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Engraftment of strictly anaerobic oxygen-sensitive bacteria in irritable bowel 
syndrome patients following fecal microbiota transplantation does not improve 
symptoms
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ABSTRACT
Dysbiosis of the gut microbiome has been correlated with irritable bowel syndrome (IBS). Fecal 
microbiota transplantation (FMT) is being explored as a therapeutic option. Little is known of the 
mechanisms of engraftment of microbes following FMT and whether the engraftment of certain 
microbes correlate with clinical improvement in IBS. Microbiome data, from a previously reported 
placebo-controlled trial of treatment of IBS with FMT or placebo capsules, were used to investigate 
microbial engraftment 15 days, 1, 3 and 6 months after treatment through assessment of gains, 
losses and changes in abundance of amplicon sequence variants (ASVs) and microbial diversity 
(CHAO-1 richness) between the FMT group and the placebo group. These data were compared to 
changes in IBS Symptom Severity Scores (IBS-SSS). Twelve days of treatment with 25 daily multi- 
donor FMT capsules induced significant short- and long-term changes in the recipients’ micro-
biomes for at least 6 months, with persistent engraftment of a variety of anaerobic bacteria from 
keystone genera, such as Faecalibacterium, Prevotella and Bacteroides and increased microbial 
diversity, particularly in patients with low initial diversity. FMT recipients lost ASVs after treatment, 
which was seen to a much lesser extent in the placebo group. No ASVs increased to a greater extent 
between FMT responders and non-responders following treatment. Major long-term changes, 
lasting for at least 6 months, in the gut microbiomes of IBS patients are seen following treatment 
with FMT capsules. None of these changes correlated with clinical improvement. The relationship 
between the microbiome and the etiology of IBS still remains unsolved.
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Introduction

Research in recent years, driven by improved methods 
of culture-independent microbial community analy-
sis, has revealed that the gut microbiome is an impor-
tant element of human health and well-being.1 It plays 
important roles in modulating the immune system, 
digesting food, hormone regulation, and pathogen 
exclusion.2 An altered gut microbiome, often referred 
to as gut dysbiosis, has been reported to be correlated 
with a wide variety of conditions including gut dis-
eases such as irritable bowel syndrome (IBS), 
Inflammatory Bowel Diseases (IBD)and recurrent 
Clostridioides difficile infection (rCDI), but also in 
non-gastrointestinal diseases such as obesity, type 2 
diabetes and mental disorders.3–8

Modulating the gut microbiome is thus seen as an 
important tool to improve human health (e.g. to cure 
a disease). Fecal microbiota transplantation (FMT) is 
one strategy to actively modulate the gut micro-
biome. It aims to introduce a balanced conglomerate 
of microorganisms (bacteria, viruses, fungi, parasites 
and archaea) from a healthy fecal donor into 
a patient, potentially treating the disease proposedly 
caused by a gut dysbiosis.

Although FMT is very effective in treating rCDI, 
where it is superior to antibiotics,9 FMT has 
demonstrated inconsistent outcomes when used to 
treat other dysbiosis-related conditions and is so far 
not a recommended intervention for any disease 
other than rCDI.10
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IBS is characterized by recurrent abdominal pain 
and further symptoms, such as altered stool fre-
quency, diarrhea, bloating or constipation, and it 
affects 10–15% of the global population.11,12 The 
etiology behind IBS is not fully understood, but 
low-grade intestinal inflammation caused by an 
altered gut microbiota has been correlated with 
IBS.3,13 The fact that there is a considerable risk of 
developing IBS following an episode of infectious 
gastroenteritis also implicates a correlation with the 
gut microbiome.14 The gut microbiome of patients 
with IBS is characterized by lower microbial diver-
sity and changed abundances of certain bacteria 
compared to healthy controls. However, not all 
studies report these correlations and the differences 
in abundances of bacteria vary between study 
populations.15,16 Whether these changes are 
a cause or a consequence of the disease is still not 
fully understood, highlighting a major knowledge 
gap in the relationship between the gut microbiome 
and IBS.

Consequently, it has been proposed that FMT 
from healthy donors could alter the dysbiotic 
microbiota of IBS patients toward a “normal” 
eubiotic state. Different studies investigating the 
treatment of IBS using FMT have shown divergent 
results in placebo-controlled randomized clinical 
trials (RCTs).17–20

The dataset used in this work comes from 
a previously published RCT testing 12 days of 
daily multi-donor FMT or placebo (1:1 ratio) 
capsules preceded by a bowel cleansing in 52 
IBS patients.21 The previous publication focused 
on the clinical effects of the treatment. The 
patients experienced improved symptoms mea-
sured by the irritable bowel syndrome symptom 
severity score (IBS-SSS) following treatment 
both in the FMT and placebo groups. 
Surprisingly, this improvement was strongest in 
the placebo-group at the primary endpoint after 
3 months. Microbiome changes were addressed 
in broad terms, reporting that fecal microbial 
biodiversity increased and the microbiomes 
became more similar to the donors after treat-
ment in the patients receiving FMT capsules.

This work aims to thoroughly address the 
dynamics of engraftment at various time-points 
following FMT treatment and whether the changes 
were correlated with clinical effects. This was done 

through re-analysis of the sequencing reads using 
a more recent approach of denoising reads into 
amplicon sequence variants (ASVs)22 and by asses-
sing engraftment at four different time-points 
(namely 2 weeks, 1 month, 3 months and 6 months) 
following treatment. To address whether micro-
biome changes were correlated with clinical effects, 
we analyzed whether patients who exhibited 
a clinical response (responders) and those who 
did not (non-responders) experienced different 
changes following FMT.

Results

Fecal samples were collected at five different time-
points (baseline, 15 days, 1, 3 and 6 months) from 
the 52 included patients. Following amplicon 
sequencing of the patients’ 216 available samples, 
and the donors’ 4 samples, a total of 7,279,663 
sequencing reads were denoised into 2165 ASVs. 
A minimum of 6,483 to a maximum of 113,847 
reads per sample were assigned to ASVs. These 
ASVs were assigned to 14 phyla, 27 classes, 34 
orders, 51 families, 103 genera, and 186 species. 
Clinical symptoms were assessed through IBS-SSS23 

and response was defined as a decrease ≥50 in IBS- 
SSS after 3 months compared to baseline. There was 
no difference in clinical symptoms or microbiome 
diversity between FMT and placebo responders and 
non-responders at baseline (Table 1).

The majority of patients were categorized with 
severe disease at baseline based on IBS-SSS of 75 to 
175, 175 to 300 and > 300, respectively, indicating 
mild, moderate and severe cases of disease (Table 
2).23 As reported in the primary publication present-
ing the clinical data from this trial, the patients in 
the placebo group improved the most at the primary 
endpoint after 3 months.21 Further indicating that 
the FMT treatment did not improve the symptoms 
of the patients as much as the placebo treatment is 
the fact that still almost half the patients in the FMT 
group (47.6%) reported severe symptoms after 3 
months compared to 29.1% in the placebo group.

FMT treatment increased fecal microbiome diversity 
both short- and long-term

In the FMT-treated patients, diversity (CHAO1- 
richness)24 was seen to significantly increase, 
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relative to baseline, at all following time-points 
including the last follow-up after 6 months 
(Figure 1). The increases in diversity relative to 
baseline were significant in the FMT group, when 
compared to the placebo group, at all time-points 
(Supplementary file, Table S1a and S1b).

There were no significant differences between 
the changes in diversity between responders and 
non-responders at any time-point in the FMT- 
treated patients. Neither were the changes in 
diversity from baseline significantly different 
between the placebo responders and the placebo 
non-responders (0.12 ≤ p≤ 0.61). Changes in 
diversity did not significantly correlate with 
changes in IBS-SSS, according to Spearman- 
rank correlations (according to the criteria: 
p≤ 0.05, R2 ≥ 0.15) at any timepoint whether 

looking at all patients combined or within the 
patient groups (FMT responders, FMT non- 
responders, placebo responders or placebo non- 
responders) (Supplementary file, Figure S1a and 
S1b). This held true using Chao1-richness and 
two other measures of diversity, namely effective 
Shannon diversity and effective Simpson 
diversity.25,26

Microbial diversity increased the most in patients 
with low baseline diversity

Patients were classed as having low- or normal 
initial diversity based on their baseline diversi-
ties (see methods section). As a result of these 
definitions, ten FMT patients were classified as 
having normal initial diversity and seven were 
classified as having low initial diversity. In the 
placebo group, the numbers of patients assigned 
to the normal and low initial diversity groups 
were 13 and 4, respectively. Four FMT and 
seven placebo patients were unclassified, falling 
between the two cutoffs. FMT patients with low 
initial diversity and FMT patients with normal 
initial diversity experienced increases in diver-
sity at all time-points (Figure 2). The changes 
in diversity from baseline were, on average, 
greater at all time-points in the FMT group 
with low initial diversity compared to the 
group with normal initial diversity. These 
changes between the FMT groups with low 
and normal diversity at baseline were statisti-
cally significant after 3 and 6 months (p= .009 
and 0.002, respectively). In the placebo groups, 
the average changes in diversity were always 
positive for those patients with low initial 
diversities and negative for those with normal 

Table 1. Baseline characteristics of FMT and Placebo responders and non-responders.

FMT responders 
(n = 8)

FMT non- 
responders 
(n = 13) P-value

Placebo responders 
(n = 19)

Placebo non-responders 
(n = 5) P-value

Age median (range) 38.5 (19–55) 35.5 (22–57) 1.000 33 (21–50) 38 (18–55) 0.618
Sex F/M 6/2 9/4 12/7 4/1
IBS-M/IBS-D/IBS-C 4/3/1 5/3/5 6/6/7 2/2/1
IBS-SSS median (range) 370.5 (211–477) 396 (171–480) 0.971 350 (239–485) 349 (205–375) 0.177
Fecal alpha diversity (CHAO-1-richness) 

mean (SD)
585 (95) 529 (135) 0.321 594 (113) 559 (121) 0.544

FMT, Fecal Microbiota Transplantation; F, Female; M, Male; IBS-M/IBS-D/IBS-C, Irritable bowel syndrome mixed/diarrhea/constipation.

Table 2. Severity of IBS at various timepoints following 
treatment.

FMT (N = 21) Placebo (N = 24)

Baseline: 
Remission 
Mild 
Moderate 
Severe

0 
0 
7 

14

0 
0 
5 

19
One month: 
Remission 
Mild 
Moderate 
Severe

0 
6 
6 
9

1 
9 
7 
7

Three months: 
Remission 
Mild 
Moderate 
Severe

1 
4 
6 

10

0 
13 
4 
7

Six months: 
Remission 
Mild 
Moderate 
Severe

1 
3 
5 

12

2 
6 
9 
7

Severity of Irritable Bowel Syndrome based on Irritable Bowel Syndrome 
Symptom Severity Scores (IBS-SSS). Less than 75 indicates remission, 75 to 
175 indicates mild disease, 175 to 300 indicates moderate disease and 
more 300 indicates severe disease. IBS, Irritable Bowel Syndrome; FMT, 
Fecal Microbiota Transplantation.
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initial diversities without these changes from 
baseline being significant.

FMT-treated patients’ microbiota became 
more similar to the donors’, both short- and 
long-term

To evaluate time-dependency of engraftment, we 
analyzed the generalized unifrac distances (β- 
diversity) of the patients to the donors, which 
became significantly smaller for the FMT respon-
ders after 3 and 6 months, and for the FMT non- 
responders at all time-points (Supplementary file, 
Table S2). The placebo responders were signifi-
cantly more dissimilar to the donors after 15 days, 
1 month and 3 months, but not after 6 months. The 

placebo non-responders did not change signifi-
cantly in generalized unifrac distances to the 
donors.

FMT altered abundances of certain ASVs among 
diverse types of bacteria

Comparing ASV abundances between patient 
groups at different time-points revealed that FMT 
treatment drove statistically significant changes in 
ASV abundances, while no systemic changes in 
ASV abundances were associated with clinical 
response versus non-response (Supplementary file, 
Table S3). At baseline, no differences were observed 
between any patient groups. Following treatment, 
at all time-points there were between 66 and 106 

Figure 1. Change in fecal microbial diversity after FMT and Placebo treatment. Alpha diversity (Chao1) is shown for the donors and 
treatment groups at baseline and at all post-treatment time-points. Asterisks indicate significant difference from baseline within each 
treatment group (p < .05). Horizontal lines indicate medians, boxes indicate interquartile ranges and whiskers indicate ranges. FMT, 
Fecal Microbiota Transplantation.
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ASVs with altered abundance between the FMT 
group and the placebo group, and between 60 and 
74 ASVs different between the FMT responders and 
the placebo responders. No ASVs were differently 
abundant between the FMT non-responders and 
the placebo non-responders probably due to the 
low statistical power stemming from there being 
only five placebo non-responders. Comparing clin-
ical responders with non-responders revealed no 
significant ASV abundance differences regardless 
of whether we look at these groups overall or 

broken down into respective FMT and placebo 
groups. Where ASV abundance differences 
occurred between groups, the ASVs were predomi-
nantly differently abundant at more than one but 
not at all time-points (Supplementary file, 
Figure S2).

The changes in abundances were distributed 
among taxonomically distant ASVs (Figure 3). 
Among the eight groups (two treatment compari-
sons at four time-points) showing changes in ASV 
abundances, ASVs from between 4 and 7 phyla, 9 

Figure 2. Change in diversity in patients with initial low and normal diversities. Grey lines represent individual patients and black lines 
represent average diversity of each group; FMT, Fecal Microbiota Transplantation.
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and 13 orders, and 21 and 26 genera were increased 
per group, while ASVs from up to 2 phyla, 2 orders 
and 8 genera decreased in abundances per group. 
The genera represented among the ASVs increasing 
in abundance in the FMT group relative to the 
placebo group include Faecalibacterium, 
Bacteroides, Prevotella and Lactobacillus.

There were no correlations between the abun-
dances of any ASV and symptoms assessed through 
IBS-SSS according to Benjamini–Hochberg cor-
rected Pearson correlation tests (data not 
shown) (p> .05).

FMT induces both significant engraftment and loss 
of bacteria

The application of criteria to account for sequen-
cing depth disparities (Supplementary file, Figure 
S3) and natural ASV abundance fluctuations when 
assessing gains and losses of ASVs following treat-
ment (see methods section) indicated that the FMT 
patients gained and lost significantly more ASVs 
than the placebo patients (p< .05). These gains and 
losses of ASVs are on a per patient basis, which is in 
contrast to the systemic changes in ASV abun-
dances examined in the section above. The FMT 

Figure 3. Phylum and genus of bacteria with increased/decreased relative abundance after FMT. The colored areas indicate the 
proportion of ASVs, among the total number of ASVs either detected (Total ASVs), increased in abundance in FMT patients, or 
decreased in abundance in FMT patients, assigned to the phyla or genus indicated below. The increase and decrease columns are 
based on all post-baseline samples from the FMT-treated patients, when compared to placebo treated patients.
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patients gained a median of 81 ASVs and lost 
a median of 38 ASVs, which were both significantly 
more than the respective median figures of 11 gains 
and 5 losses for the placebo group (Supplementary 
file 2). When comparing the FMT responders with 
the FMT non-responders, there was no significant 
difference in gains (both medians being 81 ASVs 
gained, p= .96) while there was a significant differ-
ence between the loss rates (44 (FMT responders) 
vs 25 (FMT non-responders), p= .01). There were 
no significant differences observed in the gain or 
loss rates between the placebo responders and the 
placebo non-responders (p= .83 and p= .94, 
respectively).

Among the 20 FMT patients (from whom suffi-
cient data were available), one specific ASV was 
gained by 12 different patients and another by 11 
different patients (Supplementary file 2). Both were 
assigned to the species Phascolarctobacterium succi-
natutens. Gain rates in the FMT group were signifi-
cantly above the background levels seen in the placebo 
group for some keystone human gut microbiome 
genera, such as, Bacteroides, Prevotella and 
Faecalibacterium (Table 3). The highest number of 
patients from whom any particular ASV was lost 
following treatment was the same, at six patients, for 
both the FMT and placebo patients (Supplementary 
file, Figure S4). However, there were 40 ASVs lost 
from three or more FMT patients while only 10 
ASVs were lost from three or more placebo patients. 
Loss rates were above background (placebo group) in 
the FMT patients for the Bacteroides genus, but not 
for Prevotella nor Faecalibacterium.

The FMT patients had considerable individuality 
in their gain and loss profiles (Figure 4). The gains 

and losses of ASVs followed significantly different 
trends within the FMT group compared to within 
the placebo group (Supplementary file, Figure S5) 
(p< .001). There was no significant difference 
between FMT responders and FMT non- 
responders (p= .15). No single ASV was gained or 
lost predominantly in the FMT responders or FMT 
non-responders.

Bacteria derived from the donors were found in the 
FMT patients after treatment

Another approach to examine the engraftment of 
donor microbes in patients was to use software 
implementing a Bayesian algorithm27 which esti-
mates the proportions of a patient’s post-treatment 
microbiota that can be attributed to coming from 
either their pre-treatment microbiota or from the 
donors’ microbiota. This approach showed that 
higher proportions of the FMT patients’ (58–68%) 
than the placebo patients’ (25–36%) (p≤ 0.05) post- 
treatment microbiota were inferred to have come 
from the donors at all post-treatment time-points. 
Importantly, there were no differences in engraft-
ment between the FMT responders and the FMT 
non-responders, except for more of one particular 
donor’s microbiota (Donor 2) explaining a higher 
portion of the FMT responders’ microbiota than 
the FMT non-responders at the six-month time- 
point only.

Engraftment occurred to different degrees in 
different clades, and variations in engraftment 
occurred within clades. Some phyla, such as 
Verrucomicrobia, Acidobacteria and Fusobacteria, 
have very low or even no engraftment, though 

Table 3. Engraftment and loss of ASVs driven by FMT.

Genus Num. ASVs
FMT 

gains Placebo gains FMT loss Placebo loss

Bacteroides 394 126 (247) [8] 35 (38) [2] 147 (214) [4] 27 (28) [2]
Prevotella 163 51 (136) [7] 19 (24) [3] 0 (0) [0] 2 (2) [1]
Faecalibacterium 34 27 (59) [7] 17 (18) [2] 0 (0) [0] 1 (3) [3]
Blautia 77 39 (58) [4] 27 (38) [3] 8 (12) [3] 7 (8) [2]
Ruminococcus 39 11 (33) [7] 5 (5) [1] 12 (15) [2] 13 (23) [3]
Phascolarctobacterium 6 3 (33) 12 0 (0) [0] 1 (5) [5] 0 (0) [0]
Parabacteroides 41 16 (31) [6] 0 (0) [0] 5 (7) [2] 1 (1) [1]
Sutterella 6 3 (25) [9] 1 (1) [1] 0 (0) [0] 2 (3) [2]
Alistipes 20 11 (23) [8] 3 (3) [1] 2 (2) [1] 0 (0) [0]

The most frequently changing (gains plus losses) genera are shown. The number of ASVs assigned to each genus is shown (Num. ASVs). The numbers indicate (i) 
the number of ASVs gained or lost, (ii) in parentheses, the total number of gains or losses for that genus among the patient group and (iii) in square brackets, 
the highest number of patients in which any of the ASVs were gained or lost.
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these phyla are numerically less important. Other 
phyla, such as the Firmicutes, Bacteroidetes, 

Actinobacteria and Euryarchaeota, have moderate 
to high engraftment, though these tend to have sub- 

Figure 4. Principle coordinate analysis of ASV gains and losses in the FMT and Placebo responders and non-responders.

Figure 5. Proportions of different bacteria/archaea derived from the donors in the FMT patients. In each FMT patient’s sample for the 
relevant time-point (3 months), the proportions of each ASV attributed to coming from the donors was inferred using sourcetracker2. 
These proportions were all averaged to get an engraftment score for that node. Similarly, an engraftment score was also calculated for 
the placebo group. The score associated with the placebo group was used as a floor to rescale score assigned to the FMT group.
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lineages that do not engraft as strongly as others, if 
at all (Figure 5).

Discussion

Based on this follow-up on a previously published 
RCT treating IBS patients with FMT or placebo, we 
can conclude that 12 days of multi-donor FMT 
delivered through capsules induces long-term 
changes in the recipients’ microbiomes. FMT 
leads to the engraftment of numerous microbes 
with a broad taxonomic distribution in FMT 
patients, including strictly anaerobic bacteria, and 
also induces alterations of the recipients’ micro-
biomes with significant losses of microbes. There 
were no apparent differences in any ASV levels 
between the FMT recipients that exhibited 
a clinical response and those who did not. The 
changes in the microbiome were not correlated 
with clinical effects in this group of IBS patients 
highlighting that the understanding of the role of 
the microbiome in IBS still remains unsolved.

The changes in the FMT recipients’ microbiomes 
were long term, with significant changes persistent 
for at least 6 months, which was the last follow-up 
time-point of this study. This indicates that FMT 
delivered through capsules can drive major, wide-
spread and lasting changes in the human intestinal 
microbiome. We were not able to correlate engraft-
ment nor removal of certain ASVs with positive 
responses by the patients. However, it was evident 
from this study that: (i) FMT treatment resulted in 
a fast and long-lasting increase in fecal microbiome 
diversity, observable at all post-treatment time- 
points, (ii) microbial diversity increased the most 
in patients with low baseline diversity and (iii), 
FMT-treated patients’ microbiota became more 
similar to the donors’, evident at all time-points 
throughout the 2 week to 6 month post-treatment 
follow-up period, and (iv) it is possible to transfer 
strictly anaerobic and oxygen-sensitive bacteria 
through FMT capsules.

We assessed engraftment of bacteria after FMT 
in a variety of different ways in order to identify 
FMT-driven changes in the microbiomes at differ-
ent scales. The long-term engraftment after treat-
ment with FMT capsules is in concordance with 
data from other populations. Both healthy 

volunteers28 and patients with rCDI experience 
long-term engraftment for at least a year after treat-
ment with capsule FMT.29 FMT altered the abun-
dances of and drove the gain and loss of ASVs of 
several keystone genera including 
Faecalibacterium, Prevotella, and Bacteroides 
(Figure 3 and Table 3). Faecalibacterium prausnitzii 
is a propionate-producer and its loss is associated 
with inflammatory conditions.30 Prevotella copri 
has been both positively and negatively associated 
with human health and has been reported to be 
more abundant in non-Westernized 
populations.31–33 Bacteroides species play impor-
tant roles in human nutrition, producing volatile 
fatty acids, and the ratio of Bacteroides to 
Prevotella, which are considered to be antagonistic, 
is relevant to weight control in humans.34 It is 
widely known that the majority of fecal microor-
ganisms are anaerobic, but it has been shown else-
where that the members of the Firmicutes, 
especially Faecalibacterium and Megamonas, lose 
viability upon oxygen exposure during fecal proces-
sing much more quickly relative to other anaerobic 
genera such as Bacteroides and Parabacteroides.35 

Results here indicate that ASVs of both relatively 
oxygen-sensitive microbes (Faecalibacterium 
(Table 2) and Megamonas (not shown)) and rela-
tively oxygen-resistant genera, e.g. Bacteroides and 
Parabacteroides, engraft in FMT patients signifi-
cantly above the levels at which they are seen to 
be acquired from natural sources by placebo 
patients. This verifies that steps taken to minimize 
oxygen intrusion (e.g. flushing with argon) during 
the preparation of the FMT capsules were suffi-
ciently effective.

The FMT patients in our study lost much higher 
numbers of ASVs than the placebo patients did, 
which has not been reported before. This suggests 
that the establishment of donor microbes, or bac-
teriophages present in the FMT treatment, dis-
placed microbes that were present pre-treatment. 
FMT has recently been reported to be effective in 
the treatment of multidrug resistant bacteria.36 This 
effect is proposedly caused by both engraftment of 
beneficial microbes and displacement of harmful 
bacteria caused by FMT. We found that the FMT- 
responders lost more ASVs, than the FMT non- 
responders, which also might indicate that 
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potential beneficial effects of FMT can be attributed 
to the displacement of some bacteria following the 
treatment.

In the placebo group, the participants with low 
baseline diversity tended to show a statistically 
insignificant increase in their diversity when com-
pared to the participants with normal baseline 
diversity. This is possibly related to normal fluctua-
tions in the human microbiota where those with 
low initial diversity were simply near the trough of 
a wave and thus more likely to show an increase at 
later sampling times. Over the whole placebo 
group, the diversity did not change from baseline 
suggesting that the bowel cleansing did not alter 
diversity in such a way that was evident after 2 
weeks. The fact that no particular ASVs were lost 
from most of the placebo patients cannot be used to 
conclude that loss of some bacteria or broad micro-
biome changes in individual patients did not hap-
pen after bowel cleansing. The fact that 19 out of 24 
(79.2%) placebo patients were defined as respon-
ders, which is higher than the expected 30–40% 
placebo effect,37 indicates that the bowel cleansing 
might have induced a positive clinical effect. This is 
in contrast to proposed potentially harmful effects 
of bowel cleansing where a reduction in bacterial 
gut microbiota diversity for up to 4 weeks has been 
reported,38 which is in contrast to our finding of no 
decrease in diversity either short or long term. 
Since constipation is often a part of the disease 
course of many IBS patients, a bowel cleansing 
might induce beneficial effects in some patients. 
Interestingly, the highest degree of improvement 
in clinical symptoms after 3 months was in the IBS- 
Constipation subgroup.21 No other studies have 
reported the effects of bowel cleansing in IBS 
patients and we urge researchers to investigate 
this in future studies.

The relationship between the microbiome and 
the etiology of IBS still remains unsolved.3,16 The 
term gut dysbiosis is often used in relation to IBS 
and other diseases while the term itself is not clearly 
defined and is probably different from disease to 
disease.39,40 Typically, gut dysbiosis is described, 
but not strictly defined, as low bacterial diversity, 
and changed proportions of certain bacteria mainly 
based on correlations and not interventional 
studies.40,41 Based on the current research, it is 
not possible to conclude if FMT treatment is 

beneficial for IBS patients since the results of 
RCTs are mixed.17 The two published RCTs testing 
FMT capsules have been unsuccessful,19,21 while 
FMT delivered through endoscopy (both upper 
and lower) has been beneficial in some, but not 
all, studies, when compared to placebo.18,42,43 

However, many studies have used autologous 
FMT as placebo treatment and hence the true effect 
of the donor derived allogenic FMT is difficult to 
distinguish. As we report no beneficial effects of 
increasing gut microbiome diversity and Goll et al.-
44 reported response only in patients, that did not 
increase their diversity, based on microbiome data 
from a study of FMT treatment to IBS patients 
delivered through colonoscopy,45 simply to 
increase gut microbiome diversity following FMT 
cannot be used as a marker of beneficial effects.

Since neither changes in the gut microbiome 
diversity nor a proposed dysbiosis index, used by El- 
Salhy et al. in another RCT of successful FMT treat-
ment in IBS subjects,18,46 correlated with clinical 
improvements, it can be concluded that the current 
understanding of gut dysbiosis in IBS is still inade-
quate, and is why further studies are warranted.

Strengths and weaknesses

The primary strength of this study is in particular, 
the placebo-controlled design that gives us the 
opportunity to quantify the changes in the micro-
biome caused by FMT by accounting for natural and 
bowel-cleansing driven fluctuations in human micro-
biota. Further, we performed detailed investigations 
into engraftment utilizing a variety of complemen-
tary approaches. This provides detailed insight into 
the effects of encapsulated FMT treatment on recipi-
ents’ microbiota, documenting previously unknown 
patterns of microbial engraftment and displacement 
across the prokaryotic tree of life. There are also 
limitations to our analyses. Firstly, all the available 
samples were fecal samples. Intestinal biopsies would 
have given a more exact description of the changes in 
the tissue, where the microbiome is more likely to be 
involved in the disease pathology. Further, there is no 
general consensus regarding how to define low and 
normal diversity. In this study, we have tried to 
define low and normal diversity using the healthy 
FMT donors’ diversities as comparators, which 
makes the results difficult to compare to other 
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studies. The use of a definition of clinical response as 
at least a 50-point reduction in IBS-SSS after 
3 months compared to baseline might not be ideal 
since many patients can still have severe symptoms of 
IBS while being defined as responders.23 Other FMT- 
IBS studies have defined a 75 reduction in IBS-SSS as 
the definition of response, making it difficult to 
compare the results of interventions between 
studies.18,45 We urge future studies to report full IBS- 
SSS in addition to clearly defined definitions of clin-
ical response.

Perspectives

Based on the knowledge that FMT capsules induce 
long-term changes in the recipients’ microbiomes, 
future trials should utilize third-generation sequen-
cing technologies to assess the functional relevance 
of changes to recipients’ microbiomes and compare 
these to changes with placebo patients. This could 
also be used to investigate whether parts of the 
microbiota other than bacteria and archaea, such 
as fungi, viruses, parasites and bacteriophages drive 
potential beneficial effects, which have been pro-
posed as the driving mechanism in the treatment of 
other diseases through FMT.47

Since the importance of the microbiome in the 
etiology of IBS is not fully understood and patients 
are heterogeneous, future IBS-trials should possibly 
try to address IBS patients who would most possi-
bly benefit from FMT. A recently published RCT by 
Holvoet et al.42 only including IBS patients with 
predominantly bloating reported beneficial change 
in symptoms in the group receiving FMT. 
Furthermore, patients with post-infectious IBS, 
where a known pathogen and/or the treatment 
thereof (e.g. with antibiotics) could disturb the 
microbiome, could possibly be a group that could 
benefit the most from FMT treatment as indicated 
by a sub-group analysis in the study by Aroniadis 
et al.19

Conclusion

Twelve days of treatment with FMT capsules 
induces significant short- and long-term changes 
in the recipients’ microbiomes for up to 6 months. 
The microbiomes of FMT recipients both receive 
bacteria, including strictly anaerobic oxygen- 

sensitive bacteria from the donors and also lose 
bacteria. The changes in the gut microbiome of 
the FMT recipients were not correlated with clinical 
improvements. The role of the gut microbiome in 
IBS still remains unsolved and future studies are 
needed to access whether changing the microbiome 
can be correlated with beneficial effects in patients 
with IBS.

Materials and methods

Patient selection and treatment groups

Fifty-two adult patients with IBS were included into 
a double-blinded placebo-controlled clinical trial. 
Patients were randomly assigned to the FMT 
group or the placebo group. All patients underwent 
an oral bowel cleansing (Moviprep®) before starting 
a twelve-day course of 25 FMT or placebo capsules. 
The FMT capsules contained a fecal preparation 
mixed from four different donors where one dose 
(25 capsules) contained approximately 12 g of fecal 
preparation derived from 50 g fresh feces. Patients 
provided stool samples at a baseline clinical visit and 
at follow-up visits 2 weeks, 1 month, 3 months and 6 
months after inclusion. During these clinical visits, 
IBS severity was assessed using the IBS-SSS.23 Full 
details regarding patient selection, donor selection, 
the clinical intervention, FMT capsule preparation 
and an ethics statement are available in the report 
focusing on the clinical aspects of this trial.21

Of the 52 IBS patients, 22 patients in the FMT 
group and 24 patients in the placebo group were 
evaluated at the primary endpoint after 3 months. 
Eight and 19 patients in the FMT and placebo 
groups, respectively, exhibited a clinical response, 
defined a priori as a decrease of 50 points in the 
IBS-SSS compared to baseline.21

Sequencing data

The data in this study were produced in a related 
study primarily documenting the clinical results21 

using Illumina’s MiSeq platform to sequence V3- 
V4 16S rRNA amplicons derived from fecal sam-
ples. The sequencing data were screened for human 
reads using bowtie248 with the switches `-k 1` and 
`–very-sensitive-local` and reads with matches 
were removed from the analysis. All remaining 
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reads were uploaded to the SRA under BioProject 
number PRJNA679690.

Primary sequence analysis

Sequencing data were processed to produce 
a feature table of ASVs, ASV sequences and 
a phylogenetic tree of ASV sequences as previously 
described elsewhere21 except that the clustering 
step was performed with unoise349 instead of 
uparse.50

Microbiota analysis

The feature table was converted into biom format 
using biom.51 The feature table, ASV sequences and 
ASV tree were used as input to the qiime v1.9.1 core 
diversity analysis pipeline52 to derive measures of 
alpha diversity (Chao1) and beta-diversity 
(weighted and unweighted unifrac distances).53 

Similarly, the Rhea pipeline54 was used to derive 
further estimators of alpha-diversity (Shannon, 
Effective Shannon, Simpson and Effective 
Simpson) and beta-diversity (generalized unifrac). 
Ordination was performed using the stats.ordina-
tion.pcoa function of python’s skbio library v0.5.6. 
Student’s t-test, the Mann–Whitney U-test and 
Spearman’s rank correlation were performed 
using the versions in python’s scipy library 
(v1.3.3). The Benjamini–Hochberg method was 
used for false-positive rate control as implemented 
in (https://github.com/padbr/asat/blob/master/ben 
jamini_hochberg_p_adjust.py). Student’s t-test was 
used to compare sample means for alpha-diversity, 
while the non-parametric Mann-Whitney U-test 
was used to compare distributions of beta- 
diversity distances and ASV relative abundances. 
Potential correlations between IBS scores and 
microbiome data were assessed using Spearman’s 
rank correlation.

Grouping by initial diversities

Where patients were split into groups based on the 
initial diversities (Chao1) of their fecal microbiota, 
normal initial diversity was defined as greater than 
or equal to the mean minus one standard deviation 
of the donors’ diversities. Low initial diversity was 
defined as less than the mean minus three standard 

deviations of the donors’ diversities. These defini-
tions of normal and low initial diversity intention-
ally leave a “grey” zone in between to avoid the 
chance of classifying patients with highly similar 
initial diversities in opposite groups.

Calculating gain and loss scores

For each ASV in each patient’s time-course, it 
was independently assessed if that ASV was 
gained or lost following treatment. For clarity, 
here, the gain of an ASV means that it is absent 
before treatment and consistently present follow-
ing treatment, and vice versa for the loss of an 
ASV. In doing so, it is necessary to consider 
whether an apparent gain or loss could be 
explained by sampling disparities (e.g. to rule 
out that the absence of an ASV is not due to 
low sample coverage). It is also necessary to 
consider if putatively gained or lost ASVs are 
consistently present or absent in the follow-up 
time-points in order to rule out cases where 
certain ASVs are present transiently and not 
gained or lost due to the treatment.

In the cases where an ASV’s abundance at the 
initial time-point (T0) is zero, then a gain score 
is assessed (and the corresponding loss score is 
set to 0). An expected proportion is calculated 
by multiplying the sample coverage at T0 by the 
average proportion of the ASV seen in the fol-
low-up time points. The survival function of 
python’s scipy.stats.poisson library is called on 
the expected frequency, giving a score that is 
used as a probability that the absence is not 
explicable by low sample coverage. Then the 
ASV’s abundances were assessed at the follow- 
up time-points (2 weeks, 1 month, 3 months and 
6 months) in order to determine if the ASV is 
consistently present in sufficiently high propor-
tions to indicate that the ASV was present in all 
post-treatment time-points. To do this, each 
pairwise set of two chronologically adjacent 
time-points were assessed in series. If the ASV 
is present in both time-points, a score of 1 is 
returned. If it is absent at both times, a score of 
0 is returned. If the ASV is present in 1 and 
absent in the other, then an expected observa-
tion count is calculated for the absent sample by 
multiplying the sample coverage by the 
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proportion in the other sample of the pair and 
again using the survival function to calculate the 
probability that the absence can be explained by 
low sample coverage. It is the probability that is 
returned as the score. All adjacent scores in the 
series and multiplied pairwise, and an average of 
the resulting products is multiplied by the prob-
ability that the initial absence was not due to 
low coverage.

In the cases where an ASVs abundance at T0 in 
a patient is greater than zero, then a loss score is 
derived (and the gain score is effectively set to 0). 
The following time-points are examined in chron-
ological order. If the ASV is observed in the sample 
for a given time-point it was assigned a loss score of 
0. If it was not observed in a sample, an expected 
observation count was calculated by multiplying 
the sample’s coverage by the ASV’s relative abun-
dance at T0. Using the expected observation count, 
the survival function is used to return a probability 
that the ASV was not seen due to low sample cover-
age, which is then returned as a loss score. All 
pairwise adjacent loss scores were multiplied by 
each other and it is the average of these products 
that is returned as the ASV’s loss score for that 
patient. A cutoff of 0.85 was applied to the gain 
and loss scores. The gain and loss scores were 
calculated as described using a python script avail-
able at https://github.com/padbr/asat/blob/master/ 
expected_intransience.poisson.py. A patient by 
ASV feature-table was made, where lost ASVs 
were represented with 0, unchanged ASVs were 
represented as 1 and gained ASVs were represented 
as 2. Based on this, a Euclidean distance matrix was 
calculated and used for principle coordinates ana-
lysis using python’s skbio library.

Assessing engraftment using sourcetracking 
software

Sourcetracker227 uses a Bayesian algorithm to esti-
mate the proportions of a sink-microbiome that 
can be attributed to originating from various 
source-microbiomes. It was run with mapfiles spe-
cifying each individual donor as a separate source 
and with the ‘–per_sink_feature_assignments’ flag 
to also get a feature table detailing how much each 
source contributed to each ASV in the sink. These 

values (how much each sink contributed for each 
ASV) were used to calculate proportions for which 
each ASV was attributed to coming from the 
donors or to coming from the patients’ pre- 
treatment microbiota. For calculating such pro-
portions for taxonomic groupings, the average of 
all of the proportions for each ASV assigned to 
that taxonomic classification was used. 
Histograms of the proportions of ASVs assigned 
to particular lineages inferred to have originated 
from the donors’ microbiota indicate that there is 
some noise in the data (Supplementary file, fig-
ure 6), with lineage-dependent variations in this 
noise. For this reason, when assessing what pro-
portion of each taxonomy term is likely to have 
originated from the donors’ microbiota, the pla-
cebo groups’ proportions estimated to have come 
from the donors were used as a measure of back-
ground. If more of an ASV or taxonomic grouping 
was classed as coming from the donors in the 
placebo group, the estimated proportion coming 
from the donor in the FMT groups was set to zero. 
Otherwise, a new proportion was calculated by 
(PFMT – PPlacebo)/(1 – PPlacebo). For plotting on 
a tree, the rescaled proportions were colored 
using python’s matplotlib.colormap module and 
drawn using biopython’s Phylo.tree.draw 
function.

Author contributions

PDB: Contributed to general conception of research design, 
sequencing data analysis, statistical analysis, writing of the 
original manuscript, reviewing and editing the manuscript.

FC: Research idea, performed general coordination, writing 
of the original manuscript, draft preparation, reviewing and 
editing the manuscript.

AMP: Reviewing and editing the manuscript.
SIH: Reviewing and editing the manuscript.
AHC: Reviewing and editing the manuscript.
SG: Reviewing and editing the manuscript.
LHH: Contributed to general conception of research design, 

reviewing and editing the manuscript, guarantor of the 
manuscript.

Clinical trial identifier

The study was registered in ClinicalTrials.gov (NCT02788071)

GUT MICROBES e1927635-13

https://github.com/padbr/asat/blob/master/expected_intransience.poisson.py
https://github.com/padbr/asat/blob/master/expected_intransience.poisson.py


Disclosure of potential conflicts of interest

All authors declare no conflict of interest.

Funding

This work was supported by the Danish Innovation Fund 
under Grant 7076-00129B, MICROHEALTH. The funders 
had no role in study design, data collection and analysis, 
decision to publish, or preparation of the manuscript; 
Innovationsfonden [7076-00129B, MICROHEALTH].

ORCID

Frederik Cold http://orcid.org/0000-0003-2085-8496
Andreas Munk Petersen http://orcid.org/0000-0003-0531- 
0553
Sofie Ingdam Halkjær http://orcid.org/0000-0001-7518- 
4252

Ethics

The study was approved by the ethical committee, Denmark 
(protocol number: H-15016343) and all participants provided 
informed consent to participate.

Data availability

All non-human sequence data were uploaded to the 
Sequence Read Archive (SRA) under BioProject number 
PRJNA679690.

References

1. Lynch SV, Pedersen O. The human intestinal 
Microbiome in health and disease. N Engl J Med. 
2016;375(24):2369–2379. doi:10.1056/ 
NEJMra1600266..

2. Jandhyala SM, Talukdar R, Subramanyam C, 
Vuyyuru H, Sasikala M, Nageshwar Reddy D. Role of 
the normal gut microbiota. World J Gastroenterol. 
2015;21(29):8787–8803. doi:10.3748/wjg.v21.i29.8787. 
PMID:PMC4528021.

3. Chong PP, Chin VK, Looi CY, Wong WF, Madhavan P, 
Yong VC. The Microbiome and irritable bowel syn-
drome - a review on the pathophysiology, current 
research and future therapy. Front Microbiol. 
2019;10:1136. doi:10.3389/fmicb.2019.01136. PMID: 
PMC6579922.

4. Bernstein CN, Forbes JD. Gut Microbiome in inflamma-
tory bowel disease and other chronic immune-mediated 
inflammatory diseases. Inflammatory Intestinal Dis. 
2017;2(2):116–123. doi:10.1159/000481401.PMID:PMC 
5988152

5. Sokol H, Jegou S, McQuitty C, Straub M, Leducq V, 
Landman C, Kirchgesner J, Le Gall G, Bourrier A, Nion- 
Larmurier I, et al. Specificities of the intestinal micro-
biota in patients with inflammatory bowel disease and 
Clostridium difficile infection. Gut Microbes. 2018;9 
(1):55–60. doi:10.1080/19490976.2017.1361092. PMID: 
PMC5914915.

6. Sanmiguel C, Gupta A, Mayer EA. Gut Microbiome and 
obesity: a plausible explanation for obesity. Curr Obes 
Rep. 2015;4(2):250–261. doi:10.1007/s13679-015-0152- 
0. PMID:PMC4443745.

7. Larsen N, Vogensen FK, Fwj VDB, Nielsen DS, 
Andreasen AS, Pedersen BK, Al-Soud WA, 
Sørensen SJ, Hansen LH, Jakobsen M. Gut Microbiota 
in human adults with type 2 diabetes differs from 
non-diabetic adults. PLOS ONE. 2010;5(2):e9085. 
doi:10.1371/journal.pone.0009085.

8. Cenit MC, Sanz Y, Codoner-Franch P. Influence of gut 
microbiota on neuropsychiatric disorders. World 
J Gastroenterol. 2017;23(30):5486–5498. doi:10.3748/ 
wjg.v23.i30.5486. PMID:PMC5558112.

9. Baunwall SMD, Lee MM, Eriksen MK, Mullish BH, 
Marchesi JR, Dahlerup JF, Hvas CL. Faecal microbiota 
transplantation for recurrent Clostridioides difficile 
infection: an updated systematic review and 
meta-analysis. EClinicalMedicine. 2020;29–30:100642. 
doi:10.1016/j.eclinm.2020.100642. PMID:PMC7788438.

10. Lai CY, Sung J, Cheng F, Tang W, Wong SH, Chan PKS, 
Kamm MA, Sung JJY, Kaplan G, Chan FKL, et al. 
Systematic review with meta-analysis: review of donor 
features, procedures and outcomes in 168 clinical stu-
dies of faecal microbiota transplantation. Aliment 
Pharmacol Ther. 2019;49(4):354–363. doi:10.1111/ 
apt.15116.

11. Ford AC, Lacy BE, Talley NJ. Irritable bowel syndrome. 
N Engl J Med. 2017;376(26):2566–2578. doi:10.1056/ 
NEJMra1607547.

12. Canavan C, West J, Card T. The epidemiology of irri-
table bowel syndrome. Clin Epidemiol. 2014;6:71–80. 
doi:10.2147/clep.S40245. PMID:PMC3921083.

13. Staudacher HM, Whelan K. Altered gastrointestinal 
microbiota in irritable bowel syndrome and its modifi-
cation by diet: probiotics, prebiotics and the low 
FODMAP diet. Proc Nutr Soc. 2016;75(3):306–318. 
doi:10.1017/s0029665116000021.

14. Barbara G, Grover M, Bercik P, Corsetti M, 
Ghoshal UC, Ohman L, M. R-S. Rome foundation 
working team report on post-infection irritable bowel 
syndrome. Gastroenterology. 2019;156(1):46–58.e47. 
doi:10.1053/j.gastro.2018.07.011. PMID:PMC6309514.

15. Pittayanon R, Lau JT, Yuan Y, Leontiadis GI, Tse F, 
Surette M, Moayyedi P. Gut Microbiota in patients with 
irritable bowel syndrome – a systematic review. 
Gastroenterology. 2019;157(1):97–108. doi:10.1053/j. 
gastro.2019.03.049.

16. Hugerth LW, Andreasson A, Talley NJ, Forsberg AM, 
Kjellström L, Schmidt PT, Agreus L, Engstrand L. No 

e1927635-14 P. D. BROWNE ET AL.

https://doi.org/10.1056/NEJMra1600266
https://doi.org/10.1056/NEJMra1600266
https://doi.org/10.3748/wjg.v21.i29.8787
https://doi.org/10.3389/fmicb.2019.01136
https://doi.org/10.1159/000481401
https://doi.org/10.1080/19490976.2017.1361092
https://doi.org/10.1007/s13679-015-0152-0
https://doi.org/10.1007/s13679-015-0152-0
https://doi.org/10.1371/journal.pone.0009085
https://doi.org/10.3748/wjg.v23.i30.5486
https://doi.org/10.3748/wjg.v23.i30.5486
https://doi.org/10.1016/j.eclinm.2020.100642
https://doi.org/10.1111/apt.15116
https://doi.org/10.1111/apt.15116
https://doi.org/10.1056/NEJMra1607547
https://doi.org/10.1056/NEJMra1607547
https://doi.org/10.2147/clep.S40245
https://doi.org/10.1017/s0029665116000021
https://doi.org/10.1053/j.gastro.2018.07.011
https://doi.org/10.1053/j.gastro.2019.03.049
https://doi.org/10.1053/j.gastro.2019.03.049


distinct microbiome signature of irritable bowel syn-
drome found in a Swedish random population. Gut. 
2020; 69(6):1076–1084.10.1136/gutjnl-2019-318717. 
PMID:PMC7282555.

17. Ianiro G, Eusebi LH, Black CJ, Gasbarrini A, 
Cammarota G, Ford AC. Systematic review with 
meta-analysis: efficacy of faecal microbiota transplanta-
tion for the treatment of irritable bowel syndrome. 
Aliment Pharmacol Ther. 2019;50(3):240–248. 
doi:10.1111/apt.15330.

18. El-Salhy M, Hatlebakk JG, Gilja OH, Brathen 
Kristoffersen A, Hausken T. Efficacy of faecal micro-
biota transplantation for patients with irritable bowel 
syndrome in a randomised, double-blind, 
placebo-controlled study. Gut. 2019;69(5):859–867. 
doi:10.1136/gutjnl-2019-319630.

19. Aroniadis OC, Brandt LJ, Oneto C, Feuerstadt P, 
Sherman A, Wolkoff AW, Kassam Z, Sadovsky RG, 
Elliott RJ, Budree S, et al. Faecal microbiota transplan-
tation for diarrhoea-predominant irritable bowel syn-
drome: a double-blind, randomised, placebo-controlled 
trial. Lancet Gastroenterol Hepatol. 2019;4(9):675-685. 
doi:10.1016/S2468-1253(19)30198-0.

20. Holster S, Lindqvist CM, Repsilber D, Salonen A, De 
Vos WM, Konig J, Brummer RJ. The effect of allogenic 
versus autologous fecal microbiota transfer on symptoms, 
visceral perception and fecal and mucosal microbiota in 
irritable bowel syndrome: a randomized controlled study. 
Clin Transl Gastroenterol. 2019;10(4):e00034. 
doi:10.14309/ctg.0000000000000034. PMID: 
PMC6602784.

21. Halkjaer SI, Christensen AH, Lo BZS, Browne PD, 
Gunther S, Hansen LH, Petersen AM. Faecal micro-
biota transplantation alters gut microbiota in 
patients with irritable bowel syndrome: results from 
a randomised, double-blind placebo-controlled study. 
Gut. 2018;67(12):2107–2115. doi:10.1136/gutjnl- 
2018-316434.

22. Callahan BJ, McMurdie PJ, Holmes SP. Exact sequence 
variants should replace operational taxonomic units in 
marker-gene data analysis. ISME J. 2017;11 
(12):2639–2643. doi:10.1038/ismej.2017.119.

23. Francis CY, Morris J, Whorwell PJ. The irritable bowel 
severity scoring system: a simple method of monitoring 
irritable bowel syndrome and its progress. Aliment 
Pharmacol Ther. 1997;11(2):395–402. doi:10.1046/ 
j.1365-2036.1997.142318000.x.

24. Chao A. Nonparametric estimation of the number of 
classes in a population. Scandinavian J Stat. 
1984;11:265–270.

25. Shannon CE. A mathematical theory of 
communication. SIGMOBILE Mob Comput Commun 
Rev. 2001;5(1):3–55. doi:10.1145/584091.584093.

26. Simpson EH. Measurement of diversity. Nature. 
1949;163(4148):688. doi:10.1038/163688a0.

27. Knights D, Kuczynski J, Charlson ES, Zaneveld J, 
Mozer MC, Collman RG, Bushman FD, Knight R, 

Kelley ST. Bayesian community-wide 
culture-independent microbial source tracking. Nat 
Methods. 2011;8(9):761–763. doi:10.1038/nmeth.1650. 
PMID:PMC3791591.

28. Goloshchapov OV, Olekhnovich EI, Sidorenko SV, 
Moiseev IS, Kucher MA, Fedorov DE, Pavlenko AV, 
Manolov AI, Gostev VV, Veselovsky VA, et al. Long- 
term impact of fecal transplantation in healthy 
volunteers. BMC Microbiol. 2019;19(1):312. 
doi:10.1186/s12866-019-1689-y. PMID:PMC6938016.

29. Staley C, Kaiser T, Vaughn BP, Graiziger C, 
Hamilton MJ, Kabage AJ, Khoruts A, Sadowsky MJ. 
Durable long-term bacterial engraftment following 
encapsulated fecal microbiota transplantation to treat 
Clostridium difficile infection. mBio. 2019;10(4):10. 
doi:10.1128/mBio.01586-19. PMID:PMC6650559.

30. Martín R, Miquel S, Benevides L, Bridonneau C, 
Robert V, Hudault S, Chain F, Berteau O, Azevedo V, 
Chatel JM, et al. Functional characterization of Novel 
Faecalibacterium prausnitzii strains isolated from 
healthy volunteers: a step forward in the use of 
F. prausnitzii as a next-generation probiotic. Front 
Microbiol. 2017;8:1226. doi:10.3389/fmicb.2017.01226. 
PMID:PMC5492426.

31. Tett A, Huang KD, Asnicar F, Fehlner-Peach H, 
Pasolli E, Karcher N, Armanini F, Manghi P, 
Bonham K, Zolfo M, et al. The Prevotella copri complex 
comprises four distinct clades underrepresented in 
Westernized populations. Cell Host Microbe. 2019;26 
(666–679):e667. doi:10.1016/j.chom.2019.08.018.

32. Scher JU, Sczesnak A, Longman RS, Segata N, Ubeda C, 
Bielski C, Rostron T, Cerundolo V, Pamer EG, 
Abramson SB, et al. Expansion of intestinal Prevotella 
copri correlates with enhanced susceptibility to 
arthritis. eLife. 2013;2:e01202. doi:10.7554/ 
eLife.01202.. PMID:PMC3816614.

33. Ley RE. Gut microbiota in 2015: prevotella in the gut: 
choose carefully. Nat Rev Gastroenterol Hepatol. 
2016;13(2):69–70. doi:10.1038/nrgastro.2016.4.

34. Hjorth MF, Blædel T, Bendtsen LQ, Lorenzen JK, 
Holm JB, Kiilerich P, Roager HM, Kristiansen K, 
Larsen LH, Astrup A. Prevotella-to-Bacteroides ratio 
predicts body weight and fat loss success on 24-week 
diets varying in macronutrient composition and dietary 
fiber: results from a post-hoc analysis. Int J Obes 
(Lond). 2019;43(1):149–157. doi:10.1038/s41366-018- 
0093-2. PMID:PMC6331389.

35. Chu ND, Smith MB, Perrotta AR, Kassam Z, Alm EJ. 
Profiling living bacteria informs preparation of Fecal 
Microbiota transplantations. PLoS One. 2017;12(1): 
e0170922. doi:10.1371/journal.pone.0170922. PMID: 
PMC5268452.

36. Saha S, Tariq R, Tosh PK, Pardi DS, Khanna S. Faecal 
microbiota transplantation for eradicating carriage of 
multidrug-resistant organisms: a systematic review. 
Clinical Microbiology and Infection: The Official 
Publication of the European Society of Clinical 

GUT MICROBES e1927635-15

https://doi.org/10.1136/gutjnl-2019-318717
https://doi.org/10.1111/apt.15330
https://doi.org/10.1136/gutjnl-2019-319630
https://doi.org/10.1016/S2468-1253(19)30198-0
https://doi.org/10.14309/ctg.0000000000000034
https://doi.org/10.1136/gutjnl-2018-316434
https://doi.org/10.1136/gutjnl-2018-316434
https://doi.org/10.1038/ismej.2017.119
https://doi.org/10.1046/j.1365-2036.1997.142318000.x
https://doi.org/10.1046/j.1365-2036.1997.142318000.x
https://doi.org/10.1145/584091.584093
https://doi.org/10.1038/163688a0
https://doi.org/10.1038/nmeth.1650
https://doi.org/10.1186/s12866-019-1689-y
https://doi.org/10.1128/mBio.01586-19
https://doi.org/10.3389/fmicb.2017.01226
https://doi.org/10.1016/j.chom.2019.08.018
https://doi.org/10.7554/eLife.01202
https://doi.org/10.7554/eLife.01202
https://doi.org/10.1038/nrgastro.2016.4
https://doi.org/10.1038/s41366-018-0093-2
https://doi.org/10.1038/s41366-018-0093-2
https://doi.org/10.1371/journal.pone.0170922


Microbiology and Infectious Diseases. 2019;25 
(8):958–963. doi:10.1016/j.cmi.2019.04.006.

37. Ford AC, Moayyedi P. Meta-analysis: factors affecting 
placebo response rate in the irritable bowel syndrome. 
Aliment Pharmacol Ther. 2010;32(2):144–158. 
doi:10.1111/j.1365-2036.2010.04328.x.

38. Drago L, Valentina C, Fabio P. Gut microbiota, dysbio-
sis and colon lavage. Digestive and Liver Disease: 
Official Journal of the Italian Society of 
Gastroenterology and the Italian Association for the 
Study of the Liver. 2019;51(9):1209–1213. doi:10.1016/ 
j.dld.2019.06.012.

39. Duvallet C, Gibbons SM, Gurry T, Irizarry RA, Alm EJ. 
Meta-analysis of gut microbiome studies identifies 
disease-specific and shared responses. Nat Commun. 
2017;8(1):1784. doi:10.1038/s41467-017-01973-8. 
PMID:PMC5716994.

40. Hooks KB, O’Malley MA. Dysbiosis and its discontents. 
mBio. 2017;8(5):8. doi:10.1128/mBio.01492-17. PMID: 
PMC5635691.

41. Wilkins LJ, Monga M, Miller AW. Defining dysbiosis 
for a cluster of chronic diseases. Sci Rep. 2019;9 
(1):12918. doi:10.1038/s41598-019-49452-y. PMID: 
PMC6733864.

42. Holvoet T, Joossens M, Vázquez-Castellanos JF, 
Christiaens E, Heyerick L, Boelens J, Verhasselt B, 
Van Vlierberghe H, De Vos M, Raes J, et al. Fecal 
Microbiota transplantation reduces symptoms in 
some patients with irritable bowel syndrome with 
predominant abdominal bloating: short- and 
long-term results from a placebo-controlled rando-
mized trial. Gastroenterology. 2021;160(145–157): 
e148. doi:10.1053/j.gastro.2020.07.013.

43. Lahtinen P, Jalanka J, Hartikainen A, Mattila E, 
Hillilä M, Punkkinen J, Koskenpato J, Anttila V-J, 
Tillonen J, Satokari R, et al. Randomised clinical trial: 
faecal microbiota transplantation versus autologous pla-
cebo administered via colonoscopy in irritable bowel 
syndrome. Aliment Pharmacol Ther. 2020;51 
(12):1321–1331. doi:10.1111/apt.15740.

44. Goll R, Johnsen PH, Hjerde E, Diab J, Valle PC, 
Hilpusch F, Cavanagh JP. Effects of fecal microbiota 
transplantation in subjects with irritable bowel syn-
drome are mirrored by changes in gut microbiome. 
Gut Microbes. 2020;12(1):1794263. doi:10.1080/ 
19490976.2020.1794263. PMID:PMC7583512.

45. Johnsen PH, Hilpusch F, Cavanagh JP, Leikanger IS, 
Kolstad C, Valle PC, Goll R. Faecal microbiota 

transplantation versus placebo for moderate-to-severe 
irritable bowel syndrome: a double-blind, randomised, 
placebo-controlled, parallel-group, single-centre trial. 
Lancet Gastroenterol Hepatol. 2018;3(1):17–24. 
doi:10.1016/s2468-1253(17)30338-2.

46. Casen C, Vebo HC, Sekelja M, Hegge FT, Karlsson MK, 
Ciemniejewska E, Dzankovic S, Froyland C, 
Nestestog R, Engstrand L, et al. Deviations in human 
gut microbiota: a novel diagnostic test for determining 
dysbiosis in patients with IBS or IBD. Aliment 
Pharmacol Ther. 2015;42(1):71–83. doi:10.1111/ 
apt.13236. PMID:PMC5029765.

47. Ott SJ, Waetzig GH, Rehman A, Moltzau-Anderson J, 
Bharti R, Grasis JA, Cassidy L, Tholey A, Fickenscher 
H, Seegert D, et al. Efficacy of sterile fecal filtrate 
transfer for treating patients with clostridium difficile 
infection. Gastroenterology. 2017;152(4):799–811. 
e797. doi:10.1053/j.gastro.2016.11.010.

48. Langmead B, Salzberg SL. Fast gapped-read alignment 
with Bowtie 2. Nat Methods. 2012;9(4):357–359. 
doi:10.1038/nmeth.1923. PMID:PMC3322381.

49. Edgar RC. UNOISE2: improved error-correction for 
Illumina 16S and ITS amplicon sequencing. bioRxiv. 
2016;081257. doi:10.1101/081257.

50. Edgar RC. UPARSE: highly accurate OTU sequences 
from microbial amplicon reads. Nat Methods. 2013;10 
(10):996–998. doi:10.1038/nmeth.2604.

51. McDonald D, Clemente JC, Kuczynski J, Rideout JR, 
Stombaugh J, Wendel D, Wilke A, Huse S, Hufnagle J, 
Meyer F, et al. The Biological Observation Matrix 
(BIOM) format or: how I learned to stop worrying 
and love the ome-ome. GigaScience. 2012;1(1):7. 
doi:10.1186/2047-217X-1-7.

52. Caporaso JG, Kuczynski J, Stombaugh J, Bittinger K, 
Bushman FD, Costello EK, Fierer N, Peña AG, 
Goodrich JK, Gordon JI, et al. QIIME allows analysis 
of high-throughput community sequencing data. Nat 
Methods. 2010;7(5):335–336. doi:10.1038/nmeth.f.303. 
PMID:PMC3156573.

53. Lozupone C, Knight R. UniFrac: a new phylogenetic 
method for comparing microbial communities. Appl 
Environ Microbiol. 2005;71(12):8228–8235. doi:10.1128/ 
aem.71.12.8228-8235.2005. PMID:PMC1317376.

54. Lagkouvardos I, Fischer S, Kumar N, Clavel T. Rhea: 
a transparent and modular R pipeline for microbial 
profiling based on 16S rRNA gene amplicons. PeerJ. 
2017;5:e2836. doi:10.7717/peerj.2836. PMID:PMC52 
34437.

e1927635-16 P. D. BROWNE ET AL.

https://doi.org/10.1016/j.cmi.2019.04.006
https://doi.org/10.1111/j.1365-2036.2010.04328.x
https://doi.org/10.1016/j.dld.2019.06.012
https://doi.org/10.1016/j.dld.2019.06.012
https://doi.org/10.1038/s41467-017-01973-8
https://doi.org/10.1128/mBio.01492-17
https://doi.org/10.1038/s41598-019-49452-y
https://doi.org/10.1053/j.gastro.2020.07.013
https://doi.org/10.1111/apt.15740
https://doi.org/10.1080/19490976.2020.1794263
https://doi.org/10.1080/19490976.2020.1794263
https://doi.org/10.1016/s2468-1253(17)30338-2
https://doi.org/10.1111/apt.13236
https://doi.org/10.1111/apt.13236
https://doi.org/10.1053/j.gastro.2016.11.010
https://doi.org/10.1038/nmeth.1923
https://doi.org/10.1101/081257
https://doi.org/10.1038/nmeth.2604
https://doi.org/10.1186/2047-217X-1-7
https://doi.org/10.1038/nmeth.f.303
https://doi.org/10.1128/aem.71.12.8228-8235.2005
https://doi.org/10.1128/aem.71.12.8228-8235.2005
https://doi.org/10.7717/peerj.2836

	Abstract
	Introduction
	Results
	FMT treatment increased fecal microbiome diversity both short- and long-term
	Microbial diversity increased the most in patients with low baseline diversity
	FMT-treated patients’ microbiota became more similar to the donors’, both short- and long-term
	FMT altered abundances of certain ASVs among diverse types of bacteria
	FMT induces both significant engraftment and loss of bacteria
	Bacteria derived from the donors were found in the FMT patients after treatment

	Discussion
	Strengths and weaknesses
	Perspectives

	Conclusion
	Materials and methods
	Patient selection and treatment groups
	Sequencing data
	Primary sequence analysis
	Microbiota analysis
	Grouping by initial diversities
	Calculating gain and loss scores
	Assessing engraftment using sourcetracking software

	Author contributions
	Clinical trial identifier
	Disclosure of potential conflicts of interest
	Funding
	ORCID
	Ethics
	Data availability
	References

