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ORIGINAL ARTICLE

Faecal microbiota transfer in patients with microscopic colitis – a pilot study in
collagenous colitis

Savanne Holstera�, Julia Rodea� , Johan Bohrb, Ashok Kumar Kumawatc, G�abor Veressd,
Elisabeth Hultgren H€ornquista, Robert Jan Brummera and Julia K€oniga

aNutrition-Gut-Brain Interactions Research Centre, Faculty of Medicine and Health, School of Medical Sciences, €Orebro University, €Orebro,
Sweden; bDepartment of Gastroenterology, Faculty of Medicine and Health, €Orebro University, €Orebro, Sweden, €Orebro University Hospital,
€Orebro, Sweden; cCardiovascular Research Centre, Faculty of Medicine and Health, School of Medical Sciences, €Orebro University, €Orebro,
Sweden; dDepartment of Laboratory Medicine, Faculty for Medicine and Health, €Orebro University, €Orebro, Sweden, €Orebro University
Hospital, €Orebro, Sweden

ABSTRACT
Objectives: Faecal microbiota transfer (FMT) consists of the infusion of donor faecal material into the
intestine of patients with the aim to restore a disturbed gut microbiota.
Methods: In this pilot study (NCT03275467), the effect of three repeated FMTs (day 0, two weeks, four
weeks) was studied and followed up for six months in nine collagenous colitis (CC) patients, using two
stool donors.
Results: Five patients had an active disease at the time of baseline sampling. The primary endpoint
(remission at six weeks, defined as <3 stools whereof <1 watery stool per day) was achieved by two
of these patients, and by one at eight weeks. Overall, in all nine patients, FMT did not result in a sig-
nificant reduction of watery stools, assessed by daily diary. However, diarrhoea (assessed by gastro-
intestinal symptom rating scale) was significantly improved at four (p¼ .038) and eight weeks
(p¼ .038), indigestion at eight (p¼ .045) and 12 weeks (p¼ .006), disease-related worries at four
(p¼ .027) and eight weeks (p¼ .027), and quality of life at six months (p¼ .009). FMT resulted in an
increased number of lamina propria lymphocytes, possibly indicating an initial mucosal immune activa-
tion. No serious adverse events, no systemic effects, and no changes in faecal calprotectin and psycho-
logical symptoms were observed.
Conclusions: FMT is able to improve symptoms in a yet undefined subset of CC patients. Further
studies could help to characterise this subset and to understand if these results can be generalised to
all microscopic colitis patients.
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Introduction

Microscopic colitis (MC) is a chronic inflammatory disease
mostly diagnosed in middle-aged or elderly women.
Although MC does not lead to increased mortality, patients
suffer from chronic watery diarrhoea, abdominal pain and
weight loss, which strongly affects their quality of life [1]. MC
is primarily divided into the two entities collagenous colitis
(CC) and lymphocytic colitis (LC). Both types are character-
ised by a macroscopically normal or almost normal mucosa;
however, microscopically an increased number of lympho-
cytes can be observed. The colonic mucosa of CC patients
also shows a thickened subepithelial collagen layer [2,3].
Currently, the most effective medication to treat MC is bude-
sonide, a synthetic glucocorticoid. However, 80% of the
patients relapse after ending the treatment and long-term

use is associated with corticosteroids-associated side
effects [4].

The aetiology of MC is not well understood, but an aber-
rant immune response to unknown luminal agents in genet-
ically predisposed individuals might be one of the
underlying causes [5]. The gut microbiota has been sug-
gested to be such a potential luminal agent, and recent
studies have shown that the faecal microbiota composition is
altered in MC patients compared to healthy individuals [6–8].
The emerging evidence of the gut microbiota being involved
in the pathophysiology of MC as well as the need for alterna-
tive, non-pharmaceutical treatments suggest faecal micro-
biota transfer (FMT) as a new potential treatment option for
MC. FMT consists of the introduction of faecal material from
a healthy subject into the intestine of a patient with a dis-
turbed gut microbiota, and has been shown to be a success-
ful treatment in Clostridioides difficile infection (CDI) [9]. The
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efficacy of FMT has also been studied in other diseases such
as ulcerative colitis (UC) [10–12], metabolic syndrome [13,14]
and irritable bowel syndrome (IBS) [15–17]. A recent casere-
port, in which one patient with active CC was treated with
repeated FMTs, suggested that FMT could have a beneficial
effect in CC [18]. Additionally, a study investigating the out-
come of FMT in patients with recurrent CDI and concurrent
inflammatory bowel disease (IBD) or MC found that most of
the patients with LC experienced normalised bowel habits
after the CDI was cleared by FMT (12 out of 15 patients) [19].

In this open-label pilot study, the effect of FMT on the
number and consistency of bowel movements in ten patients
with CC was assessed. Additionally, symptom scores, various
blood markers and the colonic lymphocyte profile were
assessed in order to address the possible mode of action
of FMT.

Materials and methods

The study was conducted according to the principles of the
Declaration of Helsinki and its revisions, and ethical approval
was obtained from the Central Ethical Review Board of
Uppsala, Sweden (registration number 2017/072). The trial was
registered at ClinicalTrials.gov (NCT03275467) on September 7,
2017. The study was performed at €Orebro University Hospital in
€Orebro, Sweden, from April 2018 to October 2019. Patients
were recruited in the greater area of €Orebro and asked to sign
an informed consent before participation.

Study design

In this pilot study, nine CC patients were repeatedly treated
with faecal microbiota material from two thoroughly
screened, healthy donors. The first FMT was administered
into the caecum by whole colonoscopy. During the colonos-
copy, four biopsies each from the ascending colon and the
right flexure were collected to confirm the CC diagnosis by
histopathology according to clinical routines (subepithelial
collagen layer �10 mm and lymphocyte infiltration). The
second and third FMT were administered by enema, at two
and at four weeks, respectively. At baseline and six weeks,
the patients underwent an endoscopy without bowel cleans-
ing during which biopsies were collected at a standard loca-
tion (midsection of descending colon). At the same time
points, blood samples were collected. Daily diaries, question-
naires and faecal samples were collected at every study visit.
Patients were followed up at eight weeks, 12 weeks and six
months, respectively. For an overview of the data and

samples collected in the study, see Table 1. Patients were
asked to keep their diet and medication stable during the
course of the study.

Subjects

MC Patients
Patients with a previous CC diagnosis that reported to have
an active disease, defined as more than three stools per day
of which at least one watery (self-reported, assessed by inter-
view two weeks before study start, stool diaries were not col-
lected before final inclusion), between 18 and 70 years of
age and with the willingness to stop budesonide treatment
before the start of the trial, were included. CC diagnosis was
confirmed later in the study by colonic biopsies taken during
the colonoscopy for the first FMT. Reasons for exclusion
were previous complicated gastrointestinal surgery, malig-
nant disease except for non-melanoma skin cancer, demen-
tia, severe depression, major psychiatric disorder or other
incapacity for adequate cooperation, CDI or other current
gastroenteritis, pregnancy or breastfeeding, severe endomet-
riosis, antimicrobial treatment four weeks prior to first
screening visit, antimicrobial prophylaxis, regular consump-
tion of probiotics four weeks prior to first screening visit,
recently diagnosed lactose intolerance (less than six months
prior to first screening visit), recently diagnosed coeliac dis-
ease (less than six months prior to first screening visit), regu-
lar intake of non-steroidal anti-inflammatory drugs (NSAIDs),
abuse of alcohol or drugs and any clinically significant dis-
ease/condition which in the investigator’s opinion could
interfere with the results of the trial. Patients were asked to
keep their diet stable during the study and completed a
food frequency questionnaire at the beginning and the end
of the study to monitor potential dietary changes.

Donors
Healthy subjects between 18 and 65 years of age were care-
fully screened before inclusion as potential donors. As butyr-
ate-producing bacteria seem to be reduced in MC patients
[6,7], we decided to include donors with a relatively high
amount of butyrate-producing bacteria in their faecal sam-
ples. In short, these bacteria were quantified by quantitative
real-time polymerase chain reaction (qPCR) detection of the
butyryl-CoA CoA transferase gene, which encodes the last
step of butyrate formation by gut bacteria [16,20]. Exclusion
criteria are shown in Table 2. Donors were asked to sign an
informed consent before participation. During the study, the
donors regularly underwent blood and stool tests and were

Table 1. Data and sample collection throughout the course of the study.

Assessment
-2 weeks 0 weeks 2 weeks 4 weeks 6 weeks 8 weeks 12 weeks 6 months
Baseline FMT 1 (colonoscopy) FMT 2 (enema) FMT 3 (enema) Follow-up 1 Follow-up 2 Follow-up 3 Follow-up 4

Daily diary and questionnaires xa xa x x x x x x
Adverse events reporting x x x x x x x
Blood collection x x
Colon mucosa biopsy sampling x xb x
Faecal sample collection xa xa x x x x x x
aThe average of both time points was used as the baseline value.
bDuring the colonoscopy for the first FMT, colonic biopsies were taken in order to confirm CC diagnosis.
FMT: faecal microbiota transfer.
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asked about their general health at every donation. The
donors were asked to keep their diet stable over the course
of the study. Both donors included were female and their
age at inclusion was 28 and 31 years. Four CC patients
received faecal material from donor A and five received

faecal material from donor B (Table 3). Each individual
patient received faecal material from only one donor.

FMT procedure

The selected donors provided their faecal material at the
study unit immediately after donation. Within two hours
after donation, the faecal material was processed and frozen
at �80 �C. The faecal material was covered with sterile saline
(0.9% NaCl, 150mL per 30 g) and carefully mixed manually in
order to avoid oxygen exposure. Before freezing, sterile
pharmaceutical grade glycerol was added to a final concen-
tration of 10%. The frozen stool preparations were carefully
thawed in a water bath at 37�C one hour before FMT. The
first FMT consisted of one aliquot (30 g in 150mL) adminis-
tered into the caecum by colonoscopy performed under con-
scious sedation using midazolam and alfentanil after bowel
cleansing. Two aliquots (in total 60 g in 300mL) each were
used for the second and third FMT and administered by
enema without prior bowel cleansing. The recipients were
asked to take 2mg loperamide before and after the FMT,
and an additional 2mg if needed, in order to minimise the
risk of losing the faecal material due to diarrhoea.

Adverse event assessment

Patients were asked to measure their body temperature and
report adverse events for seven days after each FMT using a
written form. Additionally, adverse events were reported to
the investigators at each study visit.

Primary outcome

The primary endpoint of this study was defined as the pro-
portion of MC patients in remission at six weeks. Remission
was defined as less than three stools per day and a mean of
less than one watery stool per day. The number and consist-
ency of the bowel movements were assessed by a daily diary
which is commonly used to diagnose and monitor MC [4,21].
The patients completed the daily diary approximately from
one week before the first endoscopy until twelve weeks and
for approximately two weeks before the six-month follow-up.

Table 2. Exclusion criteria of FMT donors.

1. Current communicable disease
2. Known organic gastrointestinal disease
3. Recent (gastrointestinal) infection (within the last 6months)
4. First degree relative with inflammatory bowel disease
5. First degree relative with cardiovascular thrombosis before 50 years of age
6. History of or present gastrointestinal malignancy or polyposis
7. History of major gastrointestinal surgery
8. Eosinophilic disorders of the gastrointestinal tract
9. Human immunodeficiency viruses (HIV), hepatitis A, B, C or known

exposure within the recent 12months
10. Malignant disease and/or intake of systemic anti-neoplastic agents
11. Psychiatric diseases or other incapacity for adequate cooperation
12. Chronic neurological/neurodegenerative diseases (e.g., Parkinson’s disease,

multiple sclerosis)
13. Metabolic syndrome
14. Obesity (BMI> 30)
15. Autoimmune disease and/or patients receiving immunosuppressive

medications
16. Major relevant allergies
17. Chronic pain syndromes
18. Chronic fatigue syndrome
19. Females who are pregnant or breastfeeding
20. Other chronic use of drugs that may affect the microbiome, e.g., proton

pump inhibitors
21. Antimicrobial treatment or prophylaxis within the last 3months
22. Abuse of alcohol or drugs
23. Tattoo or body piercing within the last 6months
24. Participation in high-risk sexual behaviours
25. Travelling in countries with low hygiene or high infection risk for endemic

diarrhoea within the last 6months
26. Positive stool testing for Clostridioides difficile, ova and parasites (e.g.,

Cyclospora, Isospora, Cryptosporidium), enteric pathogens (e.g.,
enterohaemorrhagic E. coli, Salmonella, Shigella, Yersinia, Campylobacter,
Giarda antigen, amoebas)

27. Positive stool testing for multiresistant bacteria (e.g., extended-spectrum
betalactamase (ESBL) producing organisms, vancomycin-resistant
enterococci (VRE) or methicillin-resistant Staphylococcus aureus (MRSA))

28. Calprotectin> 50 lg/g of faeces
29. Positive blood testing for HIV, hepatitis A, B, C, syphilis, human T-

lymphotropic virus (HTLV), cytomegalovirus (CMV) and Epstein Barr
virus (EBV)

30. Known clinically significant abnormal laboratory values
31. Any clinically significant disease/condition which in the investigator’s

opinion could interfere with the results of the trial

FMT: faecal microbiota transfer; BMI: body mass index.

Table 3. Overview of patient characteristics and study outcomes throughout the study.

Patient

Budesonide-free
days before start of

the studya
Clinical active

disease at baselineb

Histological
confirmation of
CC diagnosisc FMT donor

Clinical remission at
6 w/8 w/12 w/6 md

Responder at 6 w/8
w/12 w/6 me

A 42 Yes Yes A Yes/LF/LF/LF Yes/LF/LF/LF
B 64 Yes Yes A No/No/Bd/Bd No/No/Bd/Bd
C 23 Yes Yes A No/No /Bd/Bd No/No/Bd/Bd
D 77 Yes Yes B No/Yes/Yes/Yes No/Yes/Yes/Yes
E 27 Yes Yes B Yes/Yes/1/1 Yes/Yes/1/1
F 11 No Yes A Yes/Yes/1/Yes No/No/No/No
G 204 No Yes B Yes/Yes/Yes/Yes No/No/No/No
H 232 No Yes B Yes/Yes/Yes/Yes No/No/No/No
I 80 No Yes B Yes/Yes/Yes/Yes No/No/No/No
aPatients were asked to withdraw from budesonide before start of the study.
bClinical active disease was defined as more than three stools per day whereof at least one watery.
cHistopathological analysis of biopsies collected by whole colonoscopy during the first FMT.
dClinical remission was defined as less than three stools per day whereof less than one watery.
eResponder was defined as having active disease at baseline and being in remission after FMT.
LF: lost-to-follow up; Bd: started with budesonide treatment; 1: on average one watery stool per day instead of less than one watery stool per day; w: weeks;
m: months.
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Secondary and exploratory outcomes

The secondary outcomes of this study were changes in num-
ber and form of bowel movements, changes in questionnaire
scores as well as changes in lymphocyte infiltration, subepi-
thelial collagen layer and immune cell composition of colonic
biopsies. Exploratory outcome measures were changes in
inflammation markers in faecal samples. To carefully monitor
patients’ health, blood markers were assessed.

Questionnaires
Questionnaires assessing gastrointestinal symptoms and gen-
eral health were completed by the patients before and after
FMT. Gastrointestinal symptoms were assessed by the gastro-
intestinal symptom rating scale (GSRS). The GSRS includes 15
symptoms in five symptom clusters (diarrhoea, abdominal
pain, constipation, indigestion, reflux) and uses a 7-point
Likert scale in which ‘1’ represents no symptoms and ‘7’ very
severe symptoms [22–24]. The questionnaire is used for a
variety of chronic gastrointestinal diseases and has been
used for the assessment of MC previously [25]. The hospital
anxiety and depression scale (HADS) consists of 14 items div-
ided into two subscales for anxiety (seven items) and depres-
sion (seven items). Patients rate each item on a four-point
scale in which ‘0’ represents the most positive option and ‘3’
the most negative [26]. The short health scale (SHS) is a sim-
plified four-item questionnaire that addresses the four health
dimensions symptom burden, social function, disease-related
worry and general well-being. Patients rate each item on a
six-point scale in which ‘1’ represents the most positive
option and ‘6’ the most negative. No health-related quality
of life questionnaire is specifically addressed to MC patients
and validated in this patient group. The SHS questionnaire is
well validated in IBD [27–29] and also commonly used in MC
[21,30]. The EQ-5D-5L is a measure of health status that pro-
vides descriptive measures of the five dimensions mobility,
self-care, usual activities, pain/discomfort, anxiety/depression
as well as the health status [31]. In this study only the quan-
titative health status of the EQ-5D-5L was used for analysis
which consists of a VAS scale and an index value with which
the patients rate their current health status, with 100 being
the best health status possible. The average of both these
measurements was used for analysis.

Clinical blood markers
Blood was collected by experienced nurses according to hos-
pital routines at baseline and six weeks. The following blood
markers were measured according to clinical routines:
haemoglobin (Hb), erythrocyte mean corpuscular haemoglo-
bin (Erc-MCH), erythrocyte count, leukocyte count, platelet
count (all measured in whole blood), alanine transaminase
(ALT), aspartate transaminase (AST), albumin, creatine, creat-
ine kinase (CK) high sensitivity C-reactive protein (hsCRP), all
measured in Li-hep plasma, and estimated glomerular filtra-
tion rate (eGFR).

Faecal calprotectin
Faecal samples were collected by the patients at home at
every study visit (from baseline up to six months), immedi-
ately placed in their home freezer and delivered frozen to
the study unit at their next visit using cool transport contain-
ers (Sarstedt, Germany). At the study unit samples were
stored at �80�C until analysis. Before analysis, faecal samples
were transferred to CALEXVR Cap tubes (B€uhlmann
Laboratories AG, Switzerland). Analysis was performed on an
Advia 1800 instrument (Siemens Healthcare, Sweden) with
B€uhlmann fCALVR turbo reagents according to the manufac-
turer’s instructions. Method for analysis was a particle
enhanced turbidimetric immuno assay (PETIA), according to
clinical routines.

Histopathologic examination of colonic biopsies
Biopsies were collected at baseline and six weeks from an
uncleansed descending colon (midsection) and paraffin-
embedded for pathological examination according to clinical
routines. Colonic biopsies were used to assess collagen layer
thickness (hematoxylin and eosin staining) and intraepithelial
lymphocyte infiltration (antibodies used: mouse anti-human
CD8, clone C8/144B, and rabbit anti-human CD3, polyclonal,
both from Agilent/Dako, USA).

Flow cytometry analysis of colon mucosal lymphocytes
Biopsies were collected at baseline and six weeks from an
uncleansed descending colon (midsection) and immediately
transferred to PBS on ice. Colonic biopsies were used to iso-
late intraepithelial lymphocytes (IELs) and lamina propria
lymphocytes (LPLs) in order to characterise surface and intra-
cellular markers by flow cytometry as previously described
[32,33]. For a detailed method description, see
Supplementary Material.

Statistical analysis
Daily diary data. The number and consistency of stools was
assessed by daily diary. In order to perform a conservative
analysis, on days on which it was unclear if the patient had
no stools or missed to report the number, this was inter-
preted as ‘0’ before the first FMT and as missing data after
the first FMT. If the patient could not decide if the consist-
ency was watery or non-watery, it was interpreted as ‘0.5’ for
both consistencies. For analysis, the average number of total
stools, watery stools and non-watery stools between the
study visits was calculated. Data collected at the days of
study visits and bowel cleansing were excluded. Normal dis-
tribution of the data sets was tested with the Shapiro-Wilk
normality test, and statistical significance was calculated with
the non-parametric Friedman test with Dunn’s multiple com-
parison. All time points were compared to baseline. The aver-
age of the data collected two weeks before FMT and until
the first FMT was used as the baseline value. One patient
was lost to follow-up after attending the six-week visit. Two
patients resumed their budesonide treatment after attending
the eight-week visit; these values of patients using
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budesonide were excluded. The missing or excluded values
were imputed with the respective mean baseline values,
adopting a conservative approach.

Results are presented as median and interquartile range.
In this study, daily diary data showed that five patients had
an active disease at baseline while four were in remission.
We present their results as two separate entities; however,
sample size was not sufficient to perform separate statis-
tical analysis.

Questionnaire and faecal calprotectin data. All data was
compared to baseline using the non-parametric Friedman
test and post hoc Dunn’s multiple comparison test. Missing
or excluded values were imputed with the respective mean
baseline values as described for the daily diary data, and
tests were performed in the same way, adopting a conserva-
tive approach.

Blood markers, histopathologic assessment of colonic
biopsies and flow cytometry data. If normally distributed
(Shapiro-Wilk normality test), the paired t-test was performed
to test statistical significance, otherwise the Wilcoxon
matched-pairs signed rank test was used.

Results

Patient characteristics

Ten patients were included in the study (Table 3). All
patients were female and between 44 and 70 years of age. If
using budesonide before the start of the study, this was dis-
continued at least 11 days before the baseline visit. In nine
of the ten patients, the CC diagnosis was confirmed by histo-
pathology of the biopsies collected from the ascending colon
and right flexure during the whole colonoscopy for the first
FMT. In one patient, an earlier histology-based CC diagnosis
could not be confirmed, although the inclusion criteria

(based on symptoms assessed by interview) were fulfilled.
The results of this patient were excluded from the analyses.
Three of the nine remaining patients had co-morbid auto-
immune or chronic inflammatory disease. Table 4 shows the
concomitant medications of the patients which were kept
stable until after the 12-week visit. In addition, four patients
occasionally took loperamide and one patient occasionally
took simeticone (an anti-foaming agent) during the course of
the study. Three patients were current smokers, five patients
had smoked in the past and one patient had never smoked.
One patient was lost to follow-up after the six-week visit for
unknown reasons. Two patients started with budesonide
between eight and twelve weeks, both as they were not con-
tent with the effect of the FMT treatment. No dietary
changes were reported.

Adverse events

No serious adverse events were observed after the FMTs.
Table 5 shows the mild adverse events that were reported
by the patients up to seven days after each FMT. The
patients’ body temperature did not exceed 37.8�C in the first
seven days after each FMT. One of the patients experienced
an MC flare-up, which was presumably triggered by an upper
respiratory tract infection, as this patient experienced flare-
ups after upper respiratory tract infections several times in
the past, although an association to the FMT cannot be ruled
out. Abdominal discomfort and flare-ups could be related to
the FMT but could also be the course of the original disease.

Number of stools

The primary outcome of this study was defined as remission
(<3 stools per day of which <1 watery stool) at six weeks.
Six out of nine patients were in remission at six weeks, but
only five out of nine patients had an active disease (>3 total

Table 4. Concomitant medications (until 12weeks).

ATC code Class of drugs Number of patients

A02 Drugs for acid related disorders 4
A03 Drugs for functional gastrointestinal disorders 1a

A07 Antidiarrhoeals, intestinal anti-inflammatory and anti-infective agents 1þ 6a,b

A10 Drugs used in diabetes 3
A12 Mineral supplements 1
B01 Antithrombotic agents 2
B03 Antianemic preparations 2
C07 Beta blocking agents 1
C09 Agents acting on the renin-angiotensin system 2
C10 Lipid modifying agents 2
G04 Urologicals 1
H03 Thyroid therapy 1
N02 Analgesics 1
N05 Psycholeptics 1
N06 Psychoanaleptics 1
N07 Other nervous system drugs 1
R06 Antihistamines for systemic use 1
– Relevant food supplements

Fibres 1
Omega-3 1

ATC: Anatomical Therapeutic Chemical Classification.
aPatients occasionally took these medications during the course of the study.
bFour patients (patients A, D, F, G) occasionally took loperamide during the course of the study, two additional patients resumed
their initial budesonide treatment before the end of the study.
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stools of which at least one watery) according to the daily
diary collected at the baseline visit (Table 3). Two of these
patients that had an active disease at baseline (A and E)
achieved remission at six weeks and were defined as clinical
responders at six weeks. Patient A received the faecal mater-
ial from donor A, patient E received faecal material from
donor B (Table 3). A third patient (D) who had an active

disease at baseline was a responder at eight and twelve
weeks and six months and received faecal material from
donor B.

Overall, in all nine patients, number of stools at the primary
endpoint of six weeks was: Total stools: median 2.0, interquartile
range (IQR) 1.2 to 4.3 (baseline: 3.2, IQR 2.3 to 5.9); watery stools:
0.3, IQR 0.1 to 3.9 (baseline: 2.0, IQR 0.4 to 5.5); non-watery
stools: 1.0, IQR 0.4 to 1.7 (baseline: 1.2, IQR 0.2 to 1.8).

Table 5. Adverse events after FMT.

Adverse event
Up to 7 days after FMT 1

(colonoscopy)
Up to 7 days after FMT 2

(enema)
Up to 7 days after FMT 3

(enema)

Elevated temperature (>37.5< 38.5�C) 1 (0) 1 (1) 2 (2)
Abdominal discomfort 5 (5) 6 (6) 3 (3)
Dizziness 1 (1) 0 (0) 1 (1)
Fatigue 1 (1) 2 (2) 1 (1)
Arthralgia 0 (0) 1 (1) 0 (0)
Vasovagal reaction 0 (0) 1 (0) 0 (0)
Upper respiratory tract infection 0 (0) 1 (0) 1 (0)
Inflammation of insulin pump 1 (0) 0 (0) 0 (0)
Flare-up 0 (0) 0 (0) 1 (1)

FMT: faecal microbiota transfer.
The number of all patients experiencing adverse events is reported, the number of those patients whose adverse event were possibly or probably related to
FMT is shown in brackets.
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Figure 1. Number of stools after FMT. a–c Number of stools per day of patients with active disease at baseline. d–f Number of stools per day of patients in remis-
sion at baseline. These patients were in remission also after FMT. The missing/excluded values of some patients during the later time points were replaced with
the individual baseline values when performing the statistical tests. No statistically significant differences were found. Open symbols show clinical responders,
dashed lines show patients who were already in remission at baseline.
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Adopting a conservative analysis approach (missing or
excluded values were imputed with the respective mean
baseline values), no statistically significant differences were
observed in the number of stools (total, watery and non-
watery) at any time point compared to baseline (Figure 1).

General health and symptom questionnaires

The effect of FMT on gastrointestinal and psychological
symptoms as well as general health and quality of life was
evaluated by self-assessed questionnaires.
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Figure 2. Gastrointestinal symptom rating scale scores before and after FMT. � indicates p< .05, �� indicates p< .01 compared to baseline when adopting a con-
servative approach. The missing/excluded values of some patients during the later time points were replaced with the individual baseline values when performing
the statistical tests. Open symbols show clinical responders, dashed lines show patients who were already in remission at baseline.
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Gastrointestinal symptom rating scale (GSRS)
The total GSRS score was significantly reduced at eight
weeks (median 2.1, IQR 1.2 to 3.7, p¼ .020) and 12 weeks
(1.8, IQR 1.1 to 3.4, p¼ .014) compared to baseline (3.2, IQR
2.7 to 3.8) when adopting a conservative analysis approach
(Figure 2).

The patients rated significantly lower on the diarrhoea
subscore at four weeks (3.3, IQR 1.0 to 4.5, p¼ .038) and
eight weeks (3.3, IQR 1.0 to 4.5, p¼ .038) compared to before
the FMT (4.3, IQR 3.9 to 6.1). The ratings for the indigestion
subscore decreased significantly at eight weeks (2.8, IQR 1.4
to 4.2, p¼ .045) and twelve weeks (2.0, IQR 1.4 to 3.5,
p¼ .006) compared to baseline (3.9, IQR 3.0 to 5.0). The con-
stipation, the abdominal pain and the reflux subscores did
not differ significantly over the course of the study.

Hospital anxiety and depression score (HADS)
No statistically significant differences were observed in the
HADS anxiety or depression score at any time point com-
pared to baseline (Figure 3).

Short health scale (SHS)
The SHS showed that patients had significantly less disease-
related worries at four weeks (median 2.0, IQR 1.0 to 2.5,
p¼ .027) and eight weeks (1.0, IQR 1.0 to 2.5, p¼ .027) com-
pared to baseline (2.5, IQR 2.3 to 3.8) (Table 6). The SHS sub-
scores ‘symptom burden’, ‘social function’ and ‘general well-
being’ were not significantly affected by FMT.

EQ-5D-5L
The patient’s quality of life, assessed by EQ-5D-5L VAS scale
and index value, was significantly improved at six months
(85.0, IQR 57.5 to 95.5, p¼ .009) compared to baseline (67.5,
IQR 51.3 to 77.5) (Figure 4).

Systemic effect of FMT

In order to carefully monitor the patients’ health, several
blood markers were assessed. No statistically significant
changes were found between baseline and six weeks in the
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Figure 3. Hospital anxiety and depression scale scores before and after FMT. No statistically significant differences were found. The missing/excluded values of
some patients during the later time points were replaced with the individual baseline values when performing the statistical tests. Open symbols show the clinical
responders, dashed lines show patients who were already in remission at baseline.

Table 6. Short health scale questionnaire before and after FMT.

SHS subscore Baseline 2 weeks 4 weeks 6 weeks 8 weeks 12 weeks 6 months

Symptom burden 3.5 (3.3–4.8) 2.0 (1.5–4.0) 2.0 (2.0–4.5) 2.0 (2.0–5.5) 2.0 (2.0–4.8) 2.0 (2.0–4.3) 2.0 (1.5–4.3)
Social function 4.0 (2.8–5.5) 3.0 (1.0–5.0) 3.0 (1.0–4.0) 1.0 (1.0–5.5) 1.0 (1.0–5.3) 2.0 (1.0–5.0) 2.0 (1.0–5.3)
Disease-related worries 2.5 (2.3–3.8) 2.0 (1.5–3.5) 2.0a (1.0–2.5) 2.0 (1.0–3.5) 1.0a (1.0–2.5) 1.0 (1.0–2.8) 1.0 (1.0–3.3)
General well-being 3.0 (2.3–4.0) 2.0 (1.5–4.0) 2.0 (2.0–4.0) 3.0 (1.5–4.0) 2.0 (2.0–4.0) 2.0 (2.0–4.0) 2.0 (1.5–4.0)

Median and IQR are presented. The missing/excluded values of some patients during the later time points were replaced with the individual baseline values
prior to calculation of median and IQR and the statistical testing.
ap< .05 compared to baseline.
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Figure 4. EQ-5D-5L scores before and after FMT. �� indicates p< .01 compared to
baseline when adopting a conservative approach. The missing/excluded values of
some patients during the later time points were replaced with the individual base-
line values when performing the statistical tests. Open symbols show the clinical res-
ponders, dashed lines show patients who were already in remission at baseline.
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blood markers (Supplementary Table 1). The values for
haemoglobin, erythrocyte count, leukocyte count, platelet
count and erythrocyte mean corpuscular haemoglobin of
two patients were missing at baseline due to technical rea-
sons. Additionally, the value for high sensitivity C-reactive
protein was missing for one patient at six weeks.

Effect of FMT on faecal calprotectin

To investigate potential modes of action, the effect of FMT
on gastrointestinal inflammation was determined based on
faecal (F) calprotectin levels. No statistically significant differ-
ences were found in F-calprotectin concentrations at any
time point compared to baseline (Supplementary Table 2).
Median F-calprotectin concentrations were in general quite
stable, while individual F-calprotectin concentrations showed
variations during the course of the study.

Effect of FMT on collagen layer thickness and
intraepithelial lymphocyte infiltration

Microscopic characteristics of CC are a thickened subepithelial
collagen layer and lymphocyte infiltration. The effect of FMT on

collagen layer and intraepithelial lymphocytes (IELs) was
assessed in distal colonic biopsies (descending colon, midsec-
tion) by immunohistochemistry. The collagen layer was slightly
thicker at six weeks (median 24.0mm, IQR 11.5 to 29.5mm,
p¼ .054) compared to baseline (10.5mm, IQR 7.3 to 25.9mm)
(Figure 5(a)). No statistically significant changes were found
between baseline and six weeks in IEL numbers (Figure 5(b)).

Local effect of FMT on the immune system

The effect of FMT on colon mucosal T cells was assessed by
flow cytometry after isolation of intraepithelial lymphocytes
(IELs) and lamina propria lymphocytes (LPLs). Isolation of IELs
from one patient’s colonic biopsies failed due to technical
reasons. Cells of ten colonic biopsies were manually counted
using a B€urker counting chamber under the microscope after
isolation. No significant differences were found between IEL
cell numbers at baseline and six weeks (Figure 6(a)). LPL cell
counts were significantly increased at six weeks (baseline:
6.7� 106, IQR 5.8� 106 to 1.2� 107; six weeks: 1.3� 107, IQR
8.7� 106 to 1.9� 107, p¼ .034, Figure 6(b)). Next, the cells
were characterised using flow cytometry. No significant dif-
ferences in surface markers were found between baseline
and six weeks in neither the IELs (Supplementary Figure 1)
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Figure 5. Maximal collagen layer thickness (a) and number of intraepithelial lymphocytes (IELs) (b) in distal colonic biopsies at baseline and six weeks. Open sym-
bols show the clinical responders, dashed lines show patients who were already in remission at baseline.
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nor the LPLs (Supplementary Figure 2). The surface and intra-
cellular markers of the clinical responders did not show a dis-
tinctive pattern.

Discussion

Exchanging the gut microbiota by FMT is a potential treat-
ment for disorders with a suggested microbial dysbiosis. This
is the first pilot study describing the effect of FMT on CC in
multiple patients. Repeated FMTs resulted in clinical remis-
sion and reduced number of watery stools in a subset of
patients, while it had no effect in others. No serious adverse
events were observed, and blood markers showed no sub-
stantial systemic effects of FMT. However, one patient experi-
enced a flare-up during the study and although an
association to the FMT cannot be ruled out, it could also be
related to the original MC disease. Faecal calprotectin was
not affected. The number of LPLs in colon biopsies was sig-
nificantly increased after repeated FMTs, indicating a locally
occurring immune response. However, flow cytometry ana-
lysis did not reveal that FMT resulted in more active or prolif-
erating lamina propria T cells, and IELs were not affected.

This pilot study primarily aimed at investigating the effect
of repeated FMTs on symptoms of patients with CC. Overall,
no significant decrease in diarrhoea was observed at six
weeks, both according to the daily diary and the GSRS; how-
ever, GSRS diarrhoea symptom scores decreased significantly
at four and eight weeks. A limitation of this study was the
low number of patients with active disease at baseline,
which made it difficult to assess improvements due to FMT.
Four of the patients that were in remission at six weeks did
not have an active disease at baseline (based on number
and consistency of stools assessed by daily diary), even
though they had reported to have more than three stools a
day at the screening visit and had previously been diag-
nosed with CC. This could be due to the fluctuating charac-
ter of the disease, with flare-up and remission periods
succeeding each other. Other reasons could be the unpre-
dictable disease state after ending budesonide treatment,
reporting bias, or a placebo effect due to the patients’ antici-
pation of receiving a potential beneficial treatment.

Out of the five patients that had an active disease at
baseline, two were in remission at six weeks. They were
defined as responders based on their number of stools at
baseline (>3 total stools of which at least 1 watery) and six
weeks (<3 total stools of which <1 watery). One of the res-
ponders was lost to follow-up after the six-week visit due to
unknown reasons, while the other one was still in remission
at six months. One additional patient with an active disease
at baseline achieved remission at eight weeks, which was
maintained until the six-month visit.

FMT treatment led to clinically relevant symptom
improvement in a subset of CC patients, especially in the res-
ponders. In our study, for all nine patients, GSRS ratings
improved from mild or moderate discomfort to minor dis-
comfort whenever significant, showing a clinically relevant
improvement. In the future, an identification of the patients

who benefit the most from FMT could provide a lead to per-
sonalised treatment modalities.

Even though it is still unknown what defines a successful
donor, possible donor dependence in FMT studies has been
reported previously [10,11,34,35]. In our study, two patients
resumed budesonide treatment between eight and 12 weeks
as they were not satisfied with the effect of the FMT. These
two patients received faecal material from donor A (Table 3).
Also, the responder that was lost to follow-up after six weeks
received faecal material from the same donor (donor A). The
other two responders (one at six weeks and one at eight
weeks) received faecal material from donor B. This could
indicate that the effectiveness of FMT might differ depending
on the donor, even though our sample size was too small to
draw definite conclusions (two donors for four or five
patients each). Future analysis of the microbiome of this
patient cohort could give more information about donor-
recipient compatibility.

In the present study, three repeated FMTs were adminis-
tered with two weeks in between. The first FMT was adminis-
tered into the caecum by whole colonoscopy. The second
and third FMT were administered by enema. The enemas did
not require prior bowel cleansing, avoiding removal of the
new microbiota that potentially colonised after the first FMT.
We have chosen to administer the FMTs via the lower gastro-
intestinal route as this has been shown to be more efficient
than the upper gastrointestinal route in UC [36].

Even though there is no evidence that repeated FMTs
increase efficacy, it is commonly used in UC. In addition,
optimal time points for repeated FMTs are still unknown. In
UC, Moayyedi et al. used weekly FMTs for six weeks [10],
while Paramsothy et al. used repeated FMTs several times
per week for eight weeks [11] and Rossen et al. applied two
FMTs with three weeks in between [12]. As a compromise, in
this pilot study, we decided to apply a two-week interval for
administration of the FMTs. Additionally, repeated FMTs have
been shown to be effective for one CC patient in a recent
case report [18].

To assess the effect of FMT on the microscopic character-
istics of CC, distal colonic biopsies from the midsection of
the descending colon were collected at baseline and six
weeks. These could be obtained without prior bowel cleans-
ing, which would have affected the newly introduced micro-
biota. Surprisingly, an increase, albeit non-significant, in
collagen layer thickness was found in these biopsies at six
weeks, also in the responders.

Even if the role of a thickened subepithelial collagen layer
in CC is not completely understood, it has been suggested
to contribute to diarrhoea symptoms by, for example, reduc-
ing the absorptive capacity of the epithelium [37]. However,
this did not seem to be the case in our patient group. In
addition, the pattern of CC can vary throughout the large
intestine, and the collagen layer thickness in distal parts of
the colon is probably not representative for the more prox-
imal parts [2].

We hypothesise that the increase in the number of LPLs
indicates that the host mucosa reacted to the introduction of
a new microbial ecosystem with a stimulation of the local
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immune response. This is in line with a recent study in IBS
patients, where FMT resulted in local activation of immune-
related gene sets of the host mucosa in addition to symptom
improvement [16,38].

Although four patients occasionally used loperamide dur-
ing the course of the study, we do not believe that this influ-
enced the results. Primary and secondary outcome
parameters were assessed over longer periods of time (e.g.,
questionnaires assessed effects over several weeks) rather
than at single time points, whereas loperamide intake
occurred only on single days and its effect is short-term
only [39].

One patient experienced a flare-up of their MC during the
course of the study which could be related to the FMT, but
could also originate from their MC disease. This flare-up was
close to the time of sampling at six weeks where this patient
had a slightly thickened collagen layer. However, the thick-
ened collagen layer does not need to be a sign of the flare-
up, as also the responders to the FMT treatment had an
increased collagen layer at six weeks. For this patient also
numbers of IELs and LPLs and F-calprotectin concentrations
were altered at some of the time points investigated.
However, especially the F-calprotectin concentrations varied
rather a lot for most of the patients during the course of the
study. Flare-ups have been reported previously for FMT in
UC [40,41].

To assess possible modes of action of FMT on MC, flow
cytometry analysis was applied to assess the effect of FMT
on mucosal immune cell composition in detail. A recently
published case report, showing that repeated FMTs resulted
in remission of CC in one female patient, also investigated
the immunomodulatory effect of FMT by flow cytometry ana-
lysis of colonic IELs and LPLs [18]. After the second FMT, a
decreased proportion of intraepithelial cytotoxic T cells
(CD3þCD8þ), decreased proportions of lamina propria acti-
vated/memory T-helper (CD4þCD45ROþ) and cytotoxic T cells
(CD8þCD45ROþ), as well as increased lamina propria regula-
tory T cells (CD4þFoxP3þ) were found. Most of these cells
were not notably changed after repeated FMTs in our study,
however, lamina propria regulatory T cells (CD4þFoxP3þ)
were also slightly increased in seven of our patients, includ-
ing the responders, but this did not reach significance [32].
Overall, no large impact of FMT on the mucosal T cell com-
position was found using flow cytometry analysis. It could be
that the effect of FMT is mediated by other immune cells, or
that a different mode of action plays a role, such as
improved intestinal barrier function [37].

In conclusion, this is the first pilot study to show that
repeated FMT is able to improve symptoms in a subgroup of
CC patients. Response rates were similar to recent studies
investigating FMT in UC (36% of UC patients with active dis-
ease obtained clinical remission according to a recent meta-
analysis [42]). FMT was shown to be safe in CC patients and
did not result in systemic inflammation or other major
adverse events, although one patient experienced a flare-up
during the course of the study which could be related to the
FMT but also to the original disease. FMT resulted in a sig-
nificantly increased number of LPLs which could give

possible insights into the mode of action by initial activation
of the local immune system preceeding clinical improve-
ment. Limitations of this pilot study were a low number of
patients with active disease at baseline and a rather short
follow-up period. Nevertheless, this study provides important
information for the design of future clinical trials in MC.
Stricter inclusion based on, for example, daily registration of
stool patterns, could help to include more patients with
active disease. Future trials should of course include a con-
trol group. This is especially important in FMT studies, as
bowel cleansing and re-infusion of the patient’s own micro-
biota were shown to affect symptoms as well as the gut
microbiota in both UC and IBS [12,16]. In addition, the pla-
cebo effect in MC patients is around 15–30% [4,43]. Also, the
role of different routes of administration, such as via the
upper or lower gastrointestinal tract, should be investigated.
It is also of interest to assess whether patients with LC, the
other subtype of MC, could benefit from FMT. In addition,
future studies, including analysis of patients’ and donors’ gut
microbiome, are needed to further investigate possible
modes of action of FMT and identify MC patients who are
most likely to benefit from FMT, further developing personal-
ised FMT treatments.
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