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ABSTRACT

Background & Aims: Many studies have shown a high effectiveness of fecal microbiota transplantation
(FMT) in treatment of recurrent or refractory Clostridioides difficile infection (CDI). Nevertheless, data on
long term outcomes and complications after FMT are still lacking. We aimed to evaluate the efficacy, the peri-
procedural safety profile and the long-term efficacy and safety of FMT for recurrent CDI during a median
follow up period of 24 months.

Methods: Our study included 60 consecutive patients that were treated from 2015 to 2019 for recurrent CDI.
In all patients FMT was performed through the nasoenteric tube placed during gastroscopy. Fresh donor
feces were used for FMT from unrelated donors. Pre-FMT preparation included CDI treatment with oral
vancomycin 500 mg q.i.d. for at least five days and proton pump inhibitor (PPI) administration before FMT.
Follow up data included information about recurrent CDI episodes, early and late complications, health status
at 3, 12 and 24 months after FMT.

Results: FMT was performed in 60 patients (median age 72.5 years) with recurrent CDI. Clinical improvement
after the first FMT procedure was observed in 48 patients (80%). Ten of 12 initially non-responding patients
had a clinical resolution after a second FMT leading to an increased overall cure rate of 96.7 %. The remaining
two patients needed a third FMT with a final overall cure rate of 100%. Nine of 60 patients were under
immunosuppressive therapy. Six immunosuppressed patients were in the group of initial responders and the
remaining three in the initially non-responder group. We observed a very low rate of adverse events in the
short and long-term follow-up after FMT. During the first eight weeks after the FMT procedure, the death
of three patients occurred, but they were not related to the FMT procedure. Patients were followed up for
a median of 20 months, with the range from 12 to 55 months. During the follow-up period no long-term
serious adverse events (SAE) were documented.

Conclusions: Our study confirms excellent efficacy rates of FMT in the treatment of recurrent CDI. In addition,
this study shows that it is possible to avoid short term SAE when FMT is administered via a nasoenteric tube
by following a very stringent peri-procedural patient follow-up protocol. Our study also demonstrates good
safety with a low rate of long-term adverse events after FMT.

Key words: fecal microbiota transplantation — Clostridioides difficile — follow-up - adverse events -
immunosuppression.

Abbreviations: CDI: Clostridioides difficile infection; FMT: fecal microbiota transplantation; PPI: proton
pump inhibitor; SAE: serious adverse effect.

INTRODUCTION recognized risk factors for CDI and unfavorable outcomes of
the infection [1, 2]. First episodes of CDI infection are usually
managed by antibiotics and current guidelines recommend
using oral vancomycin as the first line treatment [3, 4].
Nevertheless, CDI tends to reoccur in a significant proportion
of patients and in the most severe cases intractable enterocolitis
may even result in fatal outcomes [5, 6].

Over the last years fecal microbiome transplantation

(FMT) has emerged as a very effective treatment option for

Clinical manifestations of
Clostridioides difficile infection
(CDI) range from mild to very
severe enterocolitis. Older
age, immunosuppression,
chemotherapy and chronic
kidney diseases are well
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recurrent or refractory CDI [4, 7-11]. The efficacy of FMT
for the management of recurrent CDI has been proven by a
recent meta-analysis [7, 12]. Furthermore, emerging evidence
suggests that FMT should be considered for patients with
severe and fulminant CDI refractory to antibiotic therapy
[13]. Fecal microbiome transplantation has been shown to
reduce health expenditure [14] and improve the quality of
life. More recently, FMT has been extensively studied in a
number of different indications including inflammatory bowel
diseases [15-18], irritable bowel syndrome [19-21], hepatic
encephalopathy [22, 23], tyrosine-kinase inhibitors induced
diarrhea [24] and other clinical conditions [25-27], although
CDlI still remains the only evidence-based indication in clinical
practice [28, 29].

Fecal microbiome transplantation procedure is considered
to be safe with a few serious adverse events (SAEs) [30, 31].
Most of FMT adverse events are minor (abdominal pain,
discomfort, bloating, flatulence) and SAEs like high-grade
fever, infection, sepsis, pneumonia, endoscopy related adverse
events are rare and the incidence of fatal complications are
extremely low [32]. Nevertheless, despite the increasing
availability of FMT in different countries [11], data on safety
especially in the long-term follow-up are still highly lacking.

In this study we aimed to evaluate the primary efficacy
of FMT treatment for recurrent CDI and factors associated
with the failure of initial FMT treatment. Furthermore, we
also aimed to investigate the peri-procedural safety profile of
the nasoenteric FMT delivery method using a stringent safety
protocol. Lastly, we wanted to evaluate the long-term efficacy
and safety of FMT for recurrent CDI during a median follow
up period of 24 months.

METHODS

Our study was based on a cohort of 60 consecutive patients
who had undergone FMT for recurrent or refractory CDI. All
patients for FMT procedure were referred to our centers. All
patients who had undergone FMT in our center since 1* of
December 2015 were included in the study and were followed
up until 1* of September 2020.

Recipients

All 60 patients included in this study had a second or
later episode of recurrent CDI or they failed to respond to
the conventional treatment of the initial CDI. Clostridioides
difficile infection diagnosis was confirmed by recurrent
symptoms (diarrhea >3 times/day) and ELISA test by detecting
enterotoxins A and B in patients’ feces (Simple 2a-bdiff /stick
2a-bdift, Operon, Spain). All patients had adequate treatment
with oral vancomycin 500 mg q.i.d for at least five days prior
to the FMT procedure. Written informed consent was obtained
from all the patients who participated in the study. The study
was approved by the Regional Ethical Committee (Protocol
No: BE-2-31).

Donor Selection

Donor screening protocol was performed based on the
screening design of previously published standards [10, 33].
Two donors unrelated to the patients, participated in the

donation of feces to our center. Donors were healthy, younger
than 35 years old with no risk factors and contraindications
for feces donation. Before donating feces, the donors were
confirmed to be without a history of using antibiotic therapy
for at least six months prior to feces donation. They also
did not have events of considerable infectious diseases 3
months before and during the participation in donating the
feces. Donors had to undergo microbiological screening
which consists of assessing blood for hepatitis A, B and C
viruses, human immunodeficiency virus, Ebstein Barr virus,
Cytomegalovirus, Treponema pallidum. Stools were assayed
for standard pathogenic agents: Clostridioides difficile, enteric
pathogens, including Salmonella, Shigella, Campylobacter,
Yersinia, norovirus, Giardia lamblia and Criptosporidium
parvum, protozoa and helminths.

Preparation of Stool for Transplantation

Fresh feces were used for FMT in the study. Feces were
collected in special disposable containers and later stored
in 4°C temperature until preparation but no longer than 6
hours. Preparation of FMT material was performed in fume
cupboards. 50 g of fecal material was mixed with 150 ml
isotonic 0.9 % NaCl solution using a blender. The mixture was
then filtered to remove solid mater and 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 that was later attached to 8 Fr nasoenteric tube (Kangaroo™
Nasogastric Feeding Tube, Cardinal Health, USA).

Patient Preparation and FMT Procedure

Prior to FMT all recipients had to complete at least five days
treatment of oral vancomycin 500 mg q.i.d. All the patients also
received two doses of omeprazole (40 mg): 1) in the evening
before and 2) on the morning prior to FMT administration.
Vancomycin was discontinued in the evening before the day
of FMT administration. Transplantation of fecal microbiota
for all 60 patients was performed via the nasoenteric tube
which was placed into the descending duodenum during upper
gastrointestinal endoscopy. To reduce the risk of aspiration
and to make sure that the tube was positioned inside the
duodenum, an abdominal X-ray was performed for all the
patients after endoscopy to confirm correct positioning of the
tube. Transplantation material was infused while patients were
lying in the bed in a 45° upright position. In order to prevent
the aspiration of the transfused material, the patients had to
stay in the same 45° upright position for at least 4 hours after
transplantation. With the aim to monitor recipients and avoid
complications associated with the FMT, patients were under
attendance of medical staff during the procedure and every 30
minutes, for six hours following FMT. After delivery of FMT,
the nasoenteric tube was rinsed with 20 ml of water before
removal. If needed, a second or a third FMT procedure was
performed using the same protocol using feces from the same
donor as for initial FMT.

Evaluation of Qutcomes

Resolution of the diarrhea was considered as an initial
response to FMT therapy [8, 34, 35]. Primary non-responders
were defined as patients who experienced failure within the
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first week of FMT including ongoing diarrhea after FMT. We
have defined the cure of CDI as absence of diarrhea for 8 weeks
[34, 35]. Additional stool testing for Clostridioides difficile
was not performed, as it is not recommended by guidelines
[10]. Our patients were followed-up from the date of the
procedure until 1* of September 2020. Their health status was
followed for at least 12 months after FMT with the longest
follow-up period of 55 weeks. A minority of patients had
outpatient visits and most patients received a telephone call
by physicians. Data about early adverse events, including the
appearance of abdominal pain, recurrent diarrhea, fever and
any other new symptom, were collected. In the later follow up
period, the questionnaire included questions about late adverse
events, hospital admissions and newly occurred autoimmune,
infectious, metabolic disease.

Statistical Analysis

Statistical analysis was performed with the SPSS 22.0
package. Descriptive statistics were presented as mean +
standard deviation for continuous variables and as percentages
for categorical variables.

RESULTS

Our study included 60 consecutive patients that were
treated in our centers from 2015 to 2019 for recurrent or
refractory CDI. The median patient age was 72.5 and the range
was 32-99 years. Twenty-eight females (46.7%) and 32 males
(53.3%) were included in this study. The mean of previous CDI
episodes before FMT was 2.7+1.3 ranging from one to seven
times. Nine (15%) patients were under immunosuppressant
therapy (glucocorticoids, azathioprine, methotrexate,
tacrolimus or mycophenolate mofetil) and continued using
these medications after FMT. Fifty patients (83.3%) within
our cohort had comorbidities, which were defined by the
presence of two or more chronic diseases in a patient. Patients
included in this study were treated with standard therapies
using metronidazole, vancomycin before FMT and failed to
show clinical improvement. Fecal microbiota transplantation
was chosen as the treatment option for patients after the second
or later CDI recurrence or for those who failed to respond to
standard therapies.

Follow up data after FMTs included information about
recurrent CDI episodes, early and late complications, health
status at 3 and 12, 24 and 36 months after FMT where available
and at the end of the follow-up period. Median follow-up time
was 20 months (range: 1-55 months). Forty-eight out of 60
patients achieved full remission after the first FMT resulting
in a 80% primary cure rate. Primary non-responders were
defined as patients who experienced failure within the first
week of FMT including ongoing diarrhea after FMT. Twelve
patients had recurrent diarrhea after initial FMT, and they
repeated FMT via the nasoenteric route after receiving oral
vancomycin 500 mg q.i.d. for at least five days once again.
Ten of 12 patients responded to the second FMT with a full
resolution of diarrhea.

In two patients, diarrhea persisted after the second FMT
procedure. The first patient had type 2 diabetes, Parkinson’s
disease, stage 4 chronic kidney disease, chronic lung disease,
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senile myocardial infarction, hypothyroidism in his medical
history. The second patient received broad spectrum antibiotics
for pneumonia and skin infection treatment. For both patients
FMT was performed for the third time and clinical remission
was achieved resulting in a final overall cure rate of 100%. All
12 recurrent CDI after first FMT occurred no longer than 7
weeks after initial FMT.

Follow up data and adverse events are presented in Table
. Three patients died within 8 weeks after FMT, but all
these deaths were not FMT related. All three patients had
comorbidities and fatal outcome was associated with existing
chronic diseases. One patient was hospitalized due to ileus
three weeks after FMT, but we could not confirm that it
was related to FMT. This patient received conservative ileus
treatment and fully recovered with the appropriate treatment.

Table I. Adverse events after fecal microbiota transplantation (FMT)

Adverse event N %

Periprocedural adverse events

Regurgitation of donor feces or vomiting 0 0
Fever after FMT 1 1.67
Pneumonia after FMT 0 0
Endoscopy related events 0 0

Adverse events at 12 weeks of follow-up

Other probably FMT related events 1 1.67

Deaths (FMT related) 0 0

Deaths (not FMT related) 3 2.5
Adverse events at the end of the follow-up period

New onset oncologic diseases 0 0

New onset cardiovascular diseases 0 0

Deaths (not FMT related) 6 5

After the FMT procedure a few minor adverse events
were noted. Some patients reported nausea, slight abdominal
discomfort, but these symptoms resolved within several hours
after completion of FMT. There was one reported fever episode
within 12 hours of FMT. Despite a single fever episode, response
to treatment was adequate and no recurrent CDI occurred in this
patient. During our study no SAEs was documented. Six patients
died during the follow-up period due to severe comorbidities;
all of them had a positive response to FMT.

We grouped initial responders and patients who recurred
after the first FMT and analyzed their clinical data (Table II).
No significant differences were found between these groups in
terms of age, gender distribution, previous use of antibiotics, or
use of immunosuppressant drugs. Distribution of people with
comorbidities was similar in both groups (83.3%).

DISCUSSION

This study confirms the excellent efficacy of FMT for
recurrent and refractory CDI treatment. In the present study,
the primary CDI cure rate was 80% and with repeatedly
performed FMT all 60 patients achieved complete symptoms
resolution. Within our cohort of patients, there was no
significant difference between immunocompromised and
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Table I1. Comparison of patient characteristics between initial responders and non-responders after
first fecal microbiome transplantation for recurrent Clostridioides difficile infection (CDI)

Responder (n=48) vs ~ Non-responders (n=12) p

Age (years)

Median 67.5

Mean + SD 71.8£12.9 61.7+19.5 0.124

Range [37-99] [32-85]
Gender, n(%)

Female 27 (56.3) 6 (50) 0.697
Previous episodes of CDI

Mean + SD 2.6+1.3 2.6£1.3 0.804

Range [1-7] [1-5]
Use of immunosuppressants, n(%) 6 (12.5) 3 (25) 0.365
Comorbidities, n(%) 40 (83.3) 10 (83.3) 1

immunocompetent patient groups with respect to efficacy
of FMT for recurrent CDI. Most importantly, our study
demonstrates that FMT is a safe procedure with a very low risk
both in the short and long-term follow up periods and enriches
the area of knowledge related to FMT related adverse events
where data are still scarce.

Systematic reviews and meta-analyses by Quraishi et al.
[12] and lately Ianiro et al. [7] showed the high efficacy of
FMTs for recurrent CDI administered by upper gastrointestinal
route. Nevertheless, there are certain risk factors that are
emerging as predictors of early or late treatment failure. A
recently published study concluded that the use of non-CDI
antibiotics, diagnosis of inflammatory bowel disease, severe
CD], poor quality of colonoscopy preparation and inpatient
status can predict FMT failure [36]. In our cohort only two
patients failed to achieve clinical remission after one or two
FMT, while 80% were successfully treated just with one FMT
procedure. Reduced efficacy of FMT could be associated with
underlying comorbidities, immunosuppressant drugs, severe
CD], inpatient status, use of non-CDI antibiotics [36-39].
Previously published data also suggest that initial multiple
infusions might increase FMT efficacy [7]. We did not
observe significant differences when comparing the clinical
characteristics of responders and non-responders, but this
could be related to the sample size of the population.

There is a debate regarding the safety and effectiveness
of FMT in immunocompromised patients. Earlier studies
showed that FMT was equally effective for patients under
immunosuppression therapy [40]. A later systematic review
supports this statement, also suggesting that researchers did not
observe increased rate of adverse events in immunosuppressive
patients [41-43]. Small studies suggest that FMT have equal
efficacy and is safe for cancer patients who undergone
chemotherapy [44]. Nevertheless, Allegretti et al. [45] identified
immunosuppressive therapy as risk factor for FMT failure then
multiple FMTs were performed for recurrent CDI disease.
From our data FMT eflicacy and safety for immunosuppressed
patients was equal to immunocompetent patients, but we are
aware that only nine patients with immunosuppression therapy
were included. Despite good initial results further larger studies
are needed to evaluate FMT therapy safety and efficacy for
immunosuppressed patients.

As a general rule, short-term SAEs after FMT are rare
and mostly procedure related. Complications of FMT
administration via upper gastrointestinal route are most
often related to material regurgitation which can lead to
aspiration pneumonia and death [32, 46]. In order to prevent
procedure related SAEs, we followed all the patients with very
stringent peri-procedural follow-up protocol that is described
in the method section. We believe that these measures may
help to avoid procedure related complications when FMT
is administered via the nasoenteric route. Emerging studies
showed excellent FMT safety and low SAE rates for both upper
and lower gastrointestinal transplant delivery routes [31, 47].
Saha et al. [48] has recently published a prospective study that
included 609 patients and their follow-up data showed that
FMT was safe and was associated with very low rates of SAEs.
Nevertheless, FMT still lacks prospective efficacy and safety
information [49]. In our study 20 patients were followed for
up to 36 months and no SAEs or FMT related deaths were
documented. It is worth pointing out the remaining concerns
about infectious disease transmission. Several case reports
suggested that enteric pathogens were transmitted through
the donor feces [50, 51]. These patients have developed
Escherichia coli infections and three reported deaths could be
related to FMT transmitted infection as issued by the Food
Drug Administration (FDA) [51-53]. For this reason, a long-
term and in-depth follow up are highly indicated to evaluate
the possibility for transfer of infections, chronic diseases or
alterations of gut microbiota.

Bowel lavage is recommended by guidelines for both upper
and lower gastrointestinal routes in preparation for FMT [10].
However, there is not enough data to confirm its benefits when
transplantation is performed via the upper gastrointestinal
route [30]. Several studies show similar efficacy results without
bowel preparation compared to studies when bowel lavage
was used [12, 33, 46]. For this reason, bowel preparation
was not used because it greatly increases patients’ comfort,
and we did not observe decreased efficacy in this study. A
recent systematic review and meta-analysis identified poor
bowel preparation as a risk factor for FMT failure when lower
gastrointestinal route was chosen [36]. Further studies are
welcome to properly evaluate bowel preparation efficacy for
FMT via upper gastrointestinal route.
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This study has several limitations that need to be
acknowledged. The results of the study and subgroup
analyses might be limited by the relatively small sample
size. Furthermore, complete data on clinical characteristics
was not available for all patients because many of them were
referred for FMT from other clinical centers. Our study
included patients with FMT since the year 2015 and the cohort
included the use of fresh feces. We want to emphasize that
our center currently uses only frozen fecal material for FMT
and tests them 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) and such practice should
be followed by other centers as suggested currently in the
available guidelines [29, 49]. Furthermore, additional testing
for COVID-19 is mandatory and should be implemented due
to the world-wide pandemic situation [54]. We also admit that
the administration of FMT via colonoscopy might have slightly
higher efficacy results and the choice of FMT administration
should be carefully considered in each center.

CONCLUSIONS

Our study confirms excellent rates of FMT efficacy in the
treatment of recurrent CDI. In addition, this study shows
that it is possible to avoid short term SAEs when FMT is
administered via the nasoenteric tube by following a very
stringent peri-procedural patient follow-up protocol. Our
study also demonstrates good safety with low risk of long
adverse events after FMT.
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