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Abstract

Background: Irritable bowel syndrome (IBS) is a common gastrointestinal functional
disorder. Although IBS is a benign condition, it reduces the quality of life consider-
ably. While there is currently no effective treatment for this disorder, fecal microbiota
transplantation (FMT) seems to be promising.

Purpose: The aim of this review was to analysis possible factors affecting the success
or failure of the randomized controlled trials (RCTs) of FMT for IBS and highlighting
the gaps in our knowledge that need to be filled and of sketching a possible model for
successful FMT in IBS patients.

Methods: A systematic search was conducted of literature published in English from
January 2015 to December 2020 using the keywords: fecal microbiota transplanta-
tion, randomized trials, and IBS.

Key Results: Seven randomized controlled trials (RCTs) on the efficacy of FMT for IBS
were found in the literature. Four of the seven RCTs found various positive effects,
while the other three did not find any effect.

Conclusions and Inferences: The efficacy of FMT for IBS appears to be donor-
dependent. The effective (super) donor would need to have a favorable microbiota
signature, and 11 clinical criteria that are known to be associated with a favorable mi-
crobiota have been suggested for selecting FMT donors for IBS. Comparing the micro-
biota of the effective donors with those of healthy subjects would reveal the favorable
microbiota signature required for a super-donor. However, the studies reviewed were
not designed to compare efficacy of different donor types. The dose of the fecal trans-
plant is also an important factor influencing the outcome of FMT for IBS. However, fur-
ther studies designed to test the effect of fecal transplant dose are needed to answer
this question. Administering the fecal transplant to either the small or large intestine
seems to be effective, but the optimal route of administration remains to be deter-
mined. Moreover, whether single or repeated FMT is more effective is also still unclear.
A 1-year follow-up of IBS patients who received FMT showed that adverse events of

abdominal pain, diarrhea, and constipation were both mild and self-limiting.
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Key Points

determined.

1 | INTRODUCTION

Irritable bowel syndrome (IBS) is a chronic disorder affecting 11.2%
of the world's population, with the highest prevalence in South
America and the lowest prevalence in South Asia.>? IBS is a benign
disorder that is not associated with increased mortality, and it does
not develop into a serious disease.> However, IBS reduces the qual-
ity of life of the affected patients considerably.1 There is no effective
treatment for IBS, with the available treatments being directed at
symptom relief.

The etiology of IBS is unknown, but the intestinal microbiota
seems to play a pivotal role in its pathophysiology.* The intestinal
bacterial profile in IBS patients differs from that in healthy sub-
jects.S'12 IBS patients have also a lower diversity of gut bacteria
(dysbiosis) than healthy subjects.5‘1° Fecal microbiota transplanta-
tion (FMT) has been applied to IBS patients in seven randomized
controlled trials (RCTs),**? four of which showed a positive effect
13151819 \while the other three showed no effect.!1617 At first sight,
it appears to be challenging to compare these RCTs due to variations
in the criteria used to select the donors and patients, in the dose of
the fecal transplant used, and in the FMT protocols. Furthermore,
different measurements were used to assess efficacy of FMT in
these RCTs. Thus, in the RCT of El-Salhy et al, the efficacy of FMT
was measured by both IBS-symptom severity system (BS-SSS) and
the rigorous requirements of the European Medicines Agency and
(EMA) and the Food and Drug Administration (FDA) using a compos-
ite responder endpoint.zo*21 While reduction in IBS-SSS score was
used 5 RCTs to measure the efficacy of FMT,3141618 rejief of gen-
eral IBS symptoms and abdominal bloating was used in one RCT.Y
Recommendations for consideration in future FMT studies in IBS
concerning several topics of investigation have been suggested for
improving the outcome of FMT in 1BS.2228

Benech and Sokol considered that the application of FMT in
gastrointestinal disorders represents the start of a new era.?* All
RCTs on FMT for IBS (regardless of their outcomes) provide crucial
information that can be used to improve the efficacy of FMT in IBS
patients. Hence, the present review includes an analysis of possible
factors affecting the success or failure of these RCTs, with the aim
of highlighting the gaps in our knowledge that need to be filled and
of sketching a possible model for successful FMT in IBS patients.

rhea, and constipation.

o FMT is a promising treatment for IBS. The outcome of FMT is a donor-dependent and a care-
ful selection is needed for a successful FMT.

e The dose of the fecal transplant is important to the efficacy of FMT. Doses lower than 30 g
did not show any effect seems to be effective.

e The optimal route of administering the fecal transplant to either the small or large intestine
is still unclear. Moreover, whether single or repeated FMT is more effective remains to be

e The adverse events of FMT were both mild and self-limiting in form of abdominal pain, diar-

2 | DONOR SELECTION

The response to FMT in inflammatory bowel disease (IBD) appears
to be donor-dependent, with variations in the study outcomes ex-
plainable by differences between the donors.>?> This situation has
led to the term super-donor being coined to describe a donor that
induces desirable effects in recipients.’ Since there are no clear
criteria for the super-donor, predicting the clinical efficacy of the
donor before FMT is impossible. Attempts to overcome this obstacle
have led to suggestions that donors’ feces should be pooled in order
to increase the likelihood of patients receiving effective feces.?
However, applying this approach did not increase the response rate
to FMT, which is probably because the feces of the super-donor
would be diluted and consequently the recipients would not receive
a sufficient dose from the super-donor.?’

The donors in all of the RCTs done on IBS patients were healthy
and had a normal body mass index (BMI).2*Y? The super-donor for the
IBS patients was selected based either on clinical efficacy in a pilot
trial or on clinical criteria and the fecal microbiota profile.1>171%:28
The RCT of Holvoet and colleagues used two donors who were ef-
fective in a pilot trial.**?® Another RCT selected two donors who
had the highest fecal abundance of the butyryl-CoA CoA transferase
gene.17 El-Salhy et al used both clinical criteria and the fecal bacterial
profile when choosing a single donor.'®> The basis for choosing the
clinical criteria and identifying the bacterial signature of their donor
is explained below.

In the absence of clear criteria for a super-donor, El-Salhy and col-
leagues considered the factors that are known to affect the gut micro-
biota negatively or positively, and attempted to select a donor having
the positive factors and lacking the negative factors. The factors that
have negative effects on the gut microbiota and reduce the bacterial
diversity include aging (>50 years), smoking/smoking cessation, being
born by cesarean section and/or being formula-fed, frequent treat-
ment with antibiotics, and regular intake of non-antibiotic drugs.®2?°%”
On the other hand, regular exercise and consuming a sport-specific
diet are associated with a favorable gut microbiota.®®4° Furthermore,
since the intestinal microbiota is affected by the genetic composition,
the super-donor should not be a first-degree relative of any recipient,
since genetic similarity may be associated with similarities in the fecal
microbiota.*>*? Applying these criteria resulted in the chosen donor
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FIGURE 1 The super-donor bacterial profile deviated from the expected normal abundance in 14 of the 39 bacteria markers. The
deviating bacteria belong to the typical commensal bacteria species that do not contribute to dysbiosis. Twelve of these bacteria belong
to the phylum Firmicutes (gray), one to the phylum Proteobacteria (light green), and one to the phylum Verrucomicrobia (light blue).

Reproduced from El-Salhy et al*®

being healthy with a normal BMI, a young male (37 years old), born via
a vaginal delivery, breastfed, and a non-smoker, not taking any med-
ication, having been treated only a few times with antibiotics, and
regularly performing physical exercise. The donor's diet was within
the normal range of those consumed by 35 healthy subjects as mea-
sured by the MoBa Food Frequency Questionnaire, but he consumed
also a sport-specific diet that was richer in protein, fiber, minerals,
and vitamins than average.43 The donor was not related to any of the
recipients.15 Moreover, an examination of the fecal microbiota of this
donor showed that he was normobiotic (ie, having a high microbial di-
versity), but deviated from the normal abundance of 165 healthy sub-
jects in 14 of 39 tested bacteria markers. Twelve of the bacteria were
in the phylum Firmicutes, with one each in the phyla Proteobacteria

).1> The bacterial signature (deviation)

and Verrucomicrobia (Figure 1
included an abundance of Streptococcus, Dorea, Lactobacillus, and
Ruminococcaceae spp. These four genera of bacteria have been re-
ported to constitute favorable bacteria for a donor.>284445

Holvoet et al observed that the fecal bacterial composition of
one of the two donors they used was stable over time, and that
donor was more effective than the second donor whose fecal bac-
terial composition varied over time.' Based on these observations,
those authors concluded that next to a high bacterial diversity, sta-
bility of the bacterial composition over time is also an important fac-
tor when selecting an effective donor.”? It is noteworthy that the
fecal bacterial composition of the super-donor used in the RCT of
El-Salhy et al was stable over the 18-month period during which he
donated his feces (Figure 2).

Pooling the feces from different donors resulted in no response
or only a transient improvement.13'14 Thus, pooling donor feces in

IBS (like in IBD) is not recommended.

with permission from the authors and publisher.
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FIGURE 2 Scaled PCA plot of fecal samples from the super-
donor and patients before transplantation. The patient samples
are indicated by small gray circles. The super-donor samples are
indicated by the larger circles of different colors that indicate the
sampling times: black, 3 months; red, 6 months; green, 9 months;
blue, 12 months; light blue, 15 months; and pink, 18 months. All of
the super-donor samples are grouped closely together and remain
in very similar positions over time. Reproduced from El-Salhy

et al.*® with permission from the authors and publisher.
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The donor in the RCT of Lahtinen et al was a healthy young adult
male with a normal BMI who was born via a vaginal delivery, had
not taken antibiotics during the previous year, and was not using
any permanent medications.*® Thus, 6 of the 11 clinical criteria for
an effective donor described by El-Salhy et al were fulfilled®’; the
remaining criteria are breastfeeding, not smoking, regularly per-
forming exercise, consuming a sport-specific diet rich in proteins,
fibers, minerals and vitamins, and not being genetic related to the
recipients. While the RCT of Lahtinen and colleagues resulted in a
transient improvement of symptoms after 12 weeks, that of El-Salhy
and colleagues—using the same transplant dose (30 g)—resulted in a
lasting effect in most patients at 1 year after FMT.1>*846 |t is difficult
to speculate as to which of the five factors was responsible for the
difference in the outcomes between these two RCTs. However, the
donor's diet in the RCT of El-Salhy et al might have been a major
factor, since dietary modifications and nutritional supplements in-
fluence the intestinal microbiota.*’

The selection of donors in the two RCTs that produced the most
positive effects of FMT in IBS patients was based either on clini-
cal efficacy in a pilot trial or on the donor's specific characteristics
associated with a favorable microbiota signature.iS’19 The later ap-
proach is to be preferred, since accumulating data on the microbiota
signature of the effective (super) donors would make it possible to
standardize FMT and construct feces banks in order to develop a tai-
lored microbial consortia.*® This would also allow the identification
of the beneficial microbiota of the donors and their probable recon-
stitution in the Iaboratory.48 To identify the presence of a favorable
signature in a donor, their bacterial profile should be compared with
that of healthy subjects.

Donor-recipient compatibility should also be considered when a
donor is selected for FMT, in terms of the gut microbiota, immune
profile, and genetic composition, since these factors may affect the
clinical outcome.?* It is worthy of note that in the successful RCTs of
FMT for IBS male donors were used,*>*% whether the sex of the
donor plays a role in the outcome of FMT for IBS patients remains
to be determined.

3 | PATIENT SELECTION

The patients included in the FMT RCTs in IBS fulfilled the Rome Il
criteria for the diagnosis of IBS, with the exception of those in the
RCT of El-Salhy et al fulfilling the Rome IV criteria.***? Patients with
IBS-D and IBS-M were investigated in four of the RCTs, 13161819
and those with IBS-D, IBS-C, and IBS-M were included in the other
three.2**>7 Furthermore, different subsets of IBS patients were in-
cluded in three RCTs.*>”% The patients included in the RCT of El-
Salhy et al had undergone a 12-hour classroom course of “living with
IBS” lasting 2 days, which resulted in slight symptom improvement.
They also had moderate-to-severe IBS symptoms despite adhering
to a diet consistent with the NICE (National Institute for Health and
Care Excellence)-modified diet for at least 3 months.*® Only IBS pa-
tients with low amounts of fecal butyrate-producing bacteria were

included in the RCT of Holster et al.'” Refractory IBS patients with
severe bloating who had failed to respond to at least three conven-
tional therapies for IBS were included in the study of Holvoet et al¥?
Such restriction to subsets of IBS patients indicates the need for
caution when attempting to draw general conclusions from these
RCTs that apply to the entire IBS population.

4 | DOSAGE, ROUTE OF ADMINISTRATION,
AND FORM OF THE FECAL TRANSPLANT

Increasing the dose of the fecal transplant from 30 g to 60 g in-
creased the response to FMT in IBS patients, suggesting the pres-
ence of a dose-dependent response similar to that described
previously in Clostridium difficile infection (CDI), where using >50 g
of feces resulted in a higher efficacy rate (Figure 3).2>*° Moreover,
70% of the patients that did not respond to a 30-g fecal transplant
responded when they received a 60-g fecal transplant (Figure 4).50
Five of the FMT RCTs for IBS used a dose of at least 30 g.13:1>17:18
For two studies, the dose was either lower than 30 g or not speci-
fied.'*¥ The efficacy of single versus repeated transplantation re-
quires further investigation.

Administering the fecal transplant to either the small or large
intestine seems to be effective.r®*>17% However, the placebo ef-
fect was higher in patients who received the fecal transplant into
the large intestine via the working channel of a colonoscope (43%-
44%) than in those received the fecal transplant into the small intes-
tine via the working channel of a gastroscope or a nasojejunal probe
(23.6%-26%).13151719 The higher placebo response in those studies
that used colonoscopy to administer the fecal transplant could be
explained by the procedure itself, since colonoscopy requires bowel
preparation and is often painful and takes more time than when
using a gastroscope or nasojejunal probe, and the bowel cleansing
required for colonoscopy has a positive effect on IBS symptoms.>*
Whether there is a difference in the efficacy of FMT administered
to the small or large intestine remains to be determined in future
studies.

Administering a fecal transplant via capsules was not effective
in IBS.2 This is unfortunate given the ease of administration
using this method and it being more acceptable to the patients. The
lack of response in the RCTs that used capsules to administer donor
fecal transplants could be due to other factors, such as the selected
donors, a low transplant dose, and/or pooling of the donors.}*¢
The capsule administration route for fecal transplants has been
successful in CDI. * Further studies exploring the effectiveness of
administrating fecal transplant in capsule form to IBS patients are
needed.

Frozen feces samples of donors appear to be effective in FMT
for IBS, with storage at either -80°C or -20°C being equally effi-
cacious.}315:18:52:54 This observation avoids the logistical problems
associated with using fresh donor’ feces and facilitates the use of
FMT in the clinic. Moreover, it makes it possible to establish feces
banks for the routine clinical use of FMT.
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FIGURE 3 Responses of IBS patients
to placebo, 30-g FMT and 60-g FMT at
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—_ tablish whether these new attacks were causally connected to FMT.
8 500- FMT30g FMT 60 g Two patients were recently reported to have developed serious
'& adverse events after FMT for other indications than IBS, which re-
8 400- sulted in one fatality.>>>® These events have started a discussion
é -|- about safety issues around FMT for IBS, especially considering that
o 300 IBS is a benign gastrointestinal condition.*®°”°® The two patients
8 involved in these events were immunosuppressed 69 and 73 years
2 200 old with advanced liver cirrhosis and myelodysplastic syndrome.
g They received fecal capsules derived from a donor who had an
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FIGURE 4 The IBS-SSS total score of patients who did not
respond to a 30-g transplant and received a 60-g transplant at
3-4 months after the first transplant. *p < 0.05 compared to
baseline. Reproduced from El-Salhy et al*® with permission from
the authors and publisher.

5 | SAFETY ISSUES OF FMT FOR IBS

The adverse events reported in FMT for IBS patients after a 1-year
observation time are summarized in Table 1. These adverse events
were mild, self-limiting, and only occurred during the first few days
after FMT. Patients treated with FMT experienced more adverse
events in the form of abdominal pain, cramping, tenderness, diar-
rhea, and constipation than did those in the placebo group (Table 1).
Moreover, a 52-year-old man and a 55-year-old woman developed
diverticulitis at 2 and 3 months after FMT, respectively. However,
these two patients had known diverticulosis and experienced

mune deficiency, treatment with immune-modulating medication, or

severe illness in order to further reduce the risks.>®

6 | POSSIBLE MECHANISMS UNDERLYING
THE EFFECTS OF FMT

While it is too early to definitively identify the mechanisms under-
lying the positive effects of FMT, several observations have been
made that may shed light on such mechanisms. The fecal levels
of total short-chain fatty acids (SCFAs) increased in IBS patients
after 1 month and remained elevated at 1 year following FMT. 4657
SCFAs regulate intestinal motility and the secretion and absorp-
tion of water and electrolytes.®®%! These effects of SCFAs seem
to be caused by increasing the secretion and up-regulating the

Y,62'63

gene expression of peptide Y which is a mediator of the ileal

brake that stimulates the absorption of water and electrolytes in

the large intestine.80:64:6

The fecal level of the SCFA butyric acid was increased in IBS pa-

tients after 1 month and remained elevated at 1 year after FMT.4¢>7
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TABLE 1 Adverse events reported following fecal microbiota transplantation (FMT) in patients with irritable bowel syndrome

Bloating/

Nausea Abdominal pain Diarrhea Constipation flatulence Diverticulitis
Study Placebo FMT  Placebo FMT  Placebo FMT  Placebo FMT Placebo FMT Placebo FMT
Johnsen et al (2018)* 0 0 7 2 0 0 © 0 0 0 0 0
Halkjeer et al (2018)** 27 35 19 27 0 23* 0 12 4 19 0 0
Holster et al (2019)" 25 0 38 38 25 25 0 13 38 38 0 0
Aroniadis et al (2019)* 8 4 10 8 17 0 0 0 0
El-Salhy et al (2020)° 16 16 0 20%%* 24* 2 20+ 0 2
Lahtinen 0 0 0 0 17 0 0 13 0 0

et al (2020)'854

Note: Values are percentages.
*p < 0.05,; ***p < 0.001 compared to placebo.
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FIGURE 5 Correlation between butyric acid levels and IBs-SSS
total scores (A) and FAS total score (B). Reproduced from El-Salhy

et al®? with permission from the authors and publisher.

This increase could be explained by the increased levels of butyrate-
producing Eubacterium and Lactobacillus spp.>>%” Butyrate is an
important source of energy for colonic epithelial cells, and it affects
the immune response, modulates the oxidative stress of the host,
and decreases intestinal-cell permeability and intestinal motility.5>%4
Moreover, butyrate modulates colonic hypersensitivity, and treat-
ment with butyrate reduces abdominal pain in patients with 1BS.6870
Interestingly, following FMT in IBS patients, the levels of butyric acid

were found to be correlated inversely with the total score of both

the IBS-symptom severity system (IBS-SSS) and Fatigue Assessment
Scale (FAS) (Figure 5).

Increased levels of the branched SCFAs isobutyric and isovaleric
acids were observed in IBS patients at 1 year of FMT, suggesting
a shift in microbial fermentation from a saccharolytic to a proteo-
lytic pattern, which might be of pathophysiological relevance.**"*
Moreover, the level of the straight SCFA acetic acid decreased sig-
nificantly at 1 year after FMT,*® which could be important given that

acetic acid induces visceral hypersensitivity in rodents.”?

7 | CONCLUSION AND PERSPECTIVE

FMT appears to be a promising treatment for IBS. The outcome of
FMT is donor-dependent, indicating the need for care when select-
ing donors. Clinical criteria that are associated with a favorable mi-
crobiota signature have been proposed. However, it is not yet clear
whether some of these criteria are more important than others or
whether all of the criteria should be satisfied in an effective (super)
donor. Future studies should test the reliability of these criteria
and also compare the microbial signatures between the donor and
healthy subjects.

The dose of the fecal transplant is important to the effi-
cacy of FMT, with doses lower than 30 g not showing any effect.
Administering the fecal transplant to either the small or large intes-
tine is effective, but further studies are needed to establish which
route is optimal. Whether the effectiveness differs between single

and repeated FMT also remains to be determined.
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