did not observe any instances of
serious or life-threatening complications linked to FMT. The
absence of SAEs underscores the importance of rigorous donor
screening, adherence to well-defined periprocedural protocols,
and diligent patient monitoring following FMT. During this
study, minor side effects were not recorded, as they usually
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resolve spontaneously and may be related to comorbidities,
endoscopy, prior vancomycin use, or CDI itself, and not directly
caused by FMT.

It is imperative to acknowledge several notable limitations
in the context of this study. Firstly, the validity of group
comparisons and data analysis may be constrained due to the
modest sample size and retrospective study design. Furthermore,
the interpretation of CDI severity evaluation and follow-up data
poses challenges, primarily arising from incomplete clinical data
and substantial prevalence of comorbidities. Discriminating
between complications stemming from FMT and exacerbations
of pre-existing medical conditions remain a particularly intricate
task within this framework. Furthermore, this study did not
include a placebo group, as vancomycin monotherapy has
been shown to result in symptom resolution in up to 45% of
patients, as demonstrated in a published study [41]. However, the
comparison of two different FMT methods remains valuable, as
the placebo effect would likely influence both groups similarly.
Lastly, feces from a single donor were donated over the four
years of the study. We acknowledge that microbial composition
may vary across multiple time points and could influence the
results; however, in this study, we did not analyze data on the
microbial composition of the donor feces.

CONCLUSIONS

A less invasive method of FMT with oral capsules
demonstrated efficacy comparable to that of the enteric tube.
The favorable safety profile of the procedure, along with its
adequate primary efficacy, encourages further development
of oral capsulized FMT methods.
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