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Background: The potential of washed microbiota transplantation (WMT) in Crohn’s

disease (CD) has been reported. This study aimed to explore the suitable timing of WMT

in patients with CD complicated with malnutrition.

Methods: This is a randomized, open-label study. Patients with active CD complicated

with malnutrition were included and 1:1 randomized to undergo WMT at day 1 (group

WMT-DAY1) or day 8 (group WMT-DAY8). The observation duration was 15 days.

Exclusive enteral nutrition (EEN) was administered in both groups. The primary outcome

was the improvement in nutritional parameters at day 8 and day 15 in two groups. The

secondary outcome was the rate of clinical remission at day 15 in two groups.

Results: Totally 19 patients completed the trial. At day 8, the lymphocyte count, albumin

and prealbumin increased significantly compared to those at day 1 in group WMT-DAY1

(p = 0.018, p = 0.028, p = 0.028, respectively), while no significant increase in any

nutritional parameter was shown in group WMT-DAY8. At day 15, albumin increased

significantly compared to that at day 1 in both groups (p< 0.05), while significant increase

in prealbumin was only shown in group WMT-DAY1 (p = 0.004) compared to that at day

1. The rate of clinical remission at day 15 in group WMT-DAY1 and group WMT-DAY8

was 87.5% (7/8) and 72.7% (8/11), respectively (p = 0.603).

Conclusion: EEN combined with immediate WMT intervention could rapidly improve

the nutritional status and induce clinical remission in malnourished patients with CD.

Clinical Trial Registration: www.ClinicalTrials.gov, identifier: NCT02897661.

Keywords: fecal microbiota transplant, washed microbiota transplantation, Crohn’s disease, exclusive enteral

nutrition, malnutrition, safety
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INTRODUCTION

The prevalence of malnutrition in patients with Crohn’s disease
(CD) ranged from 16–85% through reports (1, 2). Dietary
restriction, disease activity and history of abdominal surgery
are associated with higher risk of malnutrition (2). Exclusive
enteral nutrition (EEN) is an effective treatment to improve
nutritional status and induce remission in patients with CD,
especially for pediatric patients (3). It is hypothesized to control
disease activity by leading to profound alterations in the
intestinal microbiota, enhancing barrier function and promoting
direct anti-inflammatory effects (3). However, a reduction in
microbiota diversity was the most frequently reported effect
of EEN according to a systematic review despite variations of
bacterial shifts, diversity alterations and metabolomics changes
among studies (4). Therefore, there raised a clinical question
that whether EEN combined with microbiota transplantation can
bring much more benefits to those malnourished patients with
CD. Fecal microbiota transplantation (FMT) is an effective way of
remodeling gut microbiota. Our previous studies and Sokol et al.,
have demonstrated the therapeutic potential of FMT in inducing
clinical remission and improving nutritional status in CD (5–8).

The intestinal barrier injury in CD reasonably raises the safety
concern about FMT. The improved methodology of FMT in
our group since 2014 was different from the traditional manual
FMT and was named as washed microbiota transplantation
(WMT) by the recent consensus statement (9), which was based
on the automatic facilities and washing process (9, 10). The
rate of WMT related adverse events (since April 2014) was
8.7% in patients with CD, which was significantly lower than
21.7% in those who underwent manual FMT from 2012 to April
2014 (11). The improved safety from FMT to WMT provided
the technical support for the clinical decision on delivering
microbiota suspension into intestine in patients with intestinal
barrier injury.

Therefore, another raised critical question is that when is
the proper time to combine WMT for those patients with CD
requiring EEN. This study aimed to answer this question based
on a randomized trial. The results will provide clinical evidence
on using EEN and WMT in proper time for malnourished
patients with CD needing comprehensive treatment strategy.

METHODS

Study Design
This is a randomized, prospective, open-label, single-center
clinical trial (NCT02897661) conducted at the Second Affiliated
Hospital of Nanjing Medical University between August 2016
and May 2019.

Inclusion criteria included: patients aged 18–65 years with
active CD, as defined byHarvey-Bradshaw Index (HBI) score> 4;
patients with malnutrition as assessed by Nutritional Risk
Screening 2002 (NRS2002) score ≥ 3 (12) and Patient-
Generated Subjective Global Assessment (PG-SGA) score ≥

4 (13). The exclusion criteria were as follows: patients
complicated with contraindications of enteral nutrition (EN)
such as ileus, active gastrointestinal bleeding, and shock;

severe comorbidities (e.g., Clostridioides difficile infection,
diabetes, cancer, cardiopulmonary failure and severe liver
and kidney diseases); parenteral infection such as urinary
infection, pneumonia, etc.; intestinal fibrotic stenosis; steroids or
biologics use in 6 weeks before WMT; EN in progress; mental
disorders. Written informed consents were obtained from all
subjects before they participated in the study. The study was
conducted in accordance with the Declaration of Helsinki and
the protocol was approved by the Institutional Ethical Review
Board of the Second Affiliated Hospital of Nanjing Medical
University (2015LPIIT00301).

The duration of this trial was 15 days. Patients were
1:1 randomized to immediate WMT intervention group
(underwent WMT at day 1, group WMT-DAY1) and delayed
WMT intervention group (underwent WMT at day 8, group
WMT-DAY8) using a computer-generated permuted block
randomization (block sizes four). The sequence of randomization
was contained in sealed opaque envelopes and kept by the clinical
research coordinator. The attending doctors were responsible for
enrolling patients. Patients were supplied with energy of 30–35
kcal/kg per day. EN was administered during the whole 15 days
through nasogastric tube or mid-gut transendoscopic enteral
tube (TET) (14) connected to a peristaltic pump. Parenteral
nutrition was added properly to meet the calculated energy
requirements. EEN was performed when EN provided at least
60% of targeted energy requirements (usually within 2–3 days
after initiating EN). Patients were only allowed to have water
but no other food through mouth. Patients were suggested to
maintain their medications during the trial.

Demographic information of each participant was evaluated
at baseline. Clinical activity and laboratory parameters were
assessed and recorded, respectively at baseline, day 8, and
day 15 of the observation period, which included HBI,
hematocrit, platelet, C-reactive protein (CRP), total protein, and
nutritional parameters (hemoglobin, lymphocyte count, albumin
and prealbumin). Clinical remission was defined by HBI score
≤ 4. The primary outcome was the improvement in nutritional
parameters at day 8 and day 15 in two groups. The secondary
outcome was the rate of clinical remission at day 15 in two
groups. The study was designed as a pilot trial; therefore, no
sample size calculation was performed.

Donors and WMT Procedure
Donors were screened according to our previously reported
criteria (15). Healthy donors aged 21–26 years were selected
from our universal stool bank (Chinese fmtBank). The improved
methodology of FMT based on the automatic facilities and
washing process was named as WMT. Fecal microbiota was
enriched using an automatic purification machine (GenFMTer,
Nanjing, China). The obtained suspension was then transferred
for centrifugation at a speed of 3,000 rpm for 3min and the
supernatant was discarded. This procedure was repeated three
times using sterile saline to make the suspension. The final
sediment was suspended again with sterile saline in accordance
with the ratio of sediment to saline (1:2). We adopted the one-
hour WMT protocol in which the process time from defecation
to the infusion of fresh bacterial material into patient’s intestine
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FIGURE 1 | Flow of patients in the trial. WMT, washed microbiota transplantation.

was within 1 h (16, 17). The fresh microbiota suspension could be
infused into the distal duodenum of patients through gastroscope
under anesthesia. In order to prevent the reflux of microbiota
suspension and inhibit the secretion of gastric acid, patients were
given intramuscular metoclopramide 10mg and intravenous
proton pump inhibitor (PPI) at least 1 h before WMT (5).
Another way to deliver the fresh microbiota suspension into
the mid-gut was through the mid-gut TET tube (FMT Medical,
Nanjing, China) (14) without metoclopramide and PPI use.

Safety
Adverse events (AEs) were recorded in 1 month followingWMT.
The Common Terminology Criteria for Adverse Events (version
5.0) were used to describe the intensity and relationship of the

adverse events with WMT. The intensity of AEs was graded
as mild (grade 1), moderate (grade 2), severe (grade 3), life
threatening (grade 4), and death (grade 5). Relativity between
AEs and WMT was categorized as definitely related, probably
related, possibly related, and unrelated (18).

Statistical Analysis
According to the distribution, either paired t-tests or non-
parametric, two-tailed, matched-pairs Wilcoxon signed-rank
tests were performed to identify the differences in clinical
parameters between day 1 and day 8 or between day 1 and
day 15 within each group. Unpaired t-tests or non-parametric
Mann–Whitney U-tests were used to assess the differences in
clinical parameters between day 1 and day 8 or day 1 and day
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TABLE 1 | Baseline demographic and clinical characteristics of the patients.

Item WMT-DAY1 WMT-DAY8 p-value

Sex, male, n (%) 3 (37.5) 8 (72.7) 0.181

Age, year (median;

IQR)

22 (20-54) 31 (27-37) 0.545

Disease duration,

year (median; IQR)

6 (2-8) 4 (1-5) 0.395

Disease location

(L1/L2/L3/L4)

0/3/5/0 1/2/8/2 0.564

Behavior

(B1/B2/B3)

2/3/3 3/4/4 1.000

Perianal disease,

n (%)

3 (37.5) 6 (54.5) 0.650

Hemoglobin, g/L 111.9 ± 13.2 106.8 ± 22.3 0.575

Hematocrit (%) 34.6 ± 3.6 33.7 ± 5.7 0.724

Platelet (109/L) 334.8 ± 91.5 369.3 ± 149.5 0.572

Lymphocyte count

(109/L)

1.4 ± 0.6 1.3 ± 0.4 0.756

CRP 34.6 ± 18.7 15.2 ± 14.7 0.021

Total protein, g/L 70.3 ± 10.3 63.7 ± 8.2 0.129

Albumin, g/L 33.8 ± 4.6 34.5 ± 5.7 0.801

Prealbumin, mg/dl 14.2 ± 6.2 18.5 ± 5.3 0.125

BMI, kg/m2 19.0 ± 2.0 17.9 ± 2.1 0.091

Weight, kg 51.6 ± 4.3 51.4 ± 9.2 0.950

Harvey-Bradshaw

Index

5.8 ± 0.9 7.0 ± 2.0 0.206

WMT, washed microbiota transplantation; IQR, interquartile range; CRP, C-reactive

protein; BMI, body mass index.

15 in the group WMT-DAY1 vs. group WMT-DAY8. The rate of
clinical remission and AEs were compared between groups using
Fisher’s exact test. A two-tailed P-value < 0.050 was considered
significant. Statistical analysis was performed using IBM SPSS
Statistics version 20.0 (SPSS Inc., Chicago, IL, USA). Graphics
were drawn with the Prism software v.8.0 (GraphPad Software).

RESULTS

Patient Characteristics
In total, 26 patients were considered for enrollment between
August 2016 and May 2019. Four patients were excluded:
met exclusion criteria (n = 3) and declined to participate (n
= 1). Twenty-two patients were randomly assigned to group
WMT-DAY1 and group WMT-DAY8. Finally, 8 patients in
group WMT-DAY1 and 11 patients in group WMT-DAY8 were
included into analysis (Figure 1). The patient’s characteristics
are presented in Table 1. There were no differences in sex, age,
disease duration, HBI and nutritional status between two groups
at baseline.

Changes in Nutritional and Inflammatory
Parameters
At the first observation point (day 8), the lymphocyte count,
albumin and prealbumin increased significantly compared to
those at day 1 in group WMT-DAY1 (p = 0.018, p = 0.028,

p = 0.028, respectively), while no significant difference in
any nutritional parameter was shown in group WMT-DAY8.
At the second observation point (day 15), the albumin and
prealbumin increased significantly compared to those at day
1 in group WMT-DAY1 (p = 0.007, p = 0.004, respectively),
and only albumin increased significantly in group WMT-DAY8
(p = 0.012). There was no significant difference in changes
of nutritional parameters from day 1 to day 8 between group
WMT-DAY1 and group WMT-DAY8. However, the increase in
lymphocyte count from day 1 to day 15 was significantly higher
in groupWMT-DAY1 when comparing with groupWMT-DAY8
(Figure 2). The body weight in both groups tended to increase at
day 15 compared to that at day 1 but no statistical significance was
detected. CRP tended to decrease at day 8 when comparing with
that at day 1 in both groups (p= 0.116 in group WMT-DAY1 vs.
p= 0.075 in group WMT-DAY8) (Supplementary Figure 1).

Changes in Clinical Activity
At day 8, 87.5% (7/8) and 63.6% (7/11) of patients achieved
clinical remission in groupWMT-DAY1 and groupWMT-DAY8,
respectively (p= 0.338). At day 15, 87.5% (7/8) and 72.7% (8/11)
of patients achieved clinical remission in groupWMT-DAY1 and
group WMT-DAY8, respectively (p= 0.603).

Safety
WMT-related AEs occurred in 21.1% (4/19) of patients within 1
month after WMT, among which one occurred in group WMT-
DAY8 and three occurred in group WMT-DAY1 (9.1 vs. 37.5%,
p= 0.262). Of these four AEs (shown in Table 2), three occurred
within 1–6 h after WMT and were transient and relieved without
medical intervention. Pericoronitis was reported 2 weeks after
WMT in a patient with history of poor tooth cleaning habits,
which was characterized by the pain and infection of the gum
tissue surrounding a partially erupted third molar. No serious AE
was observed.

DISCUSSION

The principal finding of this pilot study was that EEN combined
with immediate WMT intervention brought a more rapid
improvement in nutritional status in patients with CD compared
with delayed WMT intervention, as patients in group WMT-
DAY1 showedmore significant increase in nutritional parameters
at day 8 and day 15.

The strategy of usingWMTplus EEN to treat patients with CD
has been reported as part of step-up FMT strategy and showed
efficacy in CD-related clinical targets including abdominal pain,
hematochezia, fever, diarrhea and enterocutaneous fistula (7, 19).
We considered that the efficacy of this strategy in improvement of
nutritional status and disease activity should be better than using
WMT or EEN solely.

Evidence showed that transferring diet-responsive bacterial
taxa between hosts could enhance subsequent responses to diet
interventions (20), which indicated that microbial composition
may affect the efficacy of following nutritional intervention.
Moreover, WMT may improve clinical response to EN in
patients who did not respond to nutritional therapy prior to
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FIGURE 2 | Changes in nutritional parameters between day 1 and day 8, day 1 and day 15 in two groups. (A–D) Changes in hemoglobin, lymphocyte count, albumin,

and prealbumin between day 1 and day 8 in group WMT-DAY1 and group WMT-DAY8, respectively. (E–H) Changes in hemoglobin, lymphocyte count, albumin, and

prealbumin between day 1 and day 15 in group WMT-DAY1 and group WMT-DAY8, respectively. The distribution of values within each group at each timing is

illustrated by mean and SD. In group WMT-DAY1, data of two patients at day 8 and another two patients at day 15 were unavailable. WMT, washed microbiota

transplantation.

TABLE 2 | Washed microbiota transplantation (WMT)-related adverse events (AEs) during the 1 month follow-up.

Cases AEs Group Duration Grade Causality between AEs and WMT Clinical treatment and outcome

1 Abdominal pain WMT-DAY8 1–6h 1 Probable Self-improvement

2 Abdominal pain WMT-DAY1 1–6h 1 Probable Self-improvement

3 Increased stool frequency WMT-DAY1 1–6h 1 Probable Self-improvement

4 Pericoronitis WMT-DAY1 2 weeks 1 Possible Self-improvement

WMT according to our previous report (5, 19). These studies
confirmed that microbiota intervention contributed to response
to nutritional treatment.

Besides, malnutrition might affect the efficacy of WMT.
Hypoalbuminemia (defined by a serum albumin <35 g/L) may
result in edema of intestinal mucosa among patients, which
might affect the engraftment of microbiota. However, whether
the albumin level could affect the efficacy of FMT is unsure. In the
present study, the albumin level in groupWMT-DAY1 at baseline
was 33.8± 4.6 g/L and the minimum among all patients was 25.8
g/L, thus the current findings were based on a serum albumin
level higher than 25 g/L. On the contrary, one study reported a
cure rate of 91% after FMT(s) in patients with severe and severe-
complicated CDI with a median albumin level of 25 g/L, among
whom patients with lower albumin were more likely to undergo
a repeat FMT (21).

Inflammation and active status are risk factors for developing
malnutrition in patients with CD. In the present study, the CRP
level tended to decrease at day 8 in both groups, indicating
the anti-inflammation effect. Furthermore, lymphocyte count
increased at day 8 and day 15 compared to that at day 1 in group
WMT-DAY1, and the change of lymphocyte from day 1 to day
15 was significantly higher in group WMT-DAY1. Lymphocyte
count could reflect both the nutritional and immunological
status of the body and has been used as prognostic marker for

complications when combining with serum albumin [known as
prognostic nutritional index (PNI)] (22, 23). Gut microbiota was
reported to have a pronounced modulatory effect on the immune
system (24, 25). Our previous report showed that T lymphocyte,
CD3+CD4+ cell and ratio of CD4+/CD8+ increased at 3 days
post FMT (5). Therefore, we hypothesized that WMT could
improve the homeostatic immune status. The lymphocyte count
may rise after WMT as patient’s nutritional and immune status
improved at the same time. Our results indicated that patients
in immediate WMT intervention group showed more increase in
lymphocyte count. However, lymphocyte count did not increase
at day 15 compared with that at day 1 in WMT-DAY8 group,
which might be partially attributed to the small sample size.
Hence, more evidence is needed to certify the role of WMT in
lymphocyte count.

Prealbumin and albumin were considered as biochemical
markers of nutritional status. Nowadays, they are considered as
negative acute phase proteins and the decrease of which could
reflect active CD (26). However, due to the short half-life of 2
days of prealbumin, it can reflect the early response to nutritional
support (26). In the current study, the prealbumin increased
significantly at day 8 and day 15 in group WMT-DAY1. An
increase in prealbumin was also observed at day 8 and day 15
in group WMT-DAY8, but there was no statistical difference. At
day 15, patients in both groups achieved significant increase in
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albumin. Though the decrease of inflammation might contribute
to this change, the rise in prealbumin was not due solely to it
but also nutritional support. The above results indicated that the
strategy of EEN plus WMT might be superior to EEN alone. The
WMT should be performed earlier for bringing more benefits to
CD patients with malnutrition.

The result from a randomized trial demonstrated a remission
rate of 53% in adult patients within 6 weeks of EEN (27).
The pooled proportion of achieving clinical remission through
FMT was 52% in patients with CD among cohort studies (28).
The recent research reported FMT induced clinical response
in 75.3% of patients (7). The current study reported a relative
higher rate of clinical remission (87.5 and 72.7% at day 15
in group WMT-DAY1 and group WMT-DAY8 respectively),
which might result from this combined treatment. In this study,
immediate intervention of WMT seemed to show a trend of
better clinical efficacy than delayed WMT intervention during
15 day’s observation. However, no significant difference was
identified, which might be attributed to the limited sample size.

The rate of WMT-related AE in CD was 4.26%
according to the latest analysis based on the data from
China Microbiota Transplantation System (CMTS) for the
long-term evaluation on FMT safety (10). In the present
study, four WMT-related AEs occurred within 1 month
following WMT, which were mild and self-improved with
no significant difference in the rate of AE between two
groups. Therefore, the results demonstrated that immediate
WMT intervention starting at day 1 improved efficiency of
treating malnutrition and potentially did not increase the risk
of AE.

There are some limitations to this study. The evidence
from the current open-label, small sample sized study might
not be convincing enough for making a conclusion. The
observation period was short. Nutritional assessment needed
to be performed in a more comprehensive way in a longer
observation period. In addition, the lack of microbial
analysis also prevented us from further understanding
the mechanisms related to the changes in nutritional
parameters as well as clinical activity. Further analysis
of fecal microbiota among patients is warranted in the
future study.

CONCLUSION

This pilot randomized study provided preliminary evidence that
EEN combined with immediateWMT intervention could rapidly

improve the nutritional status and induce clinical remission in
patients with CD complicated with malnutrition.
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