@ﬁ SPANDIDOS
,3,‘ PUBLICATIONS

EXPERIMENTAL AND THERAPEUTIC MEDICINE 19: 2650-2660, 2020

Fecal microbiota transplantation ameliorates
active ulcerative colitis

HUIL-TING CHEN'?*, HONG-LI HUANG'?*, HAO-MING XU'?, QING-LING LUO'?, JIE HE'?,
YONG-QIANG LI'?, YOU-LIAN ZHOU'*?, YU-QIANG NIE'? and YONG-JIAN ZHOU'?

lDepau“[rnent of Gastroenterology, Guangzhou First People's Hospital, School of Medicine, South China

University of Technology; 2Department of Gastroenterology, Guangzhou Digestive Disease Center, Guangzhou

First People's Hospital, Guangzhou Medical University, Guangzhou, Guangdong 510180, P.R. China

Received July 3, 2019; Accepted January 3, 2020

DOI: 10.3892/etm.2020.8512

Abstract. Ulcerative colitis (UC) is a complex chronic
pathological condition of the gut in which microbiota targeted
treatment, such as fecal microbiota transplantation (FMT), has
shown an encouraging effect. The aim of the present study was
to investigate the efficacy and safety of FMT in patients with
mild or moderate UC. A single-center, open-label study was
designed, including 47 patients with mild or moderate active
UC who received three treatments of fresh FMT via colonic
transendoscopic enteral tubing within 1 week. The inflam-
matory bowel disease questionnaire, partial Mayo scores,
colonoscopy, erythrocyte sedimentation rate, C-reactive
protein level and procalcitoin values were used to assess the
efficacy of FMT and alteration in gut microbiota was detected
by 16S ribosomal RNA-sequencing. Before FMT, microbiota
Faecalibacterium prausnitzii (F. prausnitzii) levels were
significantly decreased in patients with UC compared with
healthy donors (P<0.01). At 4 weeks post-FMT, F. prausnitzii
levels were significantly increased (P<0.05), and the Mayo
score was significantly decreased (1.91£1.07 at baseline vs.
4.02+1.47 at week 4; P<0.001) in patients with UC compared
with healthy donors. Steroid-free clinical responses were
reported in 37 patients (84.1%), and steroid-free clinical remis-
sion was achieved in 31 patients (70.5%) at week 4 post-FMT,
however, steroid-free remission was not achieved in any patient.
No adverse events were reported in 41 (93.2%) patients after
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FMT or during the 12-week follow-up. Shannon's diversity
index and Chaol estimator were also improved in patients with
UC receiving FMT. In conclusion, the results of the present
study suggested that FMT resulted in clinical remission in
patients with mild to moderate UC, and that the remission
may be associated with significant alterations to the intestinal
microbiota of patients with UC. Furthermore, F. prausnitzii
may serve as a diagnostic and therapeutic biomarker for the
use of FMT in UC.

Introduction

Inflammatory bowel disease (IBD), including ulcerative colitis
(UC) and Crohn's disease, is characterized by chronic relapsing
inflammation of the gastrointestinal (GI) tract (1). Over the past
20 years, the incidence and prevalence of IBD has risen sharply in
developing areas of the world, including in Asia, South America,
the Middle East and Africa (2). In China, the total number of
IBD cases between 2005 and 2014 was ~350,000 and it has
been predicted that the number of patients with IBD will reach
1.5 million by 2025 (2). IBD is primarily caused by the aber-
rant activation of the immune system in response to abnormal
alterations to the gut environment (3). Furthermore, the diverse
microbiota in the GI tract serves a critical role in the develop-
ment of IBD (4). In a previous study, significantly increased
levels of Fusobacterium spp. and Enterrococcus faecalis were
identified in the feces of patients with IBD compared with
healthy controls (5). IBD has also been reported to be correlated
with decreased levels of Erysipelotrichales, Bacteroidales,
Clostridiales and Faecalibacterium prausnitzii, and an
increased abundance of Enterobacteriaceae, Pasteurellacaea,
Veillonellaceae, Proteobacter and Fusobacteriaceae (6).

The treatment options for UC are based on a variety of
parameters, including patient age, severity of disease, relapse
frequency and disease course (7). At present, the standard treat-
ment strategies for UC include anti-inflammatory therapeutics,
systemic administration of steroids, immunosuppressants
and biologics, and even surgery (8). However, a substantial
proportion of patients with UC are resistant or intolerant to
the standard treatment strategies, therefore, the manipulation
of enteric microbiota has become a focus for the treatment of
UC (6).
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Fecal microbiota transplantation (FMT) is a therapeutic
process in which the fecal microbiota of a healthy donor is
transplanted into a diseased recipient to reconstruct the gut
microbial community and restore microbial homeostasis (9).
Based on a previous study that reported an overall cure
rate of 90% for refractory or recurrent Clostridium difficile
(C. difficile) infection with FMT, researchers are investigating
the use of FMT in intestinal diseases, including in IBD (10).
Previous studies have demonstrated the therapeutic effects of
FMT in IBD (11,12); however, its effects on UC have not been
investigated extensively.

The safety and efficacy of FMT in patients with UC has
been assessed in three small, randomized controlled clinical
trials (RCTs) (13-15). The three studies differed in terms of
infusion protocol, weekly treatment and clinical outcomes.
The study conducted by Moayyedi et al (13) reported that
FMT induced remission in patients with active UC. A total of
70 patients with active UC were treated weekly with FMT or
water enema (placebo) for 6 weeks. The remission rate (full
Mayo score <2; endoscopic Mayo score=0) in the FMT group
was significantly higher compared with the placebo group
(24% vs. 5%, respectively). A recently published systematic
review conducted by Costello et al (16) meta-analyzed 14
cohort studies and 4 RCTs, including 308 FMT-treated patients
with UC. In these meta-analyses of RCTs, it was reported that
FMT effectively treated UC with a clinical remission rate of
28% (39/140) in patients treated with FMT, compared with
9% (13/137) in patients treated with the placebo. Furthermore,
clinical response was achieved in 49% (69/140) of patients
treated with FMT compared with 28% (38/137) of patients
treated with the placebo. In the 14 cohort studies, 24% (39/168)
of patients treated with FMT achieved clinical remission.

Although a number of studies have reported the beneficial
effect of FMT for UG, it is still unclear how the GI microbiota
impacts UC status. In the present study, the efficacy and safety
of FMT was assessed in patients with mild to moderate active
UC by assessing clinical responses and identifying associated
components in the fecal microbiota.

Materials and methods

Study design and patients. The present study was conducted
to assess the efficacy and safety of FMT in patients who were
treated for mild to moderate active UC at Guangzhou First
People's Hospital between January 2017 and December 2017
and approved by the Ethics Committee of Guangzhou First
People's Hospital (approval no. K-2017-103-02). In total, 47
patients (age, 18-75 years) were enrolled over this period.
The baseline demographic and clinical characteristics of the
patients are summarized in Table I. Written informed consent
was obtained from all participants. UC was diagnosed based
on clinical, endoscopic and histological criteria, including
clinically and endoscopically active UC, a total Mayo score of
3-10, a Mayo endoscopy subscore =1 and a Physician's Global
Assessment subscore <2 (17). Mild activity was defined as a
total Mayo score of 3-5 and moderate activity was defined as
a score of 6-10. The exclusion criteria for patients with UC
were as follows: Severe disease activity (total Mayo clinical
score >10); indeterminate colitis; co-morbid chronic disease;
food allergy; irritable bowel syndrome; history of bowel
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cancer, pregnancy or other severe diseases, including diabetes
and cancer; GI surgery (except for appendicectomy) during
the 3 months before enrollment; used antibiotics or probiotics
during the 4 weeks before enrollment; and had been followed
up for <8 weeks. Furthermore, patients with GI infections,
including parasitic and C. difficile infections, were excluded
from the study. During the current study, concomitant treat-
ments using S-aminosalicylic acid, immunomodulators or
anti-tumor necrosis factor (TNF) agents were permitted, as
long as the dose was stable prior to enrollment. Furthermore,
patients were not allowed to take antibiotics, probiotics or
corticosteroids during the present study, and patients who were
previously on steroid treatment (corticosteroids) were taken off
of the treatment 1 month prior to enrollment.

Healthy stool donors were recruited and screened using
previously described criteria (18). Healthy donors (3; sex, male;
age, 24-29 years; median age, 25 years) were selected from
volunteers able to attend Guangzhou First People's Hospital,
who were not pregnant and had good dietary and sleep habits
(reported sleep of 7-8 h per day; reported taking part in physical
exercise >3 times per week; did not eat fast food; did not smoke;
did not drink alcohol). Prior to sample donation, the following
laboratory tests were performed: Blood (complete blood count),
erythrocyte sedimentation rate (ESR), procalcitonin (PCT),
C-reactive protein (CRP), biochemical, hepatitis A, hepatitis
B, hepatitis C, human immunodeficiency virus (HIV), syphilis
and stool tests (stool parasites, ova and culture). Donor exclusion
criteria were as follows: Infectious diseases (HIV, hepatitis B or
C); high-risk sexual behavior; use of illicit drugs; communi-
cable disease (for example, upper respiratory tract infection);
GI co-morbidities (history of or current IBD, irritable bowel
syndrome, chronic constipation, chronic diarrhea, intrinsic GI
illness/condition, history of or current GI malignancy or polyp-
osis, family history of colorectal cancer or history of major GI
surgery); use of antimicrobials, probiotics or systemic antineo-
plastic agents during the 12 weeks prior to sample collection;
other conditions, including systemic autoimmunity, metabolic
syndrome, obesity (body mass index =30) or moderate to severe
undernutrition/malnutrition; history of malignant illness; and
ongoing oncologic therapy.

Transendoscopic enteral tubing (TET) tube insertion.
Standard bowel preparation (19) was performed using
polyethylene glycol-electrolyte solution and subsequently, a
colonoscopy was performed in each patient to examine the
whole colon and distal ileum. A TET (FMT Medical Co., Ltd.)
tube was inserted via the anus as far as the terminus of the
ileum, using an endoscope, and while the head of the TET
tube was kept stable, the endoscope was carefully removed.
The endoscope was reinserted and the head of the TET was
fixed with a clamp that was attached to the intestinal wall
(Fig. S1A). An additional two loops of the TET were fixed with
clamps to the intestinal wall while removing the endoscope
(Fig. SIB and C). The end of the TET was fixed with tape to
the sacral skin (Fig. S1D), as previously described (20,21). The
appearance of the TET tube is detailed in Fig. S2.

Feces preparation and intervention. The fresh fecal samples
were collected in a clean room next to the FMT operating
room. The feces was inspected visually by examining the
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Table I. Baseline patient characteristics.

Parameters Data
Total patients 440
Age (years) 44 4+15.5
Sex
Male 25.0 (57%)
Female 19.0 (43%)
Smoke
Smoker 9.0 (20%)
Non-smoker 35.0 (80%)
Disease extent
Proctitis 10.0 (23%)
Left-sided 24.0 (54%)
Extensive 10.0 (23%)
Disease duration (months) 55.7+25.3
Concomitant drugs
None 4.0 (9%)
Oral 5-aminosalicylate 28.0 (64%)
Oral immunomodulator (azathioprine,
cyclosporine, methotrexate) 10.0 (23%)
Oral steroids 11.0 25%)
Previous anti-TNF therapy 4.0 (9%)
Total Mayo score 59420
Mayo endoscopic subscore 1.9+0.7
1 13.0 (30%)
2 23.0 (52%)
3 8.0 (18%)
UCEIS score 44421
Mayo clinical score 4.0£1.5
IBDQ score
ESR (mm/h) 25.5+£20.6
CRP (mg/1) 3.0+0.7
PCT (ng/ml) 0.1£0.0
White blood cell count (x10° cells/l) 73+1.9
Red blood cell count (x10' cells/l) 4.4+0.7
Hemoglobin (g/1) 121.5+24.8
Platelet count (x10? cells/1) 309.3+112.7
Albumin (g/1) 37.8+4 4

Data are presented as the number of patients (%) or the mean +
standard deviation. Total Mayo scores range from 0-12 and Mayo
endoscopic subscores range from 0-3; higher scores indicate severe
disease. UCEIS scores range from 0-8; higher scores indicate severe
endoscopic disease. IBDQ scores range from 32-224; higher scores
indicate an improved quality of life. TNF, tumor necrosis factor;
UCEIS, Ulcerative Colitis Endoscopic Index of Severity; IBDQ,
Inflammatory Bowel Disease Questionnaire; ESR, erythrocyte sedi-
mentation rate; CRP, C-reactive protein; PCT, procalcitonin.

form and the presence of blood and/or mucous. Within 0.5 h
of collection, ~150-200 g donated fresh feces was dissolved
in 1000 ml physiological saline and was purified using the
GenFMTer automatic purification system (FMT Medical
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Co., Ltd.), which performs microfiltration and centrifugation
steps to obtain a centrifuged microbiota sample (according
to the manufacturers protocol). At 1 day post-TET insertion,
150 ml physiological saline containing ~50 cm’ centrifuged
microbiota was infused into the entire colon of the patient via
the TET tube. Patients were required to remain in the right
lateral position for =30 min after FMT (to maintain the largest
contact area between microbiota and intestines) and were
allowed to eat 2 h later. The FMT procedure was repeated
every other day for a total of 3 treatments, with each patient
only receiving FMT obtained from the same donor (20). The
FMT of each donor was batched and fecal samples were stored
at -80°C until further use.

Follow-up. FMT follow-up visits were scheduled at weeks 1,
4 and 12. At each visit, bowel frequency, bleeding, GI symp-
toms, adverse events (AEs), changes in medication and quality
of life of the patient were assessed using the Inflammatory
Bowel Disease Questionnaire (IBDQ) (22). The partial Mayo
scores were calculated based on bowel frequency, rectal
bleeding and the Physician's Global Assessment score. At
weeks 4 and 12, blood and stool samples were collected for
blood tests and the determination of ESR, CRP and PCT
values. Molecular microbiological analyses were performed
using fecal samples obtained from patients 1 day prior to FMT,
and 4 and 12 weeks after FMT.

Extraction of genomic DNA. Total genomic DNA was extracted
from the fecal samples using the cetyl trimethylammonium
bromide/sodium dodecyl sulfate method and DNA concentra-
tion and purity were monitored by gel electrophoresis using 1%
agarose gels, as previously described (23). DNA was diluted to
1 ng/ul with sterile water before loading on the gel.

Amplicon generation. 16S ribosomal (r)RNA/18S
rRNA/internal transcribed spacer (ITS) genes in different
regions (16S V4, 16S V3-V4, 16S V4-V5, 18S V4, 18S V9,
ITS1 and ITS2) were amplified using the following primers:
16S V4, 515 forward, 5'-GTGCCAGCMGCCGCGGTA
A-3' and 806 reverse, 5-GGACTACHVGGGTWTCTA
AT-3'; 16S V3-V4, 341 forward, 5-CCTAYGGGRBGCASC
AG-3" and 806 reverse, 5'-GGACTACNNGGGTATCTA
AT-3'; 16S V4-V5, 515 forward, 5-GTGCCAGCMGCCGCG
GTAA-3' and 907 reverse, 5'-CCGTCAATTCCTTTGAGT
TT-3,18S V4 528 forward, 5-GCGGTAATTCCAGCTCCA
A-3" and 706 reverse, 5-AATCCRAGAATTTCACCTCT-3';
18S V9 1380 forward, 5'-CCCTGCCHTTTGTACACAC-3'
and 1510 reverse, 5'-CCTTCYGCAGGTTCACCTAC-3;
ITS1 1F forward, 5-CTTGGTCATTTAGAGGAAGTAA-3'
and 1F reverse, 5'-GCTGCGTTCTTCATCGATGC-3"; ITS2
1TS3-2024 forward, 5-GCATCGATGAAGAACGCAGC-3'
and ITS4-2409 reverse, 5-TCCTCCGCTTATTGATAT
GC-3'. All PCR reactions were carried out in 30 ul reactions
with 15 pl of Phusion® High-Fidelity PCR Master Mix (New
England Biolabs, Inc.); 0.2 uM of forward and reverse primers,
and ~10 ng template DNA. Thermal cycling consisted of
initial denaturation at 98°C for 1 min, followed by 30 cycles of
denaturation at 98°C for 10 sec, annealing at 50°C for 30 sec
and elongation at 72°C for 30 sec. Final extension was at 72°C
for 5 min. Subsequently, the PCR products were mixed with
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the same volume of 1X Loading Buffer (Takara Bio, Inc.) and
visualized by gel electrophoresis on a 2% agarose gel. The
PCR products were excised and purified from the agarose
gel using the GeneJETTM Gel Extraction kit (Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.

Library preparation and sequencing. Sequencing libraries
were generated from the amplified genomic DNA using the Ion
Plus Fragment Library kit (48 rxns; Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocol. Library quality
was assessed on the Qubit® 2.0 Fluorometer (Thermo Fisher
Scientific, Inc.). The library was sequenced on the Ion S5™
XL system (Thermo Fisher Scientific, Inc.) and single-end
reads (400/600 bp) were generated.

Sequence analyses. Sequence analyses were performed using
Uparse software (version 7.0.1001; driveS.com/uparse) (24).
Sequences with 297% similarity were assigned to the same
operational taxonomic units (OTUs). Representative sequences
from each OTU were screened for further annotation. After
the samples were rarefied to the same sequencing depth, and
o and 3 diversities, differential OTU abundance analyses
were performed using Uparse and Quantitative Insights Into
Microbial Ecology software (version 1.7.0; gqiime.org/) (25).
Shannon's diversity index was used to display the diversity
of the gut microbiota. Chaol estimator was used to display
the richness of the microbiota. Metastats analysis was used to
analyze the diversity of bacteria in different groups (26).

Outcomes. The primary outcomes referred to as steroid-free
clinical responses at week 4 after FMT were as follows: A
decrease of =3 points in the Mayo score, a reduction =50% in
total Mayo subscores of rectal bleeding plus stool frequency,
or both. The secondary outcomes were as follows: Steroid-free
clinical remission (total Mayo subscore <1 for rectal bleeding
plus stool frequency), steroid-free remission (total Mayo score
<2 with no individual subscore =1, and mucosal healing defined
by a Mayo endoscopy subscore <1), quality of life (assessed
with the IBDQ) and safety (assessed by AEs) (27). At week 12
after FMT, the patients were categorized into responder and
non-responder groups, a responder was defined by a decrease
of =3 points in the Mayo score, a reduction =50% in total Mayo
subscores of rectal bleeding plus stool frequency, or both; a
non-responder was defined by a decrease of <3 points in the
Mayo score and a reduction <50% in total Mayo subscores of
rectal bleeding plus stool frequency.

Statistical analysis. Data are presented as the percentage of
patients or the mean + standard deviation. The y%? test, unpaired
t-test, Fisher's exact test or Wilcoxon signed rank test were used
to compare data containing two groups. One-way ANOVA
followed by Tukey's post hoc test was used to compare data
containing =3 groups. All statistical analyses were performed
using SPSS software (version 23.0; IBM Corp.). P<0.05 was
considered to indicate a statistically significant difference.

Results

Clinical results. Between January 2017 and December 2017,
a total of 78 patients were recruited, however, only 47 were
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Table II. Outcomes of fecal microbiota transplantation.
Outcome Week 4 Week 12
Steroid-free clinical remission 31 (70.5%) 30 (68.2%)
Steroid-free clinical response 37 (84.1%) 34 (77.3%)
Steroid-free remission 0 0

Data are presented as the mean+standard deviation (= 44). Steroid-free
clinical remission was defined as a total Mayo subscore <1 for rectal
bleeding plus stool frequency. Steroid-free clinical response was
defined as a decrease by =3 points, reduction by =50% from base-
line or both in total Mayo subscores for rectal bleeding plus stool
frequency. Steroid-free remission was defined as a total Mayo score
<2, no individual subscore =1 and Mayo endoscopy subscore <1.
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Figure 1. Clinical and endoscopic responses to triple infusions of FMT. The
efficacy of FMT at week 4 was evaluated using the Mayo clinical score. The
lower and upper margins of the box represent the 25th and 75th percentiles,
with the extended arms representing the 10th and 90th percentiles, respec-
tively. The median is presented as a horizontal line within the box. FMT,
fecal microbiota transplantation.

enrolled in the present study, as some did not meet the inclu-
sion criteria/met one of the exclusion criteria. After FMT, three
patients dropped out of the study before week 4, therefore,
only 44 patients were included in the analyses at week 4 and
12. The baseline demographic and clinical characteristics of
the patients are summarized in Table I, and the FMT outcomes
are summarized in Table II. At week 4, steroid-free clinical
response and steroid-free clinical remission were observed in
37 (84.1%) and 31 (70.5%) patients, respectively. Steroid-free
remission was not achieved in any patient (Table II).
Accordingly, the patients were categorized into responder and
non-responder groups. These two groups displayed no signifi-
cant differences in their baseline demographic and clinical
characteristics (Table III). The clinical response rate was
higher in patients with mild active UC (18/23, 78%) compared
with patients with moderate active UC (16/21, 76%), although
no statistical significance was observed between these two
groups. The clinical response rate in patients with a lower
Mayo endoscopic subscore (10/13, 77%) was similar compared
with patients with a higher subscore (24/31, 77%; Table III).
Furthermore, the UC endoscopic index of severity scores
suggested a similar outcome to the Mayo endoscopic subscores
(Table III). The association between the clinical response rate
and clinical parameters, including age, sex, smoking, disease
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Parameters Responders (n=34) Non-responders (n=10) P-value
Age (years) 42.7x14.5 49.1+14 4 0.25
Sex 0.30
Male 22.0 (62%) 4.0 (40%)
Female 12.0 (38%) 6.0 (60%)
Smoke 0.69
Smoker 6.0 (18%) 3.0 (30%)
Non-smoker 28.0 (82%) 7.0 (70%)
Disease extent 0.93
Proctitis 8.0 24%) 2.0 (20%)
Left-sided 18.0 (52%) 6.0 (60%)
Extensive 8.0 (24%) 2.0 (20%)
Disease duration (months) 56.4+24 4 53.3£29.5 0.74
Concomitant drugs
None 3.0 (9%) 1.0 (10%)
Oral 5-aminosalicylate 21.0 (62%) 7.0 (70%) 0.92
Oral immunomodulator 8.0 (24%) 2.0 (20%) 0.84
Oral steroids 9.0 (26%) 2.0 20%) 1.00
Previous anti-TNF therapy 3.0 (9%) 1.0 (10%)
Total Mayo score 59+20 5.842.0 0.84
3-5 18.0 (53%) 5.0 (50%)
6-10 16.0 (47%) 5.0 (50%)
Mayo endoscopic subscore 0.98
1 10.0 (29%) 3.0 (30%)
2 18.0 (53%) 5.0 (50%)
3 6.0 (18%) 2.0 20%)
UCEIS score 43+2.1 45422 0.81
Mayo clinical score 4.1£15 39+1.5 0.77
IBDQ score
ESR (mm/h) 224+18.4 35.8+25.1 0.07
CRP (mg/1) 2.7£3.5 5.1+2.0 0.42
PCT (ng/ml) 0.1+0.1 0.1+£0.0 0.85
White blood cell count (x10° cells/l) 7.1x£1.9 8.0x1.5 0.13
Red blood cell count (x10' cells/l) 4.4+0.7 4.4+0.6 0.82
Hemoglobin (g/1) 123.0+23.7 116.5£29.2 0.74
Platelet count (x10° cells/1) 308.5+118.8 358.6+57.8 0.13
Albumin (g/1) 38.2+4.3 36.6+5.0 0.33
Donor identifier no. 0.30
1 17.0 (50%) 3.0 (30%)
2 1.0 3%) 1.0 (10%)
3 16.0 (47%) 6.0 (60%)

Data are presented as the number of patients (%) or the mean + SD. Total Mayo scores range from 0-12 and Mayo endoscopic subscores range
from 0-3; higher scores indicate severe disease. UCEIS scores range from 0-8; higher scores indicate severe endoscopic disease. IBDQ scores
range from 32-224; higher scores indicate an improved quality of life. TNF, tumor necrosis factor; UCEIS, Ulcerative Colitis Endoscopic
Index of Severity; IBDQ, Inflammatory Bowel Disease Questionnaire; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; PCT,
procalcitonin.

extent, disease duration, IBDQ scores, concomitant drug use  was significantly decreased at week 4 compared with the base-
and donors, was also assessed, and no significant associations  line score in the FMT group (4.02+1.47 at baseline; 1.91+1.07
were identified (P>0.05; Table III). The Mayo clinical score  at week 4; P<0.001; Fig. 1). At week 4, the mucosal activity was
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Figure 2. Steroid-free endoscopic responses after FMT in two cases. A 37-year-old woman with a six-year history of left-sided UC and acute colitis (diarrhea
six times per day with bleeding and abdominal pain) was treated with 4 g oral 5-aminosalicylate and 40 mg prednisone per day. (A) Baseline endoscopic
appearance of a 30 cm rectosigmoid active colitis: Total Mayo score=8 and endoscopic subscore=3. Arrows: Diffuse mucosal erosion with marked hyperemia,
edema, hemorrhage and purulent secretions. (B) Endoscopic appearance at the end of week 4 after FMT: Total Mayo score=1, endoscopic subscore=1. Arrows:
White scar formation. The patient displayed steroid-free clinical remission until the follow-up at 12 weeks post-FMT. A 61-year-old woman with a two-year
history of left-sided UC and acute colitis (diarrhea five times per day with bleeding) was treated with 4 g oral 5-aminosalicylate and 40 mg prednisone per day.
(C) Baseline endoscopic appearance of a 25 cm rectosigmoid active colitis: Total Mayo score=7 and endoscopic subscore=2. Arrows: Erosion, mucosal conges-
tion and edema and a small amount of purulent discharge. (D) Endoscopic appearance at 4 weeks post-FMT; total Mayo score=1 and endoscopic subscore=0.
Arrow: Mucosa is intact and the blood vessel texture is slightly blurred. After FMT, the patient was completely weaned off corticosteroids and maintained their
clinical and endoscopic remission until week 4 post-FMT. FMT, fecal microbiota transplantation; UC, ulcerative colitis.

reassessed by colonoscopy in 10 responders. All 10 responders
displayed a steroid-free endoscopic response (Mayo endoscopy
subscore <1 with a reduction of =1 point from the baseline)
and none achieved steroid-free endoscopic remission (Mayo
endoscopy subscore=0; Table IT). Representative images of the
colons of two responders displaying steroid-free endoscopic
remission are presented in Fig. 2. No serious complications,
including anaphylactic shock or septicemia, occurred in 41/44
patients following FMT or during the 12-week follow-up.
Increased diarrhea frequency was reported in three patients
within 24 h of FMT, and two patients experienced abdominal
pain within 6 h of FMT. These AEs were short-term, and
disappeared within 1 day without any medical intervention.
Of the patients with UC, 94% (32/34) of responders and 60%
(6/10) of non-responders were willing to undergo FMT again
(data not shown).

Microbiome results. Fecal samples obtained 1 day before
FMT, and at weeks 4 and 12 post-FMT were evaluated.

Microbiota analyses were performed in 32 fecal samples from
12 patients, who were all responders, and 12 donors. The
fecal samples were categorized into four groups: Pre-FMT
(UC.B), week 4 (UC.A1), week 12 (UC.A2) and donors (G).
The diversity (Shannon's diversity index) and richness of the
fecal microbiota (Chaol estimator) were markedly decreased
in patients with UC pre-FMT compared with healthy donors
(P<0.05; Fig. 3A and B). After FMT, these two indicators
suggested that the diversity and richness of the fecal micro-
biota were increased at week 4 post-FMT but then slightly
decreased at week 12 post-FMT (Fig. 3A and B). Patients with
UC displayed a decreased abundance in Ruminococcus_2
and Faecalibacterium, and an increased abundance in
Bifidobacterium, Escherichia-Shigella, Faecalitalea,
Streptococcus, Aeromonas and Proteobacter (Fig. 4). After
FMT, some alterations in the abundance of microbiota in
patients with UC were markedly similar to that of healthy
donors. F. prausnitzii abundance displayed a significant
decrease in patients with UC compared with healthy donors
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(P<0.01; Fig. 5). At week 4 post-FMT, F. prausnitzii abun-
dance was significantly increased (P<0.05) in patients with
UC compared with the baseline abundance, and was decreased
compared with healthy donors (P<0.05; Fig. 5).

Discussion

The present study demonstrated that three rounds of FMT
effectively treated mild to moderate active UC, as evidenced
by the steroid-free clinical responses that occurred in 77.3%
(34/44) of patients at 12 weeks post-FMT. The Mayo clinical

score significantly decreased at week 4 compared with the
baseline in FMT treated patients (1.91+£1.07 vs. 4.02+1.47;
P<0.001). No AEs occurred in 93.2% (41/44) of patients after
FMT or during the 12 weeks of follow-up (data not shown). The
results suggested an improved effect of FMT in patients with
UC compared with previous studies (13,28-30). The improved
efficacy displayed in the present study may be explained by
the modified FMT procedures used, including stool prepara-
tion (feces exposure to air for <30 min), microbiota resource
(fresh; all FMTs for one patient were derived from the same
donor), delivery route (via TET tube; remained in the right
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lateral position for 30 min to maintain the largest contact
area between microbiota and intestines), dosage (150 ml to
avoid inducing intestinal peristalsis) and intensity (three times
within one week).

Fresh donor feces have to be diluted and homogenized to an
administrable form before FMT can be performed (31). In the
majority of previous studies (32-35), donor stool was mixed in
normal sterile, non-bacteriostatic saline, which is presumed to
guarantee the quality of microbiota. Subsequently, the mixture
was homogenized, often manually, and filtered using a gauze,
strainer or coffee filter. This purification process may alter the
bacterial levels in the fecal suspension. In the present study,
the fresh donor feces were microfiltered and centrifuged using
an automatic purification system, which ensured the quality of
fecal microbiota in the suspension.

It is not clear whether fresh or frozen-thawed microbiota
improves the efficiency of FMT; however, frozen-thawed micro-
biota is a more convenient method (36,37). Hamilton et al (38)
reported the successful use of standardized, partially purified
and frozen fecal microbiota to treat C. difficile infection.
High-throughput 16S rRNA gene sequencing has displayed
stable engraftment of gut microbiota following FMT (39).
Moayyedi et al (13) reported efficacy of frozen-thawed stool in
FMT for active UC. Furthermore, other previous studies have
reported that both frozen (15) and fresh (13,14) donor stool
were effective for UC. However, Nishida ef al (40) doubted the
efficacy of using fresh stool for FMT in patients with UC, but
the present study further suggested that this application was
efficacious in UC. Another debate regarding FMT is whether
pooled or single donor stool results in the highest efficacy. In
a study including 81 patients who received FMT or placebo
enemas for 5 days a week for 8 weeks, Paramsothy et al (15)
used pooled donor stool. The aim when using pooled donor
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stool was to increase the diversity of microorganisms in the
stool suspension. Cao et al (12) reported that 27% of the
patients in the FMT group displayed steroid-free clinical
and endoscopic remission at week 8 compared with 8% in
the placebo group (P=0.02). However, in a study conducted
by Rossen er al (14), no statistically significant difference
in clinical and endoscopic remission between the FMT and
control groups of patients with mild to moderate active UC
was reported. However, the microbiota of the responders
displayed distinct features compared with the non-responders.
A key advantage of a pooled stool is that it increases the
chances of transmitting key bacteria to the recipient; however,
it is not clear whether this hypothesis is translated into real
efficacy (41,42).

The frequency and duration between each FMT also
impacts the outcomes. Paramsothy er al (15) used a large
dose over a long duration (5 days per week for 8 weeks; 40
doses; 1500 g), and Moayyedi et al (13) delivered 8.3 g stool
per week for 6 weeks via enema (6 doses; a total of 49.8 g).
These two aforementioned studies achieved similar remission
rates, therefore, it could be hypothesized that moderate dose
and frequent application may improve the efficiency of FMT.

A number of systematic reviews have reported various
approaches of FMT for the treatment of IBD, including
colonoscopy, retention enema, nasoduodenal tube, pills or a
combination (43,44). Paramsothy et al (15) used the retention
enema approach to perform FMT in patients with UC, while
Gordon et al (11) employed a nasoduodenal tube approach,
and Cold et al (28) investigated the use of FMT capsules.
According to two retrospective studies (45,46), nasointestinal
delivery can be uncomfortable and result in a number of AEs,
including severe nausea, vomiting, reduced food intake and
sensory discomfort; delivery of the fecal microbiota suspen-
sion to the cecum may be difficult with the retention enema
method; furthermore, the FMT capsule preparation increases
the exposure time of the microbiota to the air, thus affecting
bacterial activity. In the present study, a TET fixed to the
cecum was used for the delivery of the fecal microbiota
suspension to ensure the infusion of fecal microbiota into the
whole colon. The high remission rate in the present study may
be explained by the standardized and automatic purification
process, fresh microbiota, appropriate dosage and intensity,
and use of TET.

The gut microbiota is involved in the development of intes-
tinal inflammation and UC. Therefore, microbial manipulation
could be an alternative therapeutic approach for UC (47). FMT
may serve as an effective treatment strategy for UC, as it is
able to correct the altered gut microbial community and restore
microbial homeostasis (48). In the present study, both the
diversity (Shannon's diversity index) and abundance (Chaol
estimator) of the fecal microbiota were markedly decreased
in patients with UC compared with healthy donors. However,
both indexes at pre-FMT, and weeks 4 and 12 post-FMT
displayed no significant difference. The results of the present
study suggested that the majority of patients with UC achieved
steroid-free clinical response or remission, but no steroid-free
remission, after receiving FMT, indicating that FMT may
ameliorate UC, but did not cure the disease. Therefore, it could
be suggested that patients with UC may require repeated FMT
to treat the disease.
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Consistent with previous studies, the present study
suggested that alterations to the enteric microbiota following
FMT were primarily manifested by the decrease of pathogenic
bacteria (for example, Faecalitalea and Proteobacter) and the
increase of probiotic bacteria (for example, Bifidobacterium,
Ruminococcus and Faecalibacterium). However, patho-
genic bacterium Escherichia-Shigella decreased at 4 weeks
post-FMT but then increased at 12 weeks post-FMT
compared with pre-FMT, possibly due to a reduction in
the inhibitory effect of probiotics on pathogens over time.
The present study focused on alterations to the abundance
of F. prausnitzii, which is a type of anti-inflammatory and
health-promoting probiotic (49). In the intestine, F. prausnitzii
produce butyrate, a major energy source for colonocytes to
fight against IBD (50). In addition, butyrate can reduce intes-
tinal mucosa inflammation by inhibiting NF-kf3 transcription
factor activation, upregulating peroxisome proliferator-acti-
vated receptor-y expression and inhibiting interferon-y
expression (51). F. prausnitzii abundance is correlated with
various IBD-related signaling pathway mediators, including
T helper 17 cells/interleukin (IL)-17, forkhead box 3-T regu-
latory-transforming growth factor-f/IL-10 and IL-23 (52). A
decreased abundance of F. prausnitzii is associated with the
development and recurrence of UC (49). Similarly, it has been
suggested that F. prausnitzii can be used as a biomarker for
the diagnosis and treatment of IBD (53). In the present study,
the abundance of F. prausnitzii was significantly decreased
in patients with UC compared with healthy donors. After
FMT, the levels of F. prausnitzii were significantly increased
at week 4 compared with the baseline, but remained lower
compared with healthy donors. F. prausnitzii abundance is
strongly correlated with the diagnostic and therapeutic effec-
tiveness of FMT (54).

The present study had a number of limitations. Firstly, the
present study was an open-label study and not a double-blind
RCT; therefore, the results may have included potential bias
from the researchers and patients, and the placebo effect cannot
be ruled out. Secondly, the limitations of TET are as follows: 1)
Patients had to take purgatives to clean the colon, which may
have influenced the gut flora; ii) although the TET tube was
maintained in the same position for repeated FMT delivery, the
tube usually fell out of place spontaneously at ~1 week, therefore
it may be difficult to use the TET method for long-term delivery;
and iii) the TET tube was positioned using colonoscopy, there-
fore it could be suggested that the method is only suitable for
diseases that occur near to the anus, and is not ideal for diseases
localized in the small intestine. Thirdly, partial Mayo scores
were used as important criteria for classifying disease severity,
however, these scores are primarily focused on clinical symp-
toms. Furthermore, the mucosal activity was only determined by
colonoscopy in 10 responders and not in all patients. Therefore,
endoscopic remission or responses could not be investigated in
the present study. Fourthly, the ESR and other related inflam-
matory indicators in non-responders were slightly increased
after FMT. It was hypothesized that FMT could introduce a
large number of exogenous gut microbiota into the patient's
intestine, which might increase intestinal immunity. However,
in the present study individual differences were not excluded
and a larger sample size is required to further investigate the
efficiency of FMT for UC. Finally, the observation period was
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only 12 weeks; therefore, future studies are required to assess
the long-term outcomes of the TET therapeutic strategy for UC.

The therapeutic role of FMT in UC varies in different
reports, as evidenced by the rate of clinical response ranging
between 39 and 55% in four RCTs investigating the use of FMT
in UC (55). Ramai et al (36) reported that the clinical response
in patients at 1 month and 3 months after FMT was 74.3 and
51.4%,respectively. A pilot study in India reported 87.1% clinical
response, 58.1% endoscopic remission and 45.2% histological
remission at week 48 post-FMT (29). The patients with UC
treated with FMT in the present study displayed a steroid-free
clinical response rate of 84.1 and 77.3% at week 4 and week 12,
respectively. The high response rate may have been due to the
following reasons: i) The modified FMT procedures, including
stool preparation, microbiota resource, delivery route, dosage,
and intensity; ii) certain patients had an irregular medical
history of taking antibiotics and hormones due to repeated
enteritis, which may have been a reason for repeated episodes
of UC; iii) the donors in the present study were young and had
good habits and lifestyles, making the composition of the gut
microbiota active and compatible. However, the FMT method
requires further investigation into the effects of antibiotic use
before FMT, fresh or frozen administration, and the location
(upper GI or lower GI tract) and frequency of administration.
In the present study, the TET procedure, frequency of admin-
istration and use of 150-200 g fresh donated feces were based
on previous studies investigating the use of FMT treatment for
UC (21,31,56,57). In addition, the 16S sequencing results of
the present study suggested that the relative abundance of F.
prausnitzii significantly increased at 4 weeks post-FMT, which
had not been reported in previous FMT studies. F. prausnitzii
is an important short-chain fatty acid bacteria in the intestine;
therefore, it has been suggested that FMT should focus on the
separation and cultivation of functional bacteria (49).

In conclusion, the results of the present study suggested that
the delivery of fresh microbiota suspension via TET was an
effective and safe method for patients with mild to moderate
active UC. Furthermore, F. prausnitzii may serve as a diag-
nostic and therapeutic biomarker of FMT in patients with UC.
Additionally, the results suggested that the donor selection, stool
preparation, delivery route, dosage and intensity of FMT should
be standardized. Further investigation using larger multi-center
studies with a longer follow up period and data analysis on
histology, endoscopy and the microbiome are required to
confirm the efficacy and safety of FMT for UC remission.
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