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Objective: This study aimed to investigate the long-term efficacy of fecal microbiota
transplantation (FMT) in patients with irritable bowel syndrome (IBS).

Study Methods: In this single-center long-term follow-up study, FMT treatment was
administered to patients with moderate to severe IBS (IBS severity scoring system
(IBS-SSS) > 175). After 1 year of treatment, it was decided whether to repeat FMT based
on IBS-SSS score (IBS-SSS > 175). Baseline characteristics before and after FMT and
questionnaires were completed at 1, 3, 6, 12, 24, 36, 48, and 60 months after FMT.
The study outcomes included treatment efficacy rates, change of IBS-SSS, IBS-specific
quality of life and fatigue, effect on stool frequency, Bristol Stool Scale for IBS-C and
IBS-D, and side effects.

Results: A total of 227 patients (47.58% IBS-C, 39.21% IBS-D, and 13.22% IBS-M)
were recruited (142 females and 85 males with a mean age of 41.89 + 13.57 years).
The efficacy rates were 108 (51.92%), 147 (74.62%), 125 (74.41 %), 88 (71.54%), 78
(75.00%), 65 (73.03%), 45 (61.64%), and 37 (62.71%) at different follow-up time points.
The total IBS-SSS score was 321.37 + 73.89 before FMT, which significantly decreased
after 1 month. The IBS-specific quality of life (IBS-QoL) score was 40.24 + 11.34 before
FMT, increased gradually, and was significantly higher at 3 months compared to before
FMT. The total Fatigue Assessment Scale (FAS) score was 47 + 8.64 before FMT and was
significantly lower at 3 months. During follow-up, 89 (39.21%) side effects occurred that
were alleviated by symptomatic treatment, and no serious adverse events were detected.

Conclusion: Based on 60 months of long-term follow-up, the safety and efficacy of FMT
for IBS was established. However, as the treatment effect declines over time, periodic
and repetitive FMT is required for a sustained effect.
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INTRODUCTION

Irritable bowel syndrome (IBS) is one of the most commonly
diagnosed gastrointestinal (GI) conditions. It is a symptom-
based condition defined by the presence of abdominal pain or
discomfort, with altered bowel habits, in the absence of any other
disease to cause these sorts of symptoms (1). The prevalence of
IBS in the global population ranges from 5.7 to 34% (2, 3), and
in Southeast Asia, it is relatively infrequent (7.0%) (2). With the
rapid economic growth and current environmental changes, the
incidence of IBS in China has been on the rise year by year,
showing a 5-10% prevalence in adults (4).

While medical treatment for IBS is still limited, the overall
illness burden is high, patients report a low quality of life,
low work efficiency and absenteeism in the workplace, and
significant direct and indirect healthcare costs (5). The etiology
of IBS is not fully understood, and there is no effective
treatment for the condition. Current evidence suggests that the
microbiota of the GI tract could be a significant factor in the
etiology of IBS (6). The gut microbiota of patients with IBS
differs from that of healthy subjects, with the former having
a lower bacterial diversity (dysbiosis), for example (7, 8). It is
speculated that changes in the intestinal environment will lead
to an imbalance in the composition of gut microbiota, termed
“dysbiosis,” which has been associated with the occurrence of IBS
(9). Consequently, probiotics and antibiotics have been studied
as a potential treatment option for IBS (10, 11); however, the
reported magnitude of improvement in associated symptoms
was limited.

Fecal microbiota transplantation (FMT), also known as fecal
bacteriotherapy or fecal infusion, consists of administration of
a liquid filtrate of feces from a healthy donor into the GI tract
of a recipient individual (12). In recurrent Clostridioides difficile
infections, FMT has shown excellent effects. The cure rate of FMT
is higher than conventional treatment with antibiotics (13, 14),
and studies have shown that FMT can restore intestinal microbial
balance in treated patients (13, 15). Using the FMT method,
our team has treated 2,010 cases of various GI dysfunction
diseases, including IBS. The long-term (36 months) effective
rate has exceeded 60% (16). A number of short-term follow-up
studies with small sample sizes showed that FMT can improve
symptoms and restore the intestinal microbiota diversity in IBS
patients (17-19). The current study retrospectively analyzed the
long-term efficacy of FMT in IBS by applying a large sample
size and conducting a 5-year follow-up period. Furthermore,
the differences in efficacy between various transplantation
approaches were compared.

MATERIALS AND METHODS
Participants and Study Design

In this single-center, retrospective study, consecutive patients
treated at the Intestinal Microenvironment Diagnosis and
Treatment Center, Tenth People’s Hospital of Tongji University
(Shanghai, China), between January 2014 and January 2019
were included if they met the following criteria: (1) aged
18-65 years and complied with the diagnostic criteria of

Rome III or Rome IV; (2) had moderate to severe disease
activity (IBS severity scoring system (IBS-SSS) > 175); (3)
had normal colonoscopy (performed within 1 year) if the
patient was >40 years or had blood in the stool; and (4)
had no response shown to conventional treatment for IBS.
The exclusion criteria were as follows: (1) other chronic
GI diseases; (2) fecal sample positive for enteropathogenic
microorganisms; (3) positive screening for HIV, HBV, or
HCV antibodies; (4) a history of surgical interventions in
the GI region (except for appendectomy, hernia repair,
cholecystectomy, and gynecological or urological procedures);
(5) severe psychiatric disorders; (6) fecal calprotectin >50
mg/kg; (7) severe allergies or asthma; (8) abnormal biochemistry
screening result; (9) abnormal colonoscopy findings; (10)
pregnancy, planned pregnancy, or breastfeeding females; (11)
ingestion of probiotics or antibiotics <4 weeks prior to
inclusion; (12) immunocompromised patients or those using
immunosuppressive drugs; and (13) GI or systemic malignancies.

The data used in this study were obtained from the follow-
up system of the Intestinal Microenvironment Diagnosis and
Treatment Center, Tenth People’s Hospital of Tongji University,
Shanghai, China. All patients were checked during study visits
for baseline (before FMT) and 1, 3, 6, 12, 24, 36, 48, and 60
months. At the end of the follow-up period, they completed the
IBS-SSS and IBS-specific quality of life (IBS-QoL) questionnaire.
Additional questionnaires included the following: Bristol Stool
Form Scale, stool frequency, and Fatigue Assessment Scale (FAS).
Any complications within 7 days after the first transplantation
were recorded. Adverse events were evaluated by the use of
the modified Common Terminology Criteria for Adverse Events
version 3.0 (20). All enrolled patients signed the FMT treatment
informed consent.

The Donor Screening

A total of 19 fecal donors were recruited for this study. Once
enrolled, full-time donor managers were employed to manage
the diet, lifestyle, and physical condition of the donors during
the collecting period. All donors were screened according to
guidelines (21, 22) and were recruited based on the following
inclusion criteria: (1) 18-30 years of age; (2) good previous and
current health status; (3) normal body weight (body mass index
(BMI) between 18 and 22 kg/mz); (4) normal bowel movements
(defined as one to two times per day and type 3-4 on the Bristol
Stool Form Scale); and (5) no medications taken. The exclusion
criteria were as follows: (1) history of antibiotic treatment within
3 months preceding donation; (2) history of intrinsic GI illnesses;
and (3) metabolic syndromes, obesity, or any ongoing diseases.
A single universal donor was recruited for our trial, who was
a 24-year-old healthy University student. For the purposes of
informed consent, the donor was required to be over 18 years of
age. Current guidelines recommend using a donor questionnaire
that is similar to current protocols for screening blood donors.
Blood collection was performed before FMT donation, which
included a complete blood count, chemistry, and iron profile.
The donor blood sample was negative for common viruses
(hepatitis A, B, and C; HIV-1 and HIV-2; cytomegalovirus;
Epstein-Barr virus; herpes simplex; and varicella zoster) and
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Treponema pallidum. The donor feces were negative for common
enteric pathogens (Yersinia spp., Salmonella spp., Shigella spp.,
Campylobacter jejuni, Clostridioides difficile toxin, helminths,
ova, parasites, and Helicobacter pylori). Multidrug-resistant
bacteria were determined using standard screening methods.

Preparation of FMT

Preparation of Fresh FMT Solution

According to the fresh FMT solution preparation method
previously established by our team (23), fresh stool (200 g) was
immediately mixed in a blender with 500 ml 0.9% sterile saline
for several seconds until it developed a smooth consistency.
The obtained stool suspension was filtered several times through
gauze screens with decreasing apertures (2.0-0.7 = 0.2 mm) to
remove large and small particles that could clog the nasointestinal
tube. The resulting concentrated fecal bacterial suspension was
either administered to the patient without delay or amended with
glycerol to a final concentration of 10%. The latter suspension was
stored frozen at —20°C for 1-4 weeks until further use. The stool
suspension was poured into a sterile bottle for administration
within 2 h. The study used standardized, processed stool from the
same universal donor and the same amount of stool for FMT for
each patient.

Preparation of Freeze-Dried FMT Capsules

The FMT capsules were prepared according to the method
previously established by our team (24). After the preparation of
the above fresh FMT solution, centrifugation was carried out at
4°C, the supernatant was removed, and freeze-drying protectant
was added. The bacterial suspension was mixed well with an
oscillator, prepared for pre-freezing, and the frozen sample
was quickly transferred to the freeze dryer for freeze-drying.
Finally, the freeze-dried powder was put into acid-resistant
hydroxypropyl methylcellulose. The capsules were sealed and
stored at —20°C (48 capsules/200 g feces).

FMT Procedure
An initial dose of oral antibiotic (500 mg vancomycin orally twice
per day) was administered for 3 consecutive days. The day before

227 patients were included

l | I

124 Nasal
jejunal tube

63 Capsules

!

1, 3,6, 12, 24, 36, 48 and 60 Months Follow-up

40 Colonoscopy

FIGURE 1 | Flowchart of patient inclusion. FMT, fecal microbiota
transplantation.

FMT, polyethylene glycol was administered orally or through
a nasointestinal tube to prepare the bowel. Patients received
fresh FMT for 6 consecutive days through a nasointestinal
tube or colonoscopy. Altogether, 100 g of stool suspension was
administered through the nasointestinal tube or colonoscopy
within 6 min daily for 6 consecutive days. Meanwhile, patients
who could not tolerate the nasointestinal tube or endoscopic
approach received four capsules twice daily on an empty stomach
for 6 consecutive days. The nasointestinal tube was flushed with
50 ml of saline solution before and after each procedure to ensure
that the entire volume of stool suspensions was transplanted into
the intestine. For the capsule group, the 48 capsules contained
sieved, concentrated, and freeze-dried powders derived from
200 g of donor stool.

Twelve months after FMT treatment, the total IBS-SSS score
of the annual follow-up results was used to decide whether the
FMT treatment would be continued. If this score decreased by

TABLE 1 | Baseline characteristics of patients.

Characteristics Overall
n 227
Age (mean + SD) 41.89 £ 13.57
Sex, female/male 142/85
BMI (mean =+ SD) 20.86 + 1.63
Weight (mean + SD) 61.33 £ 10.58
Type of IBS (%)
IBS with constipation 108 (47.58)
IBS with diarrhea 89 (39.21)
IBS mixed 30(13.22)
History of IBS-related medications (%)
Laxatives 132 (58.15)
Prokinetic drugs 84 (37)
Antidiarrheal 106 (47)
Psychotropic drugs 97 (42.73)
Painkillers 65 (28.63)
PPI 183 (80.62)
Antibiotics 152 (66.96)
Probiotics 197 (86.78)
Traditional Chinese medicine 118 (51.98)
Spasmolytic 149 (65.64)
IBS-SSS score (mean + SD) 321.37 £ 73.89
IBS-QoL score (mean + SD) 40.24 +£11.34
FAS score (mean + SD) 47 + 8.64
FMT pathway (%)
Capsules 63 (27.75)
Nasointestinal tube 124 (54.63)
Colonoscopy 40 (17.62)
Average course of FMT (times) 3.93 + 2.30
Nasointestinal tube (times) 3.83+1.78
Capsules (times) 519+ 294
Colonoscopy (times) 225+1.24

BMI, body mass index; FMT, fecal microbiota transplantation; IBS-QoL, IBS-specific
quality of life; IBS-SSS, IBS severity scoring system; PPI, proton pump inhibitor.
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more than 50 but was still over 175 after FMT, it was suggested
that FMT should be continued. On the contrary, if the total
IBS-SSS score after FMT was <175, no further treatment was
considered necessary. If the total IBS-SSS score after FMT had
no obvious change or increase, the FMT treatment was set to be
stopped, and conventional treatment would be adopted.

Questionnaires

This study used the questionnaires discussed below. All steps
were completed under the direct supervision of the investigators
to ensure that participants understood and completed all
questions. All questionnaires were formally translated to
Mandarin Chinese and validated. Abdominal symptoms were
assessed using the IBS-SSS questionnaires, which included
five dimensions: abdominal distension/bloating, abdominal pain
frequency, abdominal pain severity, satisfaction with bowel
habits, and quality of life. Fatigue was evaluated on the FAS.
Quality of life was determined using the IBS-QoL questionnaires,
where higher IBS-QoL scores indicated a better quality of life.
Patients whose total IBS-SSS score decreased by >50 points after
FMT were considered responders. A decrease of >175 points
in the IBS-SSS total score, a decrease of >4 points in the FAS
score, and an increase of >14 points in the IBS-QoL score
were considered to indicate significant clinical improvements in
abdominal symptoms, fatigue, and quality of life, respectively
(25). The fulfillment of all these criteria at the same time was
considered effective in the treatment of IBS by FMT.

Statistical Methods

Statistical analysis was performed by descriptive methods and
SPSS 20.0 software. The count data were expressed by the number
of cases (%), and the measurement data that conform to the
normal distribution were expressed by x £ s. A chi-square test
or Fisher’s exact probability method was used to compare the
treatment efficacy rate between groups. The comparison of time
points before and after treatment was performed by univariate
analysis of variance. The IBS-QoL score was transformed into a
0-100 scale using the following formula: total score = (sum of
the items - 34/170) x 100.

RESULTS

Patient Characteristics

A total of 227 patients were enrolled in this study (Figure 1),
including 142 females and 85 males with a median age of 41.89 &
13.57 years, BMI of 20.86 & 1.63, and weight of 61.33 £ 10.58 kg.
According to the classification of IBS, there were 108 (47.58%)
constipation-predominant IBS (IBS-C), 89 (39.21%) diarrhea-
predominant IBS (IBS-D), and 30 (13.22%) mixed-type IBS (IBS-
M) cases. The history of IBS-related drug use included laxatives
(132, 58.15%), prokinetic drugs (84, 37%), antidiarrheal drugs
(106, 47%), psychotropic drugs (97, 42.73%), painkillers (65,
28.63%), PPI (183, 80.62%), antibiotics (152, 66.96%), probiotics
(197, 86.78%), traditional Chinese medicine (118, 51.98%), and
spasmolytic agents (149, 65.64%). The total scores of IBS-SSS,
IBS-QoL, and FAS were 321.37 & 73.89, 40.24 & 11.34, and 47 &
8.64, respectively, before FMT. According to the transplantation
method, 124 (54.63%) patients received the transplant through
a nasointestinal tube, 63 (27.75%) in the form of oral capsules,
and 40 (17.62%) through colonoscopy. The average course of
FMT was 3.93 & 2.30, including 3.83 £ 1.78 for nasointestinal
tube, 5.19 £ 2.94 for capsule, and 2.25 £ 1.24 for colonoscopy
(Table 1).

Rate of Effective Follow-Up

In this study, a total of 227 patients were enrolled. Based on 60
months of long-term follow-up data, the effective follow-up rates
at 1, 3, 6, 12, 24, 36, 48, and 60 months after FMT were 51.92%
(108/208), 74.62% (147/197), 74.41% (125/168), 71.54% (88/123),
75.00% (78/104), 73.03% (65/89), 61.64% (45/73), and 62.71%
(37/59), respectively.

Effect of Different Transplantation Routes

on the Treatment Efficacy

Three transplantation groups were included in this study: the
nasointestinal tube group (n = 124), capsule group (n = 63), and
colonoscopy group (n = 40).

The effective follow-up rates at 1, 3, 12, and 60 months,
respectively, were 60 (53.10%), 80 (74.07%), 48 (70.59%), and
23 (60.53%) for the nasointestinal tube group; 31 (54.39%), 43
(78.18%), 30 (83.33%), and 12 (75.00%) for the capsule group;

TABLE 2 | The effect of different transplantation routes on efficacy.

Follow-up time Nasointestinal tube group (n = 124) Capsules group (n = 63) Colonoscopy group (n = 40) x? P
No. Effective number (%) No. Effective number (%) No. Effective number (%)

1 month 113 60 (53.10) 57 31 (54.39) 38 17 (44.74) 0.987 0.61
3 months 108 80 (74.07) 55 43 (78.18) 34 24 (70.59) 0.677 0.713
6 months 92 68 (73.91) 47 39 (82.998) 29 18 (62.07) 4.143 0.126
12 months 68 48 (70.59) 36 30 (83.33) 19 10 (52.63) 5.826 0.054
24 months 61 44 (72.13) 31 27 (87.10) 12 7 (58.33) 4.465 0.107
36 months 53 37 (69.81) 26 23 (88.46) 10 5 (50.00) 6.116 0.047*
48 months 47 28 (59.57) 20 14 (70.00) 6 3(50.00) 1.02 0.601
60 months 38 23 (60.53) 16 12 (75.00) 5 2 (40.00) 2.214 0.331

o < 0.05.
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FIGURE 2 | IBS-SSS score between groups and the change over time. Difference was compared between each time point of follow-up and before FMT (baseline).
(A) Total IBS-SSS score; (B) abdominal distension/bloating score; (C) abdominal pain frequency score; (D) abdominal pain severity score; (E) satisfaction with bowel
habits score; (F) quality of life score. IBS-SSS, IBS severity scoring system. Data are presented as x =+ s, statistical analyses: univariate analysis of variance, *o < 0.05,
**p < 0.01.

and 17 (44.74%), 24 (70.59%), 10 (52.63%), and 2 (40.00%) for
the colonoscopy group (Table 2). A significant difference in the
efficacy rates among the three groups was observed only at 36
months after FMT.

Long-Term Follow-Up of IBS-SSS

According to the long-term follow-up research data, after FMT,
the abdominal symptoms assessed by the IBS-SSS questionnaires
were significantly reduced. The total IBS-SSS score was 321.37
+ 73.89 before FMT, which significantly decreased after 1

month of FMT to 298.57 & 69. Moreover, abdominal distension
bloating, abdominal pain, and abdominal pain severity also
decreased, whereas satisfaction with bowel habits and quality of
life improved after 1 month of FMT (Figure 2).

Long-Term Follow-Up of IBS-QoL

The IBS-QoL score gradually increased after FMT, rising from
40.24 + 11.34 before FMT to 50.13 % 9.34 at 3 months after
treatment (p < 0.05) (Figure 3).
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Long-Term Follow-Up of FAS

The total FAS score was 47 + 8.64 before FMT, which decreased
gradually after FMT and was significantly lower at 3 months after
FMT (32.58 + 4.86) than that before FMT (Figure 4A). At the
same time, the physical fatigue and mental health scale scores
also reduced significantly at 3 months after FMT, with scores of
15.89 + 3.86 and 16.78 £ 4.1, respectively (Figures 4B,C) and
then remained at a stable level. At the 5th year of follow-up, the
total FAS, physical fatigue scale, and mental health scale scores
were significantly lower than those before FMT, with values of
31.89 £ 5.74, 18.12 & 4.28, 17.77 =£ 3.55, respectively (p < 0.01)
(Figure 4).

Change of Stool Frequency and Bristol
Stool Scale for IBS-C and IBS-D

In this study, patients with IBS-C and IBS-D were followed up
to evaluate the stool frequency and the Bristol Stool Scale score.
The results showed that the stool frequency of IBS-C patients
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FIGURE 3 | IBS-QoL score between groups and the change over time.
Difference was compared between each time point of follow-up and before
FMT (baseline). IBS-QoL, IBS-specific quality of life. Data are presented as x +
s, statistical analyses: univariate analysis of variance, *p < 0.05, **p < 0.01.

increased from 1.5 & 1.38 times per week before treatment to
2.68 + 1.15 times per week at 1 month after FMT treatment
(compared with that before FMT, p < 0.05) and increased to 4.33
=+ 1.56 times per week in the 5th year after FMT (compared with
that before FMT, p < 0.01) (Figure 5A). In contrast, the stool
frequency of IBS-D patients decreased from 4.67 = 1.87 times per
day before treatment to 3.26 = 1.42 times per day at 1 month after
FMT treatment. By the 5th year, this reduced to 2.25 & 1.87 times
per day (compared with that before FMT, p < 0.01) (Figure 5B).

The Bristol Stool Scale score of IBS-C patients increased from
2.13 + 0.88 before treatment to 2.94 & 1.3 at 1 month after FMT
treatment (compared with that before FMT, p < 0.05) and further
increased to 3.71 £ 1.21 by the 5th year after FMT (compared
with that before FMT, p < 0.01) (Figure 6A). In contrast, the
Bristol Stool Scale score of IBS-D patients reduced from 5.88 +
1.15 before FMT to 3.38 & 0.85 at 3 months after FMT treatment.
By the 5th year, this declined to 3.71 % 0.88 (compared with that
before FMT, p < 0.01) (Figure 6B).

Side Effects of FMT

Any side effects directly related to and during FMT treatment and
within 1 week after FMT were considered to be adverse effects
of FMT. At the same time, different side effects were observed
for different FMT pathways (colonoscopy, nasointestinal, and
capsule). A total of 89 (39.21%) adverse reactions occurred
during follow-up. Of these, 83 were mild, and no interventions
or medications were indicated (grade 1). The other six adverse
events were classified as grade 2 effects. No serious adverse
reactions (grade 3 or above) were observed. The main adverse
events were abdominal pain in 15 (6.61%) patients, of which
six (15%) with the highest incidence were in the colonoscopy
group; thus, this event may be related to the colonoscopy
procedure. Furthermore, seven (5.65%) and two (3.18%) cases
were in the nasointestinal tube and capsule group, respectively.
Of the 17 cases of abdominal distension/bloating, eight (6.45%)
occurred in the nasointestinal tube pathway, three (4.76%) in
the capsule pathway, and six (15%) in the colonoscopy pathway.
Diarrhea presented in 13 cases, including five (12.50%) in

=p < 0.01.
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FIGURE 4 | FAS score between groups and their change over time. Difference was compared between each time point of follow-up and before FMT (baseline). (A)
total score; (B) physical fatigue; (C) mental health. FAS, Fatigue Assessment Scale. Data are presented as x =+ s, statistical analyses: univariate analysis of variance,
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FIGURE 5 | Stool frequency between groups and their change over time. Difference was compared between each time point of follow-up and before FMT (baseline).
(A) IBS-C; (B) IBS-D. Data are presented as x =+ s, statistical analyses: univariate analysis of variance, *o < 0.05, **p < 0.01.
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(baseline). (A) IBS-C; (B) IBS-D. Data are presented as x + s, statistical analyses: univariate analysis of variance, “o < 0.05, **p < 0.01.
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the colonoscopy group, six (4.84%) in the nasointestinal tube
group, and two (3.18%) in the capsule group. The highest
incidence rate of diarrhea in the colonoscopy pathway may be
related to the stimulation effect of colonoscopy. There were
16 cases of nausea, of which 11 (8.87%) occurred in the
nasointestinal tube pathway, 1 (1.59%) in the capsule pathway,
and 4 (10%) in the colonoscopy pathway. Of the 10 cases
of vomiting, six (4.84%) occurred in the nasointestinal tube
group, two (3.18%) in the capsule group, and two (5%) in the
colonoscopy group. Headache occurred in seven (3.08%) cases,
a single case of GI bleeding occurred after colonoscopy, and
allergic reactions were detected in two (0.88%) cases, namely,
one (0.81%) in the nasointestinal tube group and one (2.5%)
in the colonoscopy group. Fever occurred in eight (3.52%)
cases, of which five (4.03%) were in the nasointestinal tube
group, two (5%) were in the colonoscopy group, and one
(1.59%) was in the capsule group. No significant differences
were observed concerning the adverse events among the three
groups. All symptoms were cured by symptomatic treatment,

and no serious adverse events were reported during treatment or
follow-up (Table 3).

DISCUSSION

In this study, 227 patients presenting IBS were enrolled.
Previously, FMT was reported to reduce IBS symptoms in
small-scale samples and short-term follow-up (17-19). Whether
FMT can produce long-term effects on IBS has not yet been
proven. Herein, the effect of FMT on IBS was studied through a
long-term (5-year) follow-up and a large sample size (227 cases).
The study endpoints included effective follow-up rates, change
of IBS-SSS score, IBS-related quality of life and fatigue, effect on
stool frequency, Bristol Stool Scale for IBS-C and IBS-D, and side
effects of FMT.

Current evidence suggests that the microbiota of the GI tract
could be a significant factor in the etiology of IBS (6). The gut
microbiota of IBS patients differs from that of healthy subjects,
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TABLE 3 | Side effects of FMT.

Nasointestinal tube (124) Capsules (63) Colonoscopy (40) Total complications (%) P

Abdominal pain (%) 7 (5.65) 2(3.18) 6 (15) 15 (6.61) 0.06
Abdominal distension/bloating (%) 8 (6.45) 3(4.76) 6 (15) 17 (7.49) 0.138
Diarrhea (%) 6 (4.84) 2(3.18) 5(12.50) 13 (5.73) 0.125
Nausea (%) 11(8.87) 1(1.59) 4(10) 16 (7.05) 0.094
Vomiting (%) 6 (4.84) 2(3.18) 2 (5) 10 (4.41) 0.828
Gl bleeding (%) 0(0) 0) 1(2.5) 1(0.44) 0.176
Headache (%) 5 (4.03) 0) 2(5) 7 (3.08) 0.146
Allergic reactions (%) 1(0.81) 0) 1(2.5) 2(0.88) 0.398
Fever (%) 5 (4.03) 1(1.59) 2(5) 8(3.52) 0.624
Total complications (%) 89 (39.21)

with the former having low bacterial diversity (dysbiosis), for
example (7, 8). Changes in the intestinal environment were
hypothesized to induce a compositional imbalance of the gut
microbiota, termed “dysbiosis,” which was associated with IBS
(9). Consequently, probiotics and antibiotics were studied as
potential treatment for IBS (10, 11); however, the scale of
improvement in symptoms was limited. FMT provides a creative
approach to restore the abnormal gut microbiome in patients
with IBS. Our team has treated 2,010 cases of various GI
dysfunction diseases including IBS through FMT, and the
resulting long-term (36 months) efficacy rates were >60% (16).
Although the current clinical studies have confirmed the efficacy
of FMT in the treatment of IBS, these were short-term studies
with small sample sizes; therefore, large-scale long-term studies
are still lacking in this field (26).

In 2017, the first randomized controlled trial (RCT) on FMT
treatment for IBS was conducted in Norway. Patients were
assigned to a group (n = 60) comprising subjects who received
50-80 g of fresh FMT (used on the same day) or frozen FMT
and a group (n = 30) consisting of subjects who received his
or her own feces as placebo. Transplantation was performed
with colonoscopy. After 3 months of FMT treatment, the IBS-
SSS scores decreased by more than 75 points for 36 out of
55 subjects who were actively treated (65%) and 12 out of 28
subjects who received placebo (43%) (p = 0.049), indicating that
the therapeutic efficacy was significantly better in the treatment
group than in the placebo group (27). Since then, in several other
randomized controlled studies that have been established, FMT
has appeared to be effective at improving the symptoms (IBS-
SSS) and the quality of life of patients with IBS, as well as reducing
their fatigue (25, 28).

At present, FMT can be administered through a variety of
methods, such as oral fecal capsules, nasointestinal injection, or
endoscopy. Due to the bacterial overgrowth in the small intestine
of IBS patients (29), the upper GI route is more recommended.
In this study, we compared the following three methods to
treat IBS: nasointestinal tube, capsule, and colonoscopy. The
results showed that the capsule approach had the most obvious
advantages. The main reason might be that the implementation
of this approach is simpler and more convenient and has better

medical compliance. Nonetheless, no significant differences
were observed concerning the adverse events among the
three groups.

Microbiota transplantation has been reported to have
significant effects within the 1st day after administration (30),
while the engraftment of transferred microbiota may take at
least 7 months after FMT (31). The decline of donor strain
populations has been detected within 1.5-3 months after FMT
(32), and 39 £ 23% of the species showed resistance to introduced
strains. Along with the decline of donor strains, the theoretical
effect of FMT will also decrease significantly (32). The study
by Johnsen et al. showed that, after 3 months of treatment, the
efficacy rate of FMT was 65% (36 cases), while treatment response
was observed in 12 cases (43%) of the placebo group. There
was a significant statistical difference between the FMT and the
placebo groups (p = 0.049). However, after 12 months of FMT,
its effect decreased, and it had a similar effect on participants
as the placebo (FMT vs. placebo groups, p = 0.075) (28).
Therefore, repeated FMT treatments might be required. Previous
research showed that a high-dose transplant and/or repeated
FMT for IBS may increase the response rate and the intensity
of the effects of FMT (25). In our previous clinical studies,
we had observed that, following the FMT treatment period,
the response decreased over time. Therefore, a repetitive and
periodic FMT treatment strategy was subsequently established
(33). Herein, it was confirmed that repeated and periodic
FMT treatment can significantly ensure the long-term efficacy
of FMT.

The present study indicated that the average course of FMT
was 3.93 £ 2.30, including 3.83 £ 1.78 for nasointestinal
tube patients, 5.19 £ 2.94 for capsule patients, and 2.25 +
1.24 for colonoscopy patients. The reason behind the larger
number of capsule transplants is that it is a simple, non-
invasive, and easy route to implement, which leads to better
medical compliance. Due to the trauma and discomfort of the
nasointestinal tube and colonoscopy, their medical compliance
is poor, and the frequency of repeated treatments is limited.
Consequently, the good patient compliance and high repetition
rate of capsule transplantation may be the main reasons for its
high efficacy.
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Adverse reactions to FMT treatment should also be addressed.
It has been shown that most of these events are GI
symptoms, as most patients experience transient diarrhea after
FMT treatment, and a few may manifest symptoms such as
bloating and belching that usually disappear after 2-3 days
(34). In this study, 89 (39.21%) adverse reactions occurred
during follow-up. The most common of these were abdominal
pain, abdominal distension/bloating, diarrhea, nausea, vomiting,
headache, allergic reactions, and fever. The capsules had the
least side effects when compared to the nasointestinal tube
and colonoscopy. All side effects were reduced by symptomatic
treatment, and no serious adverse events occurred during
the follow-up period. In 2019, the U.S. Food and Drug
Administration (FDA) issued a warning that two donors who
had not been tested for multidrug-resistant bacteria caused
severe infections after FMT, and one patient died as a result
(35). Our team has administered FMT therapy in 5,757 cases
of various diseases, and no deaths have occurred. Donors have
been tested for multidrug-resistant bacteria and resistant genes
since the beginning of the study. At the same time, recipients
are being selected according to rigorous standards. In addition
to routine tests, we also evaluate the immune function of the
recipient, such as lymphocyte count and T lymphocyte subgroup,
since patients with immunodeficiency are extremely prone to
enteric infections.

Certain limitations of this study need to be highlighted. First,
it is a retrospective analysis rather than a prospective randomized
controlled study. Second, we mainly focused on the clinical
symptoms of IBS patients after FMT but did not follow up the
changes of intestinal flora after the treatment period. Extensive
research has shown that FMT improves symptoms in patients
with IBS by improving the intestinal flora. However, one study
indicated that the intestinal flora of FMT significantly enhanced,
while the symptoms of IBS did not show any improvement (17).
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