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ABSTRACT

Introduction: Fecal microbiota transplantation
(FMT) has been used as a potential treatment
option for Crohn’s disease (CD). However, there
is still lack of safety and efficacy evidence based
on large samples of CD undergoing FMT. This

study aimed to evaluate the risk factors of
adverse event (AE) in the long term and the
efficacy of FMT in the short term for patients
with CD.
Methods: FMT via mid-gut for mild to severe
CD in a single center trial (NCT01793831) was
performed from October 2012 to December
2016. The possible factors with AE and efficacy
after FMT were prospectively recorded.
Results: A total of 184 frequencies of FMT were
performed for 139 patients who received FMT.
During 1 month after FMT, 13.6% of mild AEs
occurred, including increased frequency of
defecation, fever, abdominal pain, flatulence,
hematochezia, vomiturition, bloating and her-
pes zoster. No AE beyond 1 month was
observed. Therefore, a 1 month cut-off could be
suggested to define short-term and long-term
AEs of FMT. Among the possible risk factors,
only fecal microbiota purification methods were
closely associated with the occurrence of AEs.
The rate of AEs in patients undergoing manual
methods for the preparation of fecal microbiota
was 21.7%, which was significantly higher than
the 8.7% in those experiencing an automatic
method. The manual or automatic purification
of fecal microbiota had no correlation with the
efficacy of FMT.
Conclusion: This cohort study based on the
largest size of cases demonstrated that improved
fecal microbiota preparation reduced the rates
of AEs, but did not affect the clinical efficacy in
patients with CD.
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INTRODUCTION

Dysbiosis has been proven to be associated with
intestinal chronic inflammation in Crohn’s
disease (CD) [1]. Fecal microbiota transplanta-
tion (FMT) as a model for reconstructing
microbiota has been shown to have a potential
role in the treatment of CD [2–7]. With a deep
understanding of the gut microbiota, increasing
clinical studies of FMT have in recent years been
expanding from Clostridium difficile infection
(CDI) [8–11] to other diseases mainly in
inflammatory bowel diseases (IBD)
[3, 6, 7, 12–16]. Therefore, the safety of FMT is
becoming an important issue in clinical prac-
tice. With the consideration of the potential risk
in spreading pathogens, the US. Food and Drug
Administration has tried to regulate FMT as it
investigates new drug and has shifted its posi-
tion several times. Recently, Hoffmann et al.
[17] proposed a three-track regulatory
scheme and called for balancing the safety,
efficacy, access and research in FMT regulation.
Evidence of the safety is the basis for policy
making. However, long-term studies on safety
based on large sizes has been very limited, and
there have been no reports on long-term AE
related to FMT in CD based on large sample
sizes ([ 50).

We have reported the clinical remission rate
of 76.7% 1 month after FMT in 30 CD cases [6].
This result was consistent with the result of the
report from Suskind’s study [3]. Importantly,
most patients with CD need long-term
immunosuppressive treatment. Kelly et al. [18]
reported that there were no FMT-related infec-
tious complications in immunocompromised
patients with CDI. However, it is unknown
whether the immunosupression would increase
the risk of infection and other AEs after FMT in
the long term. Based on our previous studies of
single FMT used in refractory CD [6], and the
strategy of FMT for CD complicated with
inflammatory mass [7], the present study fur-
ther aimed to evaluate the possible factors

involving with short-term and long-term safety
of FMT in CD.

METHODS

Ethics Approval and Consents

All procedures performed in this study involv-
ing human participants were in accordance
with the Second Affiliated Hospital of Nanjing
Medical University Institutional Ethical Review
Board and with the 1964 Helsinki Declaration
and its later amendments or comparable ethical
standards. Informed consent was obtained from
all participants included in the study.

Patients, Donors and FMT Procedure

FMT via mid-gut for mild to severe CD with the
Harvey Bradshaw Index (HBI)[ 4 as a registered
trial was performed from October 2012 to
December 2016 at the Second Affiliated Hospi-
tal of Nanjing Medical University. This study
was retrospectively registered with clinicaltri-
als.gov. Trial registration date: 13/2/2013. Trial
registration number: NCT01793831. All
patients and donors were informed of the ben-
efits and potential risks of FMT and laboratory
screening. All written informed consentd were
obtained. Eligible subjects required documen-
tation of definite diagnosis of CD.

Donors were considered to be suitable ac-
cording to our screening criteria [6]. Healthy
donors were selected from patients’ relatives or
friends or from our universal stool bank (China
fmtBank), and carefully screened using the fol-
lowing exclusion criteria: history of drug use
(e.g., antibiotic, laxative or diet pill use within
the past 3 months; prior immunomodulator or
chemotherapy use) and history of disease (e.g.,
infectious diseases, obesity, diabetes, IBD, irri-
table bowel syndrome, chronic diarrhea, con-
stipation, colorectal polyps or malignant
neoplasm, immunocompromised states, meta-
bolic syndrome, allergy, history of major gas-
trointestinal operation or auto-
immune diseases, as well as any other diseases
or conditions related to the disturbance of
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intestinal microbiota). All donors accepted lab-
oratory examinations, such as regular blood
tests, C-reactive proteins, erythrocyte sedimen-
tation rates, immunoglobulin subtypes, bio-
chemical tests, hepatitis-associated indices,
HIV, syphilis, Cytomegalovirus, Epstein–Barr
virus, rubella virus, herpes simplex virus, toxo-
plasma, and stool testing (including stool cul-
ture, stool ova and parasites).

Fecal samples were obtained from scanned
donors after signing the informed consent, and
were processed for enriching microbiota in the
laboratory by manual methods (before April
2014) or automatic methods based on the
automatic purification machine GenFMTer
(FMT Medical, Nanjing, China) [7] (since April
2014). We followed the ‘‘1-h FMT protocol’’,
which means that the time from the stool
coming out of the colon to the patient’s intes-
tine or storing at - 80 �C refrigerator is required
to be finished within 1 h [7]. The stored fecal
microbiota needed be thawed at 37–39 �C
before infusion into the patient’s intestine.
However, after we had confirmed that the fro-
zen FMT induced the decreased rate of clinical
improvement by 26.7% at 6 months post-FMT
compared with the fresh FMT in CD at our
earlier phase [6], the fresh FMT has become the
first and even the most important suggestion to
patients with CD in our practice. The purified
fecal microbiota was delivered into the mid-gut
through a naso-jejunal tube or gastroscopic
infusion under anesthesia.

The Safety of FMT

All AEs were recorded during the follow-up after
FMT. The longest follow-up time was 5 years.
All AEs were described using Common Termi-
nology Criteria for Adverse Events (CTCAE) as
in our previous study [6]. Grade refers to the
severity of the AE. The CTCAE displays Grades
1–5 with clinical descriptions of severity for AE
based on the guideline.

The Efficacy of FMT

The efficacy of FMT was evaluated at 1 month
after FMT. The activity of disease was assessed

by HBI based on abdominal symptoms, exami-
nation findings, and the presence of extrain-
testinal manifestations [6, 7]. Clinical response
was defined as the HBI score decreasing to [ 3.
Clinical remission was defined as HBI B 4 after
FMT. All patients who achieved clinical remis-
sion were included in the analysis of clinical
response.

Statistical Analysis

Data were analyzed by using SPSS 18.0. Analyses
included the nonparametric test, Chi square
test, Fisher’s exact test and logistic analysis.
Two-tailed P value was calculated with each
test. P\0.05 was considered significant.

RESULTS

Patient Characteristics

A totla of 156 patients with moderate to severe
CD underwent FMT from October 2012 to
December 2016. Of these, 17 (10.9%) patients
were excluded, as 9 had incomplete medical
records, and the remaining 8 patients were lost
to follow-up. Finally, 139 patients were inclu-
ded for the analyses (Table 1).

FMT Related AEs

In total, 139, 106 and 32 patients were included
for analysis with 12 months, 2 years and 5 years
of follow-up, respectively. All FMTs were deliv-
ered through the mid-gut. A total of 33 patients
underwent multiple FMTs for maintaining
clinical response during a long-term period. The
second FMT for CD was performed generally
3–6 months after the first FMT [7]. Six patients
were performed the second FMT within 1–-
3 months after the first FMT in consideration of
their serious condition. In total, 184 FMTs were
performed for 139 patients. Of these, 13.6% (25/
184) of AEs occurred within 1 week after FMT
(Fig. 1). Only herpes zoster was observed within
1 week after FMT but it was cured within
1 month. According to CTCAE, the relevance to
FMT was classified as probable or possible, and
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84.0% (21/25) of AE were considered grade 1.
All AEs occurred after FMT and 84% of them
were self-improvement without medication
treatment (Table 2). Only four patients (16%)
with AEs were treated with medication. One
(4%) had persistent fever after FMT and was

prescribed oral prednisone in consideration that
the FMT might fail to induce clinical improve-
ment. Hematochezia occurred in one patient
after FMT; however, the symptom disappeared
after the repeated FMT. One patient required to
be discharged due to increased frequency of
defecation after FMT. This patient gradually
recovered from corticosteroid treatment in
another hospital. There were no serious AEs
after FMT during the follow-up.

Risk Factors Related to AEs of FMT

A total of 139 patients at the first FMT were
included for further analysis of the possible risk
factors for AEs of FMT. Logistic analysis adjust-
ing for the confounders showed that only
manual fecal microbiota purification methods
were an independent risk factor for FMT-related
AEs (OR = 3.644, 95% CI 1.414–9.393,
P = 0.007). A total of 21.7% (15/69) patients had
AEs after FMT in the group of manual methods
was lower than the 8.7% (10/115) in the group
of automatic preparations (Table 3).

The Efficacy of FMT

We further analyzed the efficacy of FMT and its
relevance with the methods of fecal microbiota
purification and the occurrence of AEs (Table 4).
No significant difference was observed between
the group with manual methods and the group
with automatic methods, indicating that the
method of fecal microbiota preparation should
not affect the efficacy of FMT for active CD.
Interestingly, the rate of clinical response and
clinical remission were 45% (9/20) and 20% (4/
20) in the patients with AE, which was signifi-
cantly lower than 75.6% (90/119) and 63.0%
(75/119) in the group without AE, respectively.

DISCUSSION

The present results show that the rate of AEs was
13.6% for all patients with refractory CD
undergoing FMT. Our previously reported data
in 2015 based on 30 CD patients [6], and an
open label study in 2016 from Boston based on

Table 1 The baseline characteristics of the included CD
patients

Characteristic

Total patients number, n 139

Age, year (median) 32

Sex, male, % (n) 61.9% (86)

Age as diagnosis, % (n)

A1 (age\ 16 years) 15.1% (21)

A2 (age between 17 and 40 years) 66.2% (92)

A3 (age[ 40 year) 18.7% (26)

Duration of disease, year (median) 5

Location

L1 (small intestine) 15.1% (21)

L2 (colonic disease) 24.5 (34)

L3 (ileocolonic disease) 59.0 (82)

L4 (upper gastrointestinal tract) 1.4% (2)

Behavior

B1 (inflammatory) 45.3 (63)

B2 (stricturing) 36.0 (50)

B3 (penetrating) 18.7 (26)

Harvey Bradshaw index (median) 9

Treatment history

Mesalamines, % (n) 95.7 (133)

Steroids, % (n) 59.7 (83)

Immunosuppressants, % (n) 42.4 (59)

Anti-TNF antibody, % (n) 21.6 (30)

Surgery, % (n) 36.0 (50)

Smoking history, % (n) 23.7% (33)

Family history with Crohn’s disease, % (n) 6.5% (9)
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19 patients [19], demonstrated a similar overall
safety of FMT. A study involving two children
from Poland reported that the observed side
effects of FMT for CD were self-limiting and
benign [20].

One of the most important findings in this
study is that the methodology of fecal micro-
biota preparation in the laboratory is the inde-
pendent factor related to the occurrence of AEs.
In April 2014, our center started to use an
automatic machine to enrich the microbiota
from the donated healthy stool in a specific
laboratory room which was set as GMP level
[21]. The following years of clinical experience
using FMT indicated that the rate of AEs related
to FMT based on automatic purification were
significantly less than that related to crude FMT.
It should be reasonable that the crude fecal
matters may include much more material (e.g.,
pyrogen) than purificed suspensions from a
specifically designed automatic purification
system. No AE beyond 1 month was observed.

Therefore, a 1 month cut-off could be suggested
to define short-term and long-term AEs of FMT.

Another question after the purification of
microbiota is whether the final materials would
decrease the clinical response, since the bacte-
rial components, metabolites, or bacteriophages
were observed to play therapeutic roles for CDI
[11]. Importantly, we need to note that the
automatic purification system was designed to
enrich the bacteria instead of collecting molec-
ulars in fecal water. The proper purification
process was useful to enrich the microbiota,
especially for those bacteria at low kurtosis [6].
Although the present outcome showed a small
trend of decreasing clinical efficacy, there was
no significant difference in the rate of clinical
response or clinical remission between the two
groups of different methods. Importantly, the
reported clinical response of FMT for CD from
different centers was variable [2–7, 19, 20, 22];
however, the clinical efficacy in all of our pre-
vious studies kept stable [2, 6, 7]. Interestingly,

Fig. 1 A total of 184 frequencies of FMT were performed
for 139 patients with Crohn’s disease. During the long-
term follow-up, 13.6% (25/184) of all FMTs had mild
AEs, including increased frequency of defecation (13),

fever (8), abdominal pain (5), flatulence (2), hematochezia
(1), vomiturition (1), bloating (1) and herpes zoster (1).
All AEs occurred within 1 week after FMT. There were no
serious AEs after FMT
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Table 2 The details of all adverse events and the relevance to FMT

Cases Adverse events Grade FMT relevance Clinical treatment and
outcome

Adverse events rate, % (n) Probable ? possible 13.6% (25/184)

1 Flatulence 1 Probable Self-improvement

2 Fever 2 Probable Improvement after

prednisone use

3 Increased frequency of defecation 1 Probable Self-improvement

4 Hematochezia 2 Possible Improvement after repeated

FMT

5 Fever and increased frequency of defecation 1 Probable Self-improvement

6 Increased frequency of defecation 3 Possible Improvement after

prednisone use

7 Fever and abdominal pain 2 Possible Self-improvement

8 Increased frequency of defecation 1 Probable Self-improvement

9 Increased frequency of defecation 1 Probable Self-improvement

10 Fever 1 Probable Self-improvement

11 Increased frequency of defecation and abdominal

pain

1 Probable Self-improvement

12 Increased frequency of defecation, flatulence and

abdominal pain

1 Probable Self-improvement

13 Increased frequency of defecation and abdominal

pain

1 Probable Self-improvement

14 Fever 1 Probable Self-improvement

15 Fever 1 Probable Self-improvement

16 Vomiturition 1 Possible Self-improvement

17 Fever 1 Probable Self-improvement

18 Fever 1 Probable Self-improvement

19 Increased frequency of defecation 1 Probable Self-improvement

20 Increased frequency of defecation and abdominal

pain

1 Probable Self-improvement

21 Bloating 1 Probable Self-improvement

22 Increased frequency of defecation 1 Probable Self-improvement

23 Increased frequency of defecation 1 Probable Self-improvement

24 Increased frequency of defecation 1 Probable Self-improvement

25 Herpes zoster 1 Possible Regular treatment
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Table 3 The risk factors related to adverse events of FMT

Risk factors Statistics P value

Age - 1.835 0.067

Sex 0.031 0.861

Age at diagnosis - 1.748 0.080

Duration of disease - 1.123 0.261

Location 1.140 0.767

Behavior 1.560 0.459

Harvey Bradshaw index - 0.632 0.528

Treatment history

Mesalamines 0 1

Steroids 0.920 0.338

Immunosuppressants 0.859 0.354

Anti-TNF antibody 0 1

Surgery history 1.514 0.218

Smoking history 0.756 0.385

Family history 1.173 0.279

Total FMT times, n 184

Donor source (kinship or non-kinship) 1.194 0.274

Fecal microbiota status (fresh or frozen) 0 0.993

Fecal microbiota purification methods 6.249 0.012

Manual, AE % (n/n) 21.7% (15/69)

Automatic, AE % (n/n) 8.7% (10/115)

Table 4 The clinical efficacy related to methods of fecal microbiota preparation and AEs of FMT in CD patients

Clinical response Clinical remission

Rate x2 P Rate x2 P

Fecal microbiota preparation methods

Manual 77.6% (52/67) 2.576 0.108 58.2% (39/67) 0.100 0.752

Automatic 65.3% (47/72) 55.6% (40/72)

Adverse events

Yes 45.0% (9/20) 7.838 0.005 20.0% (4/20) 12.920 \ 0.001

No 75.6% (90/119) 63.0% (75/119)
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the present results demonstrated that CD
patients with AEs might have decreased benefits
from FMT than those patients without AEs. It is
valuable to highlight that the risks and benefits
were not related to the selected donors accord-
ing to the current data. However, this does not
mean that the screening of donors is not
important, because the present results were
based on relatively stable donors, a strict FMT
protocol, 1-h FMT work flow, and similar qual-
ity control in a leading FMT center.

This study had limitations, including non-
randomized design, no microbiota sequencing,
no life quality data, and only involving with
delivering way through the mid-gut. Another
shortcoming was that the activity of disease was
assessed by HBI, which has a virtually limited
relationship to the CD endoscopic activity
index. Although we have reported the cost-ef-
fectiveness analysis of FMT in both CD and
ulcerative colitis [23], further study is necessary
because of the changed procedures and treat-
ment strategy. The reported evidence of the
efficacy and long-term safety of FMT is limited
[24]. This is the significance of the national
register for 10 years of evaluation of FMT in the
USA [25] and the China Microbiota Transplan-
tation System (CMTS) [26]. The present data on
safety and efficacy were from CMTS.

CONCLUSION

The present study highlighted the importance of
rethinking the current understanding on the
crude FMT process for achieving fecal micro-
biota suspension. The methodology of FMT is an
important factor related to quality control on
safety. The present results based on the largest
size of CD cases undergoing FMT demonstrated
that purification of microbiota from donated
healthy stool reduced the rate of AEs, but did not
affect the clinical efficacy in the short term.
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