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Structured summary

Background. Faecal microbiota transplantation (FMT) is effective for
Clostridium difficile infections (CDI) refractory to standard treatment, and is
being studied’in other diseases. Aims: We evaluated donor characteristics,
procedures and clinical outcomes of FMT. Methods: We systematically
reviewed FMT studies published up to 29 August 2018 using MEDLINE (R)
and EMBASE and identified clinical studies with FMT donor information. We
reported data on donor characteristics, screening criteria, administration, clinical

outcomes and adverse events. Results: Amongst 5,267 reports, 239 full-text
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articles were screened and 168 articles were included. FMT was performed
commonly for CDI (n=108) and inflammatory bowel disease (IBD) (n=31). We
reported characteristics of 1,513 donors [58% male; mean age, 34.3 years; mean
body mass index, 21.6]. Donor in Asia were younger than the West (mean age
30.7 versus32.9, p=0.00075). Less than 50% of studies screened donor for
transmittable pathogens. Final cure rate for CDI was 95.6% [95% confidence
interval (C1),93.9%-97.1%] and final remission rates for ulcerative colitis (UC)
and Crohn’s disease (CD) were 39.6% (95% Cl, 25.4%-54.6%) and 47.5% (95%
Cl, 29.4%-65.8%), respectively. Cure rates in CDI and final remission rates for
CD and'UC were comparable across all routes of FMT administration. Overall
adversesevent incidence was <1%, mostly Gl-related. Adverse events rates did
not differ between routes of FMT administration or indication. Conclusions: In
a systematic review assessing donor characteristics and FMT efficacy, we
observed _heterogeneity in donor selection, application and outcomes of FMT.
These data can facilitate standardization of FMT protocols for various diseases.

Keyworgds:donor; recipient; clostridium difficile; inflammatory bowel disease
Introduction

Faecal'Microbiota Transplantation (FMT) involves the engraftment of the gut
microbiotarof healthy individuals into diseased recipients to reconstitute a
normal intestinal microbial composition. It is currently been used to treat
recurrent and refractory Clostridium difficile infections worldwide (CDI)'?. There
is also increasing investigation into other conditions such as inflammatory bowel
disease (IBD), irritable bowel syndrome, obesity, acute graft-versus-host
diseasessand-autism®”. The United States Food and Drug Administration has
approvedithat.investigational new drug (IND) application is not required for the
use ofsEMT=for treatment of recurrent CDI but except for stool banks distributing
stool to physicians®. Recent frameworks have promoted the need of easy
access for patients to FMT as well as efficacy and safety data for regulators and
providers. However, research in FMT beyond the indication of CDI remains

limited®.

Importantly, standardized FMT procedures are lacking, particularly on donor
characteristics and selection. Although International recommendations exist for
FMT, they are rarely implemented rigorously in practice’®. Several meta-
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analyses have reported data on the efficacy and safety of FMT for CDI but few
have analysed donor characteristics or microbial profile®''"'®. Even widely used
protocols have highly variable donor selection methods which are mostly limited
to screening for infections and co-morbidities' . We performed a systematic
reviewsof-allFFMT clinical studies without language restriction up to 29th August
2018. This review comprehensively examined donor characteristics and
screening protocols as well as FMT procedures and outcomes.

Methods

Data Sources and Searches

This systematic review followed the PRISMA 2009 guidelines. Search terms
related or synonymous to FMT were utilized on OvidSP: MEDINE (R) (1946 to
Present) and EMBASE (1910 to Present) up to 29" August, 2018. All identified
papers were catalogued using EndNote X7. Detailed search strategies are
outlined’in Appendix 1.

Study selection

We included original studies containing donor information and fulfilling pre-
defined inelusion and exclusion criteria. Systematic reviews, meta-analyses,
conference presentations, letters or correspondences were excluded. Non-
English reports were evaluated using Google Translate or members proficient in
that language. In the first selection round, three reviewers (F.H.C, C.Y.L, C.Y.S.)
independently catalogued all papers using predefined criteria, with inter-
reviewer.cross-checking. In the second phase, full texts of all identified reports
were reviewed for suitability of inclusion. Disagreements were resolved by

consensus:with reviewers W.T and S.C.N.

Data Extraction and Quality Assessment

Extracted data was catalogued into variables under publication information
(main author's name, publication year, study period/type), donor clinical
characteristics (population, age, gender, donor-patient relationship), donor
exclusion criteria and screening tests, FMT delivery methods (pre-medications,
bowel lavage, FMT material mass/route/preparation), outcomes and adverse
events (AE). Furthermore, we emailed all 168 corresponding authors to clarify
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any uncertainties or missing data. 46 authors responded (27%) and 24 provided

additional information.

Paper qualities were rated using the US National Heart, Lung and Blood
Institute quality assessment tool for controlled intervention studies,
observational cohort/cross-sectional studies, before-after (pre-post) studies with
no control group, or case series, whichever was appropriate for the study type
concerned®. For assessment of follow-up duration, 3 months or 90 days was
selected.as the cut-off for adequate follow-up period. Appendix 2 shows quality

assessments/of individual papers.

Data synthesis and analysis

Data were stratified by continent of study or main disease indicating FMT, with
descriptive statistics including percentages and central tendencies. P-values for
FMT remission rates were calculated with the meta-analysis process described
below; otherwise, p-values were obtained via Student’s t-test, based on pooled
individual patient data. For each variable, only studies with available data were
analysed; the number involved is indicated in the tables. Studies containing
multiple patient groups with distinct conditions or geographic origin were split

into two components.

Data on donor clinical characteristics, exclusion criteria, screening tests and
FMT delivery were pooled by study location; those involving populations from
different.continents were designated “multi-continent”. Where unspecified,
patient/donorspopulations were assumed to originate from the locality of the
main author’s institution. Studies with ambiguous or absent screening criteria
were not analysed; for those listing selective criteria, unmentioned tests were
considered as. not performed. Studies referencing protocols from previous

papers were assumed to have identical screening criteria.

Data on outcomes and AEs were pooled by main disease under study and route
of FMT administration. FMT route was designated as upper Gl for
administrations by nasogastric/nasojejunal tube, esophagogastroduodenoscopy

or oral capsule; those using colonoscopy or enema were lower Gl, with the
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remainder using mixed or unknown approaches.

Primary cure rate was defined as cure after a single FMT. Final cure rate was
defined as the rate of cure after multiple FMTs. For studies with multiple FMT
infusions;ifiit'was intended as a single, multi-dose regimen, it was counted as 1
FMT; otherwise it would be counted as separate FMTs. In these cases, primary
outcomes may be assessed on multiple occasions. For the purpose of our
analysisy primary cure/remission rate (i.e. cure after 1 FMT) was calculated
based on.the,first assessment which is the initial assessment after 15 FMT for
all studies while final cure rate (i.e. cure after multiple FMT) was calculated
based ofn the last assessment. A meta-analysis with pooled-proportions was
performed for cure/remission rates in CDI, UC and CD studies. The Freeman-
Tukey (double arcsine) transformation method and random effect model were
used. The.cure/remission rates were calculated using population remaining at
primary outcome assessment; where participants were excluded from per-
protocolanalysis but still reported data from follow-up (e.g. by telephone
interview), initial patient populations were used instead. Cure/remission rate
was compared between different route of FMT in CDI, UC and CD using Wald-
type test..All'meta-analyses were performed in R version 3.4.1 using the

“metafor” package.

Mean follow-up period and number of individual FMTs performed per patient
were calculated as weighted mean by dividing the total follow-up period and
total numberof FMTs by the total number of patients across studies, using initial
patientspopulations to account for participant attrition during follow-up. AEs
were grouped by systems, and means were calculated by dividing the total
number of patient having the specific AE by the total number of patients across
studies.” Those obviously or stated to be irrelevant — e.g. fall and hip fracture —
were not analysed. Finally, we excluded from analysis studies with

indeterminatesfrequencies for each AE; e.g. those giving total AE number only.

Results
5,267 records in total were identified from both databases, and 3803 remained

after removal of duplicates by OvidSP. Of 239 papers remaining after screening,
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40 were duplicates, and 31 were excluded after full-text review (Figure 1). 168
papers were ultimately included: 82 were from North America, 43 from Europe,
32 Asia, 4 Australia, 1 South America, 1 Africa and 5 were multi-continental.
Countries that contributed most papers were the United States (U.S.) (n=68),
China®(n=22); Canada (n=10), and the Netherlands (n=8). The total patient
population across all studies was 5,958, with patient populations of individual
studies ranging from 2 to 462. 20 studies were randomized controlled trials,
whilst the rest were uncontrolled studies. Publications relating to FMT have
increased, yearly: 17 papers were published in 2014, 24 in 2015, 36 in 2016 and
37 in 2017.

Indications for FMT

FMT was performed most frequently for CDI (n=108; 64.3%): 75 studies
involved recurrent CDI, 26 involved refractory and recurrent CDI, and seven
included subjects with concurrent IBD, transplant recipients or
immunocoempromised. The second commonest indication for FMT was IBD
(n=31; 18.5%), of which 71.0% (n=22) involved ulcerative colitis. Other
miscellaneous studies investigated slow transit constipation (n=6), IBS (n=3),
and carriage of antibiotic-resistant bacteria (n=2). Appendix 3 shows the study

characteristics based on FMT indication.

Donor characteristics

117 studies including one study divided into two components provided specified
characteristics of 1,513 FMT donors and 3,097 patients, with a donor-to-patient
ratio of 1:2.0. 55 studies (33%) reported the gender of 485 donors, of which 58%
were males=38 papers (22.8%) reported the age of 325 donors; mean donor
age was 34.3 years (range, 5-94). Asian studies had younger donors than
Western'studies (mean age, 30.7 versus 32.9, p=0.00075).

Only nine studies (5%) reported donor BMI; most accepted BMIs between 18.5
and 30, and the mean was 21.5. 100 studies reported donor-patient
relationships for 1318 donors, of which 80% used unrelated donors. Overall,
22% of donors were first-degree relatives, 2% second-degree relatives, and
72% universal (i.e. unrelated) donors — of this last group, 13% were spouses or
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partners of recipients, while 17% were non-specified family or household
members. Table 1 summarizes donor characteristics across 167 studies, with

data for each continent in Appendix 4.

Donor'selection

148 studies (88%) including 2 studies split into 2 components each reported 91
different exclusion criteria for donor selection based on medical history,
categorized into personal (6), blood-borne disease risk (10), medication (18), Gl
diseases(15), immune diseases (4), metabolic diseases (3), cancers (2),
infection\(14)s and others (19). Criteria varied substantially. Recent antibiotic use
was theimaost frequent exclusion criterion (94%), but only utilized in 83% of

European studies.

The most.frequent exclusion criteria besides antibiotics involved Gl diseases:
irritable bowel syndrome (71%), IBD (70%), constipation (65%), diarrhoea
(63%), communicable Gl diseases (57%), Gl surgery (57%), recent travel to
high-risk/diarrhoea-endemic areas (53%), malignancy (62%), or systemic
autoimmunity (51%). Other common exclusion criteria concerned exposure-risk
to blood orbody fluid-borne pathogens: high-risk sex/behaviour (51%), tattoos
or piercings (42%), HIV/viral hepatitis exposure (39%) etc. However, less than
50% studies excluded other significant diseases like metabolic syndrome (41%),
polyposis (32%), variant Creutzfeldt-Jakob disease risk (30%),
psychiatric/neurological iliness (29%), or diabetes mellitus (20%).

Some.studies.excluded donors if they met exclusion criteria within a timeframe
beforessecreening. Three months was the commonest duration for antibiotics use
(47% of all'studies), hospitalization (7%), immunosuppressive drugs (5%) and
probioti¢s(3%). Six months was most frequent for travel history to high-risk
areas(16%) or tattoos/piercings (14%), while 12 months was commonest for
HIV/viral hepatitis exposure (9%), high-risk sex or behaviour (8%), blood product
reception (7%), incarceration (6%), and needle-stick injury (5%). Finally, 4% of
studies excluded donors who, within the last five days, ingested substances the
FMT recipients were allergic to. Most studies omitted timeframes for exclusion
criteria other than tattoos/piercings and antibiotics use.
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Several studies excluded donors with family histories of malignancy (11%), IBD
(9%), systemic autoimmunity (1%) or family members with current non-specified
communicable Gl disease (1%). The most common BMI and age requirements
were €80%20%) and >18 or <60 years (3%) respectively. Table 2 presents the
more popularidonor exclusion criteria among 148 studies, with all exclusion
criteria sorted by continents in Appendix 5 and 6.

Donor screening tests

159 papers.including 3 papers split into 2 components each described 48
different'stool tests and 53 different blood tests. Most popular stool tests
included C. difficile toxins (95%), parasites/ova (94%), Salmonella (53%),
Shigella (53%), Campylobacter (53%) and Cryptosporidium (52%). Other
pathogens.were screened in less than 50% of studies, including Giardia (49%),
general enteric pathogen screen (48%), Yersinia (42%), E. Coli 0157 (38%) and
H. pylori(32%).

The most frequent blood tests were human immunodeficiency virus (HIV) (98%),
hepatitis Gwirus (98%), hepatitis B virus (98%), hepatitis A virus (86%) and
syphilis (84%). Other pathogens were screened in less than one-third of studies,
e.g. cytemegalovirus (CMV) (31%), human T-lymphotropic virus (28%), Epstein-
Barr virus (EBV) (28%). Full blood count (27%), liver enzymes (27%), C-reactive
protein (18%), and renal function tests (11%) were also commonly tested. Fewer
Asian studies.screened vancomycin-resistant enterococci (VRE) (6% vs 28%)
and Giardia (28% vs 58%) than North American studies, whereas fewer North
Americansstudies screened CMV (14% vs 53%) and EBV (11% vs 55%) than
European studies. Table 3 shows the more popular screening tests among 159
studies,"with"all tests sorted by continents in Appendix 7.

Donor material and delivery methods

168 studies were analysed. 85% studies described stool preparations; 63% of
these used fresh stool, 27% frozen, 10% used a mix of fresh and frozen stool.
The infused mass ranged from 25¢g to 300g. Only 17% and 42% of studies used
This article is protected by copyright. All rights reserved



proton-pump inhibitors (PPI) and antibiotics respectively as pre-medication. Of
10 different administration routes reported, colonoscopy was the commonest
(30.4%), followed by mixed routes (25.6%) and nasogastric/nasoduodenal tube
(6.6% each). The commonest single infusion site was the terminal ileum/cecum
(17.9%), while 15.5% used multiple infusion sites including jejunum/colon,
stomach/small intestine, or colon/terminal ileum. Asian studies preferred upper
Gl routes of administration (58.6% vs 20.7% for lower Gl), whilst North American
studies favoured the lower Gl route (41.0% vs 23.9% for upper Gl); European
studies showed less preference, as 45.2% used upper Gl while 40.5% used

lower Gl.,,Appendix 8 summarizes FMT procedures for each continent.

Clinical Outcomes

For CDI, 132 studies involving 4,609 patients were analysed, yielding a primary
cure rate 0f 87.7% (95% Cl, 84.4%-90.7%), and the final cure rate was 95.6%
(95% CI;,93.9%-97.1%). Patients underwent a mean of 1.20 FMTs (range,1-6),
with a mean-follow-up of 7.7 months (range, 0-364). Some studies listed follow-
ups of 0'maonths with data on outcomes but without further explanation. Cure
rates 'were both comparable between all routes of FMT administration for both
primary and-final cure rates. We also analysed 29 UC studies and 10 CD
studies, involving 545 and 115 patients respectively. For UC, the primary
remission rate was 34.0% (95% Cl: 21.3%-47.8%) and the final remission rate
was 39.6% (95% Cl, 25.4%-54.6%); while that for CD was 52.3% (95% Cl,
33.5%-70.8%) and 47.5% (95% Cl, 29.4%-65.8%) respectively. UC patients
received.a.mean of 7.02 of FMTs (range, 1-41), with a mean follow-up of 7.8
months (range, 1-66); the high number of FMTs was due to several studies with
multi-EMT.design. CD patients received a mean of 1.01 FMTs (range, 1-2), with
a mean follow:up of 6.1 months (range, 1-15). FMT by upper Gl route had
higher primary remission rate than that by mixed routes of administration for
both CD«(66.3% vs 27.1%, p = 0.012) and UC (43.3% vs 12.8%, p = 0.047). No
study reported using lower Gl route alone in CD. Final remission rates were
comparable across all FMT administration routes in both CD and UC. Studies
for other conditions showed variable success ranging from 33% to 100%. Table

4 shows clinical outcomes in CDI and IBD studies
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Adverse events (AES)

135 studies reported AEs for 4,493 patients, of which 36 studies experienced no
AEs. The commonest AEs were related to the gastrointestinal system including
diarrhoea (13.0%), abdominal distention/flatulence (11.6%), nausea/ vomiting
(6.1%)y"abdominal pain (5.5%) and constipation (2.1%). Other common AEs
included fever (2.7%), respiratory difficulty (2.4%), headache (1.5%) and fatigue
(1.4%). "1.3% patients also experienced IBD flares or IBD-like symptoms. AE
rates were generally higher in FMT by upper Gl compared to lower Gl or mixed
routes, except for IBD-related AE like IBD flare, colectomy or colitis. 1BD
patients'experienced more fever than CDI (7.9% vs 2.0%, p = 0.011) or patients
with other, miscellaneous conditions (7.9% vs 1.7%, p = 0.0090). Otherwise, AE
rates did not'show significant difference between routes of FMT administration
or disease indicating FMT. Table 5 shows rates of commoner AEs for all
patients, while Appendix 12 shows rates of all AEs sorted by disease and route
of FMT administration.

Discussion

To ourknowledge, this systematic review of 168 FMT clinical studies offers the
most comprehensive and updated insight into current global FMT practice. FMT
protocols, specifically donor selection and testing varied substantially with
geography and indications. FMT studies published has doubled in number over
the past few years with an increasing number of studies from Asia which
suggests global utilization of FMT. Thus a more efficient and standardized FMT
strategy is.essential.

We expanded'on a recent systemic review that assess FMT methodology®' and
included an additional 78 FMT studies with detailed donor characteristics. We
also contacted corresponding authors for clarification of data. Most studies
preferred'male donors whereas females may be frequently excluded for
functional Gikdisorders including irritable bowel syndrome®. Males were more
likely to provide larger stool mass. Most donors were in their early thirties, as co-
morbidities and chronic medication — including antibiotics — render older
population unsuitable donors. Intestinal microbiomes in children may be
underdeveloped and hence less biodiverse, possibly explaining the lack of child
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donors to date, but this requires further investigation®.

Animal studies have shown microbiota from obese mice increases adiposity in
recipient mice®*, but only small proportion of FMT studies have reported donor
BMI, and"seme recruited donors with BMI exceeding 30°*2, Among studies that
did not report the BMI of donors, three recipients had weight gain after FMT3%34,
although the cause for this is unclear. Most studies recruited unrelated donors,
as relatives may acquire similar dysbiosis through common environmental

exposures with the recipient®.

Strikingly, we found that exclusion criteria and screening tests were
heterogeneous and largely incomplete in over 50% of studies®. Most North
American studies adopted questionnaires by Bakken et al'” or AABB'®, which
focuses on.specific viruses and parasites but less on enteric pathogens, CMV or
EBV. Giardia is the commonest intestinal parasite in the USA®®, whereas EBV-
associatedrdiseases, such as nasopharyngeal carcinoma or Burkitt’s lymphoma
are less'endemic®®®’. European studies screened less for antibiotic use, drug
abuse, Gl surgery, immune or neurological diseases®“° than North American or
Asian studies. Asian studies mostly focused on the exclusion of locally endemic

enteric pathogens®”**

, or the use of immunosuppressant and chemotherapy
drugs, while placing less emphasis on viral or parasite screening. Screening
was suboptimal for comorbidities, including diabetes mellitus*®, or drugs that can
alter the microbiome like PPI*?; less than one-third of studies screened H. pylori
and antibietie-resistant organisms like MRSA and VRE, which may pose a
potentialrisk.of resistant strains if such organisms undergo horizontal gene
transfer inwrecipients*’. The cut-off period for medication use in donors was
mostly 3'months*®, while that for risk of sexually-transmitted or blood-borne
diseases'was 12 months to minimize risk of asymptomatic carriage or

incubation®®>°

, in line with recommendations of a recent FMT consensus for HIV
and viral hepatitis®. Though certain bacteria (e.g. Bifidobacteria) can engraft for
up to six months®', few studies specified cut-off periods for probiotic use. It is
advisable to include a minimum screening panel for which donors must
absolutely be excluded, e.g. along the lines proposed by recent consensus
reports®.
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Current donor selection protocols mostly target known diseases for exclusion,

2. Recent

while selection criteria for “ideal” donor remains under developmen
studies show that besides clinical factors, stool microbiome changes, e.g.
bacteriophages, may be transferable and affect treatment outcome®.
Recruitment of donors for FMT is challenging with only a small percentage
ultimately accepted as donors®'. Pooling stool from universal donors with
standard screening protocols, for example in stool banks, may improve
efficiencysand cost-effectiveness, and multi-donor transplants may be
associated with higher microbial diversity®. FMT administration was variable,
with fresh stool more commonly used than frozen stool®>. Though freezing
presented potential opportunities for storage of stool from universal donors, only
nine studies explicitly mentioned doing so; similarly, only three studies utilized
pooled, multi-donor stool for FMT so comparison of efficacy between single
versus pooled donors FMT was not possible. Colonoscopy route and faecal
enema weresost commonly used to administer transplant®, especially for large
bowel diseases. FMT oral capsules were utilized in six studies, most of which
were indicated for CDI.

Our final cure rate in FMT for CDI is consistent with that of other studies'*, but
remission rates for IBD was more variable, possibly due to chronic, complex
host immunity-microbiota interactions. This highlights the potential of donor-
dependent efficacy of FMT in IBD?’. Despite geographic variations, success
rates acress.continents and route of FMT administration were comparable. The
apparently. higher primary remission rates in studies utilizing upper Gl FMT as
opposed+to-EMT by mixed routes may be an indirect result of studies changing
the FMT route after failing the first FMT, hence their being designated as
“mixed”"route. Moreover, definitions of “response” as opposed to “remission”
varied-widely, and as most studies tended to experience patient relapses during
follow-up, rémission rates may decline in those with longer follow-ups®.

Whether FMT success is dose-dependent remains to be determined.

AEs were infrequent and mostly self-limiting usually lasting for a few days after
FMT®®. Procedural complications were also rare, and the few fatalities occurred
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in patients with serious co-morbidities, thus FMT is unlikely to be a significant
factor. IBD flares post-FMT (1.3%), along with more frequent fevers in IBD
patients, may be a result of microbial irritation of the hyperactive mucosa, or
secondary to withdrawal of immunosuppressant to fulfil clinical trial protocol®®.
Long-termsafety of FMT remains undetermined, as complications require longer
follow up duration to develop. Currently the American Gastroenterology
Association has developed the first and largest FMT registry to track several
thousands of FMT for up to 10 years. Moreover, most studies lack comparator
arms to assess frequency and type of AEs; and AEs from single case reports
and letters tothe editor were excluded from our systematic review.
Nevertheless,it is to date reassuring to observe FMT has few directly

attributable AEs.

Our study has some limitations. First, it contains reports from only 27 countries,
and most studies were from USA with underrepresentation of studies from
developing-eountries. In addition, reports from one region may generate
publication‘bias, for example, Nanjing contributes 16 of 22 Chinese FMT
studies.. Thirdly, definitions of response from clinical studies were variable and
lastly, mostsstudies were descriptive and uncontrolled, and few included data on
donor’s clinical profile. Hence, a meta-analysis to derive clear correlations
between,donor characteristics, screening processes and clinical outcomes was
not possible. IBD studies were also smaller in number and patient sample size

than CDI studies, further constraining the range of analyses possible.

This review,.to our knowledge, is the most comprehensive and up-to-date data
on FMT procedures and applications for all indications. Previous systematic
reviews ‘and meta-analyses evaluated FMT’s efficacy or safety’*' but did not
provide details of donors and screening characteristics. We demonstrated
variability in donor selection protocols. Future consensus on crucial elements in
donor selection, stool processing, and administration method is important in the
application of FMT, with at least a minimum panel of screening criteria to
improve FMT safety. Ultimately, well-designed clinical trials that assessed
donor characteristics and disease outcomes are needed to further elucidate
donor effects on FMT outcome.
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Figures legends: (see separate file)

Figure 1: Flowchart of study selection

Table 1: Clinical characteristics of donors reported across 117 studies
Table"2; Criteria for donor exclusion reported across 148 studies
Table 3: Donor screening tests across 159 studies

Table 4. Outcomes for CDI and IBD studies (Pooled data)

Table 5% Adverse events across 135 studies

Supplementary material: (see separate file)

Appendix 1: Inclusion and exclusion criteria, and detailed OvidSP search
strategy for article selection (up to 29/08/2018)

Appendix 2a: Quality assessment of controlled, interventional studies
Appendix=2b» Quality assessment of pre-post studies with no control group
Appendix=2ex Quality assessment of cohort studies

Appendix 2d; Quality assessment of case series

Appendix 3: Publication information of manuscripts sorted by main disease of
study

Appendix 4: Donor characteristics of 117 studies, sorted by continents
Appendix 5: Donor exclusion criteria of 148 studies, sorted by continents
Appendix 6: Specification of selected exclusion criteria in 148 studies, sorted
by continents

Appendix, Z#Donor screening tests of 159 studies, sorted by disease under
study

Appendix 8. FMT delivery methods of 168 studies, sorted by continents
Appendix 9: Outcomes of FMT for 132 CDI studies, sorted by route of FMT
administration .and type of CDI

Appendix 101 Outcomes of FMT for 10 CD studies, sorted by route of FMT
administration

Appendix 11: Outcomes of FMT for 29 UC studies, sorted by route of FMT
administration

Appendix 12: Adverse event rates in 135 studies, sorted by disease of study

and route of FMT administration
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Appendix 13: PRISMA checklist
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Table 1: Clinical characteristics of donors reported across 117 studies

Characteristics of donor, N=1504 Results

Male, N (%) 485 (58.35)
Donor‘age;"mean (range, years) 34.25 (5-94)
Donor BMI, mean (range) 21.55 (13.3-37.2)
Donor relationship to recipient, n (%)

First degree 286 (21.70)
Second degree 28 (2.12)
Universal 943 (71.55)

Table 2: Criteria for donor exclusion reported across 148 studies

Donor exclusion criteria

Studies, N (%); N=148

Recent travelito high risk or diarrhoea-endemic areas 53.4 (79)
Recenthospitalization 23.7 (35)
Incarceration 36.5 (54)
Hospital'or‘healthcare workers 7.4 (11)
Exposure to HIV or viral hepatitis 39.2 (58)
High risk sex or behaviours 51.4 (76)
Needle-stick injury 17.6 (26)
Receptionrofiblood products 21.6 (32)
Vaccinations 8.8 (13)
Tattoos.or piercings 41.9 (62)

Grafts or transplant reception

Recent antibiotics 93.9 (139)
Probiotics 10.8 (16)
Laxatives 12.8 (19)
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Antineoplastic drugs 31.8 (47)
Immunosuppressive drugs (calcineurin inhibitors,

o 43.9 (65)
exogenous glucocorticoids etc.)
Chronic ongoing medication 14.9 (22)
Over the counter aids for digestion 12.2 (18)
Drug abuse/illicit drugs 39.9 (59)
PPI 3.4 (5)

Systemic autoimmunity (multiple sclerosis, connective

Communicable diseases 57.4 (85)
Gl surgery«(e.g. gastric bypass) 56.8 (84)
Gl morbidities in general 54.7 (81)
Chronic diarrhoea 62.8 (93)
Chronic constipation 64.9 (96)
IBS andassociated symptoms 71.0 (105)
IBD 69.6 (103)
Indications of liver disease 4.1 (6)

Gl endoscopy history 3.4 (5)

. : 51.4 (76)
tissue disease etc.)
Allergy or atopy of the donor (asthma, eczema etc.) 36.5 (54)
Chronic paimsyndromes (fibromyalgia, chronic fatigue

p Y ( yal J 29.7 (44)
syndrome)
Ingestion of recipient's allergen 22.3 (33)

Malignancy

Metabolic syndrome (obesity, poor OGTT etc.) 40.5 (60)
DM 20.3 (30)
BMI requirements 32.4 (48)

Polyposis

Malaria
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Babesiosis 4.7 (7)
Chagas disease 4.7 (7)
Smallpox contact 4.1 (6)

Variant Creutzfeldt-Jakob disease risk 30.4 (45)
Psychiatric orineurological illness 29.1 (43)
Age requirement 12.2 (18)
Hypertension 4.1 (6)
Cardiovascular diseases 3.4 (5)
Pregnanecy 3.4 (9)
Note:

The studies by Cohen N.A. et al (2016) and Fischer M. et al (2017) are split

into 2 as they involve 2 separate medical centres

For thedisted:selective criteria, unmentioned tests were considered as not

performed

Table 3: Donor screening tests across 159 studies

Studies
performing
Screening tests .
screening
tests, %
.
Bacteria C. Difficile 95.0
H. pylori 32.1
Aeromonas 4.4
VRE 20.1
MRSA 13.8
CRE 3.1
Viruses Rotavirus 23.3
Norovirus 22.6
Adenovirus 16.4
Enteric E. Coli O157 38.4
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pathogens Yersinia 41.5
Campylobacter 52.8
Salmonella 53.5
Shigella 53.5
Vibrio 24.5
Listeria 13.2
Enteric pathogens in general 47.8
Parasites Parasites/ova 93.7
Giardia 49.1
Cryptosporidium 51.6
Isospora 30.8
Cyclospora 27.7
Microsporidia 20.1
Dientamoeba fragilis 15.7
Blastocystis hominis 14.5
Helminths 3.8
Setvore Faecal occult blood 3.1
Calprotectin 3.1
I
Bacteria Syphilis (treponema pallidum) 83.7
HIV 98.1
HAV 85.5
HBV 98.1
HCV 98.1
HEV 15.1
— HTLV 27.7
CMV 31.5
EBV 28.3
Herpes Simplex 4.4
Varicella Zoster 4.4
Cysticercus cellulosae 8.8
Strongyloides stercoralis 10.7
Blood analysis | Liver enzymes 27.0
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Full blood count 27.0
C-reactive protein 17.6
Renal function tests (including urea, 107
creatinine)

Albumin 3.8
Lipids 7.6
Electrolytes 5.7
IgA, 19G, IgM profiles 3.1

Fluorescent antinuclear antigen/antibody 6.9
Fasting plasma glucose 4.4
ESR 3.8

Note: studies by Cohen N.A et al (2015), Fischer M. et al (2017 and 2016) are
split into 2 as 2 separate screening protocols were involved for each.

CMV, cytemegalovirus; CRE, carbapenem-resistant Enterobacteriaceae; EBV,
EpsteinBarrvirus; ESBL, extended spectrum beta-lactamase producing
bacteria; ESR, erythrocyte sedimentation rate; HTLV, human T-lymphotropic
virus; MRSA, methicillin-resistant S. aureus; TSH, thyroid-stimulating hormone;
VRE, vancomycin-resistant Enterococci

Table 4:.0utcomes for CDI and IBD studies (Pooled data)

Clinical

Outcomes*
Clostridium difficile infections (CDI)
Total number of study, n 132
Total initial patient population, n 4609
Follow upgmonths (range) 7.7 (0-364)
Primary.cure rate, % (95% Cl) 87.7 (84.4-90.7)
Final cure rate, % (95% ClI) 95.6 (93.9-97.1)
Mean number of FMT per subject, n (range) 1.20 (1 to 6)
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Crohn’s disease (CD)

Total number of study, n

Total initial patient population, n
Follow up, months (range)
Primary‘remission rate, % (95% CI)
Final remission rate, % (95% Cl)

Mean number of FMT per subject, n (range)

10
115
6.1 (1-15)
52.3 (33.5-70.8)
47.5 (29.4-65.8)
1.01 (1-2)

Ulcerative colitis (UC)

Total number of study, n

Total initial patient population, n

Follow up, months (range)

Primary remission rate, % (95% CI)

Final remission rate, % (95% CI)

Mean number of FMT per subject, n (range)

29
545
7.8 (1-66)
34.0 (21.3-47.8)
39.6 (25.4-54.6)
7.02 (1-41)

Note: studiesby Li N. et al (2017) and Oprita R. et al (2016) were split into 2 as
they have separate recurrent CDI and IBD arms.

* Only study‘reporting corresponding outcomes were included

Table 5z Adverse effects across 135 studies

% of total patient
population (N = 4493)

Adverse event

Abdominal pain 5.52
Abdominal distention 11.60
Constipation 2.07
Mild Gl side effects Diarrheal 13.04
Nausea or vomiting 6.05
Non-specified Gl
0.11
symptoms
Fever 2.67
Systemic flu-like
Chills 0.07
signs/symptoms
Headache 1.47
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Fatigue 1.40
Malaise 1.22
Non-specified flu-like
0.09
symptoms
Non-specified infection 0.49
Leakage/intolerance of 0.18
FMT '
Dysphasia 0.18
Respiratory difficulty 2.36
Venting 0.49
Procedure-related
Nasopharyngitis 0.16
Discomfort during tube
) ] 0.24
insertion
Sore throat after tube
] ] 0.91
insertion
Aspiration or
o ] 0.16
aspiration pneumonia
Sedation
0.02
complications
Serious i
Bowel perforation 0.07
Sepsis 0.07
Hospitalization 0.02
Death 0.13
IBD flare, IBD-like
] 1.27
signs/symptoms
Perianal or rectal
0.13
abscess
IBD-related
Proceeded to
0.27
colectomy
Bloody stool 0.16
Colitis 0.38

Note: studies by Li N. et al (2017) and Oprita R. et al (2016) are split into 2 as they have
separate CDI and IBD arms. 2 studies report only total AE number, they were excluded from
analysis as aforementioned. Studies by Lagier J.C. et al (2015) and Vaughn B.P. et al (2016)
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were also excluded from analysis as the number of certain AEs were indeterminable.
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Figure 1: Flowchart of study selection

Identification

| 1t phase ”

5267 records identified
from search of 2
databases

1463 duplicates

L

3804 records selected

3804 records screened

removed by OvidSP

2M phase

239 records selected
for full-text review

3565 records excluded

» 40 duplicates removed

168 records included in
final data analysis

31 records excluded after full-text review:

8 inaccessible full text

5 letters

4 non-clinical studies

4 short surveys/editorials/guidelines
3 studies lacking data on study
design, donors or clinical outcomes
2 reviews

2 utilising samples from other studies
1 single-case report

1 conference abstract

1 performing rectal bacteriotherapy
and without donor information
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