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Abstract:  Faecal microbiota transplantation (FMT) is increasingly used for diseases 
associated with a disrupted intestinal microbiome, mainly Clostridioides difficile infection. 
Encapsulated FMT is a patient-friendly application method that improves accessibility 
and convenience. Capsule processing may be standardised, but validation protocols are 
warranted. This review aimed to describe published validation methods for encapsulated FMT. 
Original studies reporting using encapsulated faecal formulations were included, regardless 
of indication. Studies were excluded if they did not address processing and validation or used 
non-donor-derived content. We conducted a comprehensive scoping review, implementing 
a systematic search strategy in PubMed, Embase and Web of Science. Processing data and 
validation methods were registered during full-text analysis and combined to create an 
overview of approaches for assessing quality in encapsulated FMT processing. The searches 
identified 324 unique studies, of which 44 were included for data extraction and analysis. We 
identified eight validation covariables: donor selection, pre-processing, preservation, oxygen-
sparing processing, microbial count, viability, engraftment and clinical effect outcomes, from 
which we constructed a model for quality assessment of encapsulated FMT that exhaustively 
categorised processing details and validation measures. Our model comprised three domains: 
(1) Processing (donor selection and processing protocol), (2) Content analysis (microbiota 
measures and dose measures) and (3) Clinical effect (engraftment and clinical outcomes). No 
studies presented a reproducible capsule protocol; their validation strategies were sparse and 
divergent. The validation of FMT capsules is heterogeneous, and processing requires relevant 
standardisation protocols, mainly focusing on capsule content. Future studies should report 
validation covariables to enable accurate comparative assessments of clinical effects.

Plain language summary
A comprehensive evaluation of quality aspects to consider when developing encapsulated 
donor faeces for faecal microbiota transplantation

Faecal microbiota transplantation (FMT) is a life-saving therapy, based on the transfer 
of intestinal microbiota from a healthy donor to a patient to treat disease. Encapsulation 
of donor faeces eases the application of FMT, but methods to evaluate the quality of 
encapsulated FMT are not standardised. Based on a systematic literature review, we here 
provide a comprehensive overview of factors that may influence the quality of encapsulated 
FMT. We describe three main domains that together form a model for standardisation: 
1. Processing (donor selection and processing protocol), 2. Content analysis (microbiota 
measures and dose measures) and 3. Clinical effect (engraftment and clinical outcomes). 
These domains may be addressed in future studies that report the use of encapsulated 
FMT.
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Introduction
Faecal microbiota transplantation (FMT) is the 
transfer of intestinal microbiota and metabolites 
from a healthy donor to a recipient suffering from 
diseases due to a compromised intestinal 
microbiome.1

Intestinal microbiota modulation through FMT 
is an effective treatment against Clostridioides dif-
ficile infection (CDI). Since the first randomised 
trial demonstrated an extensive benefit of FMT 
over vancomycin monotherapy for recurrent 
CDI,2 multiple randomised controlled trials,2–8 
cohort studies9–13 and meta-analyses14 have con-
firmed effect rates above 90% and superiority to 
standard antibiotic treatments. Despite this evi-
dence, a European survey from 2021 found that 
less than 10% of patients with recurrent CDI 
received FMT,15 indicating a significant under-
use. The use of FMT is expanding rapidly due to 
emerging evidence of its benefit in treating ulcer-
ative colitis (UC)16 along with its potential in 
experimental indications such as Parkinson’s dis-
ease17,18 and graft-versus-host disease.19,20 The 
current underuse of FMT in CDI and its poten-
tial future demand for new indications necessitate 
improved access and standardised, clinically vali-
dated processing protocols.

Traditional FMT administrations involve direct 
infusion of liquid-suspension faecal material by 
nasoduodenal tube, colonoscopy or enema. 
Encapsulated FMT is a patient-friendly adminis-
tration form with reduced invasiveness,21 
improved feasibility and decreased total costs; 
moreover, it confers effect rates comparable to 
those obtained with other application forms.22 
Accordingly, the use of encapsulated FMT has 
increased in recent years. Still, a standardised 
preparation protocol for encapsulated FMT has 
yet to be published, and there is currently no 
international consensus on the validation of FMT 
capsule preparations.

Validation of the processing methods is a pivotal 
first step in standardising encapsulated FMT 

components, requiring a multifaceted approach 
that comprehensively evaluates the entire FMT 
value chain from donor screening to faeces pro-
cessing to clinical outcomes. While previous stud-
ies have focused on standardising donor 
selection23,24 and clinical outcomes,22 further 
explorations are needed to analyse the contents of 
the FMT components, that is, encapsulated fae-
ces or liquid faeces, during the faeces processing 
stage. Because encapsulated FMT preparations 
are more processed than traditional liquid sus-
pensions, identifying which processing steps may 
influence the clinical outcomes is critical.

This study aimed to provide a comprehensive 
overview of the currently published validation 
methods for encapsulated FMT by reviewing the 
existing literature.

Methods
This study was reported to conform to the 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis extension for Scoping Reviews 
(PRISMA-ScR) statement25 (Supplemental 
Table 1). We systematically searched the current 
literature on methods used to validate encapsu-
lated formulations for FMT. The search strategy 
was made according to the PRISMA-ScR guide-
line and applied to PubMed, Embase and Web of 
Science databases on 26 April 2024.

The search thread was created using synonyms, 
including MeSH terms in PubMed and Emtree 
terms in Embase (the search terms are listed in 
Table 1). The synonyms were separated by the 
‘OR’ operator, and synonym groups were com-
bined by the ‘AND’ operator. The resulting records 
were imported and managed in Covidence 
(Covidence systematic review software; Veritas 
Health Innovation, Melbourne, Australia) to elimi-
nate duplicates and facilitate title, abstract and full-
text screening for eligibility plus data extraction.

Relevant references not found by the search 
strategy were identified through other sources, 

Keywords:  capsules administration and dosage, faecal microbiota transplantation methods, 
faeces, humans, microbiology, validation studies
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Table 1.  A systematic literature search using predefined search terms was applied to the databases PubMed, 
Embase and Web of Science on 26 April 2024.

Database Search terms Restrictions Results

PubMed ((‘Fecal Microbiota Transplantation’[Mesh]) OR ((fecal 
OR faecal OR bacterial OR intestinal OR stool OR feces 
OR microflora) AND microbiota AND (therapy OR 
installation OR transplant* OR infusion OR bacteriotherapy 
OR product))) AND (capsul* OR encapsulated OR 
‘Capsules’[Mesh]) AND (standardi* OR validat* OR quality 
OR safety) NOT (clinicalconference[Filter])

Language: 
English

189

Embase (‘fecal microbiota transplantation’/exp OR fecal OR faecal 
OR bacterial OR intestinal OR ‘stool’/exp OR stool OR 
‘feces’/exp OR feces OR ‘microflora’/exp OR microflora) 
AND microbiota AND (therapy OR installation OR 
transplant* OR infusion OR bacteriotherapy OR product) 
AND (‘drug capsule’/exp OR capsul* OR encapsulated) 
AND (validat* OR standardi* OR quality OR safety) NOT 
‘conference abstract’/it

210

Web of 
Science

(fecal OR faecal OR bacterial OR intestinal OR stool OR 
feces OR microflora) AND microbiota AND (therapy OR 
installation OR transplant* OR infusion OR bacteriotherapy 
OR product) AND (capsul* OR encapsulated) AND (validat* 
OR standardi* OR quality OR safety)

Conference 
abstracts 
excluded.

150

Total
Duplicates
Total after duplicate removal

549
225
324

including reference lists, PubMed searches on 
‘similar articles’, a Web of Science search with 
citation ranging and recommended articles. Only 
the references that met the inclusion criteria were 
included in data extraction.

Inclusion and exclusion criteria were defined 
according to the PICOS (Population, Intervention, 
Comparison, Outcome, Study design) criteria26 
and they are listed in Table 2. Inclusion criteria 
were studies using donor-derived encapsulated 

Table 2.  Inclusion and exclusion criteria were defined based on the PICOS criteria.27

PICOS criteria Inclusion Exclusion

Population Human target. All indications. Non-human target.

Intervention Donor-derived encapsulated FMT 
applications.

FMT is administered solely by tube, 
colonoscopy and/or enema. FMT that is not 
directly donor-derived (e.g. probiotics, Chinese 
herbal medicine).

Comparator Methods used to evaluate FMT quality.  

Outcome Studies describing standardisation 
and/or validation methods.

Studies that do not address standardisation 
and/or validation of FMT formulations. Full text.

Study design Peer-reviewed original studies. Studies without original data (e.g. meta 
studies). Grey literature (e.g. conference 
abstracts)

FMT, faecal microbiota transplantation; PICOS, Population, Intervention, Comparison, Outcome, Study design.
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FMT applications on human targets, regardless of 
indication. Only peer-reviewed records with origi-
nal data and a capsule processing or validation 
description were included. Exclusion criteria were 
studies with FMT administrations other than cap-
sules (e.g. tube or colonoscopy), studies without 
human targets and studies that did not address the 
donor selection, faeces processing or validation of 
the encapsulated formulations. Studies without 
original data and grey literature were excluded.

Study details, capsule processing details, valida-
tion methods and covariables were thoroughly 
registered during full-text data extraction. In 
addition to presenting the data in relevant tables, 
the study data were implemented in the EPPI 
Reviewer software28 to provide an interactive 
Evidence Gap Map.29

Results

Study inclusion
We identified 549 records (PRISMA-ScR flow-
chart in Figure 1). The records were imported 
into the systematic review software Covidence, 
and 225 duplicates were removed, leaving 324 
unique records. Title and abstract screening 
excluded 236 records for reasons listed in Figure 1. 
The remaining 88 records were subjected to full-
text screening for eligibility, and after the exclu-
sion of 47 records, 41 records passed the inclusion 
and exclusion criteria (see Table 2). An additional 
3 records were identified through other sources, 
resulting in 44 records for data extraction and 
analysis in this review.

Study characteristics
This scoping review included 44 studies, all pre-
sented in Table 3. The most frequent study sites 
were the United States (n = 20, 46%), Canada 
(n = 5, 11%), China (n = 4, 9%), Denmark (n = 3, 
7%) and Israel (n = 3, 7%). Of the included stud-
ies, the majority were prospective cohort studies 
(n = 21, 48%), randomised controlled trials 
(n = 15, 34%) or retrospective cohort studies 
(n = 3, 7%). The size of the study populations 
ranged from 5 to 185 patients (median 30) in 
whom encapsulated FMT was used for 13 differ-
ent indications. The studied indications were 
CDI (n = 21, 48%), obesity (n = 5, 11%), UC 
(n = 4, 9%), graft-versus-host disease (n = 3, 7%), 

irritable bowel syndrome (n = 2, 5%), allogeneic 
haematopoietic cell transplantation (n = 2, 5%), 
dementia (n = 1, 2%), depression or anxiety (n = 1, 
2%), hepatic encephalopathy (n = 1, 2%), human 
immunodeficiency virus (n = 1, 2%), Crohn’s dis-
ease (n = 1, 2%), systemic lupus erythematosus 
(n = 1, 2%) and antibiotics-associated dysbiosis 
(n = 1, 2%).

Validation measures
Validation methods could be divided into three 
exclusive domains, each comprising two 
categories:

1.	 Processing domain, divided into donor 
selection and processing protocol.

2.	 Content analysis domain, divided into 
microbiota measures and dose measures.

3.	 Clinical effect domain, divided into engraft-
ment and clinical outcomes.

Domains and categories were combined to create 
a model, illustrated in Figure 2, that describes an 
exhaustive validation approach for quality control 
of encapsulated FMT.

Our quality assessment registered various covari-
ables influencing the validation process that fell 
under the different domain categories in our 
model. The covariables were external factors that 
could reflect the quality of the FMT component 
and influence the validation process. The covari-
ables could therefore be used as control parame-
ters to monitor and standardise the preparation of 
FMT capsules, ensuring a consistent and high-
quality formulation. Seven covariables for capsule 
validation and analysis methods were identified 
during data extraction, which are presented in 
Table 5. The identified validation covariables 
were four variables in the Processing domain: 
donor selection, pre-processing, preservation and 
oxygen-sparing processing – two variables in the 
Content Analysis domain: microbial quantifica-
tion and viability measures – and one variable in 
the Clinical Effect domain: engraftment.

In an Evidence Gap Map, accessible at our insti-
tutional website (https://cefta.au.dk/about-fmt/
efmt), we organised the study details according to 
the applied validation methods under the three 
validation domains. The interactive function of 
the map allows columns and rows to be folded or 
unfolded to enable analysis of the quantity and 
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type of evidence related to the various validation 
variables.

Clinical outcomes are currently the primary 
measure of FMT quality as they directly reflect 
efficacy.

Processing domain
Donor selection.  Donor selection was the most 
frequently registered validation covariable of all 
covariables. This covariable was addressed in 42 
(95%) of 44 studies. Three studies used 

autologous FMT, and two treatments only relied 
on one screened donor. The remaining 37 studies 
screened donors by referring to different screen-
ing guidelines that were strictly defined and fol-
lowed, including screening of donor health and 
pathogens in donor stool and blood. Donor selec-
tion mainly relies on safety parameters; still, a 
comparison of donor selection protocols revealed 
disagreements on exclusion parameters and 
pathogen analysis.

Processing protocol.  Encapsulated FMT prepa-
ration methods were important validation targets 

Figure 1.  PRISMA-ScR flow diagram detailing searches for PubMed, Embase and Web of Science, title/
abstract screening, full-text screening for eligibility and data retrieval.
*Other sources were found by snowball search through reference lists, additional PubMed searches and recommended 
articles.
PRISMA-ScR, Preferred Reporting Items for Systematic Reviews and Meta-Analysis extension for Scoping Reviews.
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Table 3.  Studies included in this review listed by indication.

Study ID Indication Study design Study 
size (n)

Clinical effect Country

DeFilipp et al.30 Allogenic 
haematopoietic cell 
transplant

Prospective cohort 
study

13 85% Survival (12 months) USA

Rashidi et al.31 Allogenic 
haematopoietic cell 
transplant

Randomised 
controlled trial

100 None USA

Stefansson et al.32 Antibiotics-
associated dysbiosis

Prospective cohort 
study

24 – Sweden

Allegretti et al.33 CDI Comparative cohort 
study

51 80.6% (Colon release)
75% (Gastric release)

USA

Khanna et al.34 CDI Descending-dose 
study

30 90% USA

Khanna et al.35 CDI Descending-dose 
study

30 96.7% USA

Haifer et al.36 CDI Prospective cohort 
study

37 89% Australia

Hirsch et al.37 CDI Prospective cohort 
study

19 89% USA

Kao et al.38 CDI Prospective cohort 
study

19 95% Canada

Reigadas et al.39 CDI Prospective cohort 
study

5 100% Spain

Sims et al.40 CDI Prospective cohort 
study

72 91.3% Canada, USA

Staley et al.41 CDI Prospective cohort 
study

49 88% USA

Staley et al.42 CDI Prospective cohort 
study

89 80% USA

Varga et al.43 CDI Prospective cohort 
study

28 Supernatant: 94%
Sediment: 67%
Overall: 82%

Hungary

Youngster et al.44 CDI Prospective cohort 
study

20 One FMT: 70%
Repeat FMT: 90%

USA

Youngster et al.45 CDI Prospective cohort 
study

180 One FMT: 82%
Repeat FMT: 91%

USA

Zain et al.46 CDI Prospective cohort 
study

7 One FMT: 86%
Repeat FMT: 100%

UK

Feuerstadt et al.47 CDI Randomised 
controlled trial

182 88% Canada, USA

(Continued)
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Study ID Indication Study design Study 
size (n)

Clinical effect Country

Jiang et al.6 CDI Randomised 
controlled trial

39 84% USA

Kao et al.3 CDI Randomised 
controlled trial

116 96.2% Canada

McGovern et al.48 CDI Randomised 
controlled trial

89 55.9% USA

Baunwall et al.9 CDI Retrospective cohort 
study

183 71% Denmark

Greenberg et al.49 CDI Retrospective cohort 
study

111 92% Israel

Staley et al.50 CDI Retrospective cohort 
study

27 80% USA

Chen et al.51 Dementia Prospective cohort 
study

5 – China

Chinna Meyyappan 
et al.52

Depression/anxiety Prospective cohort 
study

12 75% Canada

Goloshchapov et al.53 Graft vs host 
disease

Prospective cohort 
study

27 84% Russia

Youngster et al.54 Graft vs host 
disease

Prospective cohort 
study

21 52.4% Israel

Rashidi et al.19 Graft vs host 
disease

Randomised 
controlled trial

35 Outcome/microbiota 
association

USA

Bloom et al.55 Hepatic 
encephalopathy

Prospective cohort 
study

10 – USA

Serrano-Villar 
et al.56

HIV Randomised 
controlled trial

30 None Spain

Aroniadis et al.57 Irritated bowel 
syndrome

Randomised 
controlled trial

48 None USA

Halkjær et al.58 Irritated bowel 
syndrome

Randomised 
controlled trial

52 Placebo was superior Denmark

Hoelz et al.59 Mb Crohn Feasibility study 7 – Germany

Allegretti et al.60 Obesity Randomised 
controlled trial

22 None USA

Leong et al.61 Obesity Randomised 
controlled trial

87 None New Zealand

Rinott et al.62 Obesity Randomised 
controlled trial

153 – Israel

Wilson et al.63 Obesity Randomised 
controlled trial

87 – New Zealand

(Continued)

Table 3.  (Continued)
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Study ID Indication Study design Study 
size (n)

Clinical effect Country

Yu et al.64 Obesity Randomised 
controlled trial

24 None USA

Huang et al.65 Systemic lupus 
erythematosus

Prospective cohort 
study

20 – China

Guo et al.66 Ulcerative colitis Active comparator 
study

59 21% (Week 13) China

Chen et al.67 Ulcerative colitis Prospective cohort 
study

22 57% (Week 12) China

Cold et al.68 Ulcerative colitis Prospective cohort 
study

7 71% (Week 8) Denmark

Haifer et al.69 Ulcerative colitis Randomised 
controlled trial

35 53% (week 8) Australia

The given size of the study population can include a group of patients receiving other treatments than encapsulated FMT, such as placebo capsules 
or non-encapsulated FMT.
CDI, Clostridioides difficile infection; FMT, faecal microbiota transplantation.

Table 3.  (Continued)

Figure 2.  Validation model for quality measures of encapsulated FMT. The model comprises three exclusive 
domains (Processing, Content analysis and Clinical effect), each containing two categories. All categories 
combined are exhaustive for validating FMT quality.
Source: © 2024 Nina Rågård. All rights reserved.
FMT, faecal microbiota transplantation.
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and belonged in the processing domain for FMT 
quality (Figure 2). The defined covariables for 
this category were pre-processing, preservation 
and oxygen-sparing processing.

Of the 44 studies analysed, 37 (84%) utilised 
non-commercialised FMT preparations. The 
remaining seven (16%) studies incorporated 
manipulated, encapsulated microbiota formula-
tions from North American companies (listed in 
Table 4) that we did not define as FMT 
preparations.

The non-commercial FMT preparations were 
either non-lyophilised frozen preparations (n = 27, 
73%) or lyophilised preparations (n = 10, 27%). 
The encapsulated FMT formulations were 
directly traceable to a single donor except for five 
non-lyophilised preparations58,61,63,66,68 that used 
pooled donations from multiple donors. Most 
FMT preparations were reportedly processed at 
the study sites, but four studies used non-lyoph-
ilised, frozen capsules provided by the Boston-
based stool bank OpenBiome and did not report 
its processing details.

The processing details given by the studies are 
registered in Table 4. Most studies eliminate 
fibres in the first part of the protocol by filtration 
(n = 29, 66%) with varying pore sizes and/or cen-
trifugation (n = 30, 68%) at varying speeds. 
Preservatives, including glycerol, trehalose and 
other cryoprotectants, were used in 34 (77%) of 
44 studies. All studies with non-lyophilised FMT 
capsules contained glycerol as a cryoprotectant. 
Some studies mentioned the end-preparation 
glycerol concentration, while others stated the 
concentration before a centrifugation step, which 
did not reflect the end-preparation concentration. 
Therefore, the glycerol concentrations could not 
be compared across the studies.

In 10 studies with lyophilised faeces,6,19,31,36, 

41–43,46,50,69 6 (60%)36,41,42,46,50,69 used trehalose as 
the lyoprotectant, while Haifer et al.36,69 addition-
ally added 0.25% cysteine. Staley et al.41 tested 
trehalose at different concentrations with combi-
nations of sucrose or mannitol and found that 5% 
trehalose alone was the optimal preservation 
method evaluated on preset goals for content 
requirements, stability and microbiota quality. 
One study used an unspecified lyoprotectant,6 
and two studies with lyophilised capsules did not 
report the use of lyoprotectants.31,43 Lyophilised 

capsules were mainly used in small studies 
(Figure 3).

Six studies (14%) used pre-processing and pre-
pared the donations for freezer storage before 
capsule processing to optimise the processing 
flow. None of these studies validated the method.

Oxygen-sparing processing methods were applied 
in five studies (11%) across two sites to protect 
the anaerobic microbes. One processing site 
delivered capsules for all three Staley et al.  
studies41,42,50 in Minneapolis, MN, to treat CDI 
and used N2 gas during homogenisation. No 
increased clinical effect was observed compared 
to similar studies for CDI using oxygen-exposed 
capsule processing. Another processing site deliv-
ered capsules to two studies from Copenhagen, 
Denmark, treating irritable bowel syndrome58 
and UC.68 Here, they strove to minimise oxygen 
exposure by covering the donor stool with oxy-
gen-reduced saline immediately after donation 
and processed the samples in a headspace flush-
ing with argon gas. The study by Cold et al.68 
used oxygen-sparing processed capsules to treat 
UC and demonstrated an increased clinical effect 
treated compared to other UC studies. Still, the 
study was small and had other substantial pro-
cessing and dosing variations compared to the 
other studies on UC.

The protocols behind the commercial prepara-
tions with encapsulated microbiota formulations 
were proprietary due to commercial interests. 
Very few processing details of these preparations 
were shared, illustrating a lack of transparency. 
Information on filtration, centrifugation and glyc-
erol use in processing the commercial product 
SER-109, now marketed as Vowst® (Seres 
Therapeutics, Boston, MA, USA), was shared in 
one study35; yet, without detailed information. 
The SER-109 product had clinical effects compa-
rable to those obtained with non-commercialised 
products, except in the study from McGovern 
et al.48 who reported a lower effect rate.

None of the included studies described a process-
ing protocol for encapsulated FMT with suffi-
cient detail and accuracy to replicate any capsule 
processing. Most often, the overall methods, 
such as filtration and centrifugation, were 
named without further user instructions. Details 
such as filtration pore size, centrifugal force and 
time, preparation registration, traceability, 

https://journals.sagepub.com/home/tag
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Table 4.  Faeces-to-capsule processing methods. 

Study ID Filtration Centrifugation Glycerol (%) Trehalose 
(%)

Other 
cryoprotectant

Clinical effect 
(%, indication)

FMT preparations (n = 37)

  Standard non-lyophilised, frozen, encapsulated FMT preparations (n = 18)

    Baunwall et al.9 Yes 71%, CDI

    Bloom et al.55 Ref.64 Ref.64 40 –, HE

    Chen et al.67 Yes Yes 15 57%, UC

    Chen et al.51 Ref.67 Ref.67 15 –, Dementia

    DeFilipp et al.30 Yes Yes 20 85%, A-HCT

    Goloshchapov et al.53 10 Dextrose syrup 
50%

84%, GVHD

    Greenberg et al.49 Ref.45 Ref.45 1045 92%, CDI

    Hirsch et al.37 15 89%, CDI

    Hoelz et al.59 Yes Yes Yes –, MbC

    Huang et al.65 Ref.67 Yes 15 –, SLE

    Kao et al.3 Yes Yes Yes 96%, CDI

    Reigadas et al.39 Yes Yes 12.5 100%, CDI

    Rinott et al.62 Yes Yes 20 –, Obesity

    Stefansson et al.32 Yes 10% Olive oil
1% Tween 80

–, Dysbiosis

    Youngster et al.44 Yes Yes 10 90%, CDI

    Youngster et al.45 Ref.44 Ref.44 10 91%, CDI

    Youngster et al.54 Yes Yes 20 52.4%, GVHD

    Yu et al.64 Yes Yes Yes44 –, Obesity

  Non-lyophilised, frozen, capsules made and delivered by Open Biome stool bank (n = 4)

    Allegretti et al.33 81%, CDI

    Allegretti et al.60 –, Obesity

    Aroniadis et al.57 –, IBS

    Serrano-Villar et al.56 –, HIV

  Non-lyophilised, frozen, encapsulated FMT preparations from pooled donors (n = 5)

    Cold et al.68 Yes Yes 30 71%, UC

    Guo et al.66 Yes Yes 16.7 21%, UC

    Halkjær et al.58 Yes Yes 30 –, IBS

(Continued)
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Study ID Filtration Centrifugation Glycerol (%) Trehalose 
(%)

Other 
cryoprotectant

Clinical effect 
(%, indication)

    Leong et al.61 –, Obesity

    Wilson et al.63 15 –, Obesity

  Standard lyophilised FMT preparations (n = 10)

    Haifer et al.36 1569 Cystein 89%, CDI

    Haifer et al.69 15 0.25% Cystein 53%, UC

    Jiang et al.6 Yes Yes Unspecified 84%, CDI

    Rashidi et al.31 Yes Yes –, A-HCT

    Rashidi et al.19 Ref.31 Ref.31 –, GVHD

    Staley et al.41 Ref. 5–10 Sucrose, 
mannitol

88%, CDI

    Staley et al.42 Yes 5 80%, CDI

    Staley et al.50 Yes 5 80%, CDI

    Varga et al.43 Yes Yes 82%, CDI

    Zain et al.46 Yes Yes 5 100%, CDI

Commercial encapsulated microbiota formulations (n = 7)

  RBX7455, encapsulated lyophilised preparations by Rebiotix, Ferring Pharmaceuticals (n = 1)

    Khanna et al.34 Yes Unspecified 90%, CDI

  SER-109, purified firmicutes spores from pooled donors, Seres Therapeutics (n = 4)

    Feuerstadt et al.47 Ref.35 Ref.35 Ref.35 88%, CDI

    Khanna et al.35 Yes Yes Yes 97%, CDI

    McGovern et al.48 Ref.35 Ref.35 Ref.35 56%, CDI

    Sims et al.40 Ref.35 Ref.35 Ref.35 91%, CDI

  MET-2, encapsulated lyophilised bacterial consortia (n = 2)

    Kao et al.38 95%, CDI

    Chinna Meyyappan et al.52 75%, D/A

The amount of glycerol was registered as stated in the articles but did not consistently reflect the glycerol concentration of the end-product. ‘Yes’ in 
the glycerol column indicates that glycerol was added, but the study failed to disclose the amount.
A-HCT, allogenic haematopoietic cell transplant; CDI, Clostridioides difficile infection; D/A, depression and anxiety; FMT, faecal microbiota 
transplantation; GVHD, graft-versus-host disease; HE, hepatic encephalopathy; IBS, irritable bowel disease; MbC, Crohn’s disease;  
SLE, systemic lupus erythematosus; UC, ulcerative colitis.

Table 4.  (Continued)
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standardisation and quality assessment were 
missing from the provided information.

Content analysis domain
Microbiota measures.  The microbial content 
was assessed in 17 (39%) of 44 studies by any 
method suited for validation in the microbiota 
and dose measures categories. The capsule con-
tent was examined for viability in 15 (34%) stud-
ies or for quantification of the microbes in 15 
(34%) studies (Table 5). The methods used for 
this were cultivation (n = 6, 14%), flow cytome-
try (n = 5, 11%) and microscopy (n = , 9%). Cul-
tivation was used for bacterial viability assays 
and dose quantification by colony-forming units. 
Flow cytometry and microscopy were used to 
count microbes as surrogates of dosages and 
assess viability. In general, more data are needed 
on the accuracy and validity of the methods used 
across the studies to make them directly 
comparable.

Two studies (5%) analysed the capsule content 
using liquid chromatography-mass spectrometry 
to identify metabolites.

Microbial quantification was performed to deter-
mine the dose, but no relation between microbial 
number and clinical outcome was investigated. 
No studies compared viability with clinical 
outcomes.

As revealed by the Evidence Gap Map (Figure 3), 
the microbiota measures category in the Content 
analysis domain receives substantially less atten-
tion than the other categories in the quality assess-
ment model.

Dose measures.  Dose measures play a pivotal 
role in standardising FMT treatments. No con-
sensus on a standardised dose measure was iden-
tified, and no general definition of FMT dose was 
found. Dose comparisons were challenging due to 
variations in the segregation methods, that is fil-
tration and centrifugation. These variations 
caused differences in the materials discarded dur-
ing processing, resulting in varying FMT con-
tents across the studies.

Doses were registered using different measures 
across the articles (Table 6). The dose was 
reported as faecal weight (crude or processed, 

Figure 3.  Evidence Gap Map, preview. Follow this link to access the interactive version: https://cefta.au.dk/
about-fmt/efmt. Here, study details and quality assessment domains can be folded or unfolded to sort and 
visualise the present evidence of this review. The map is generated using v.2.3.0 of the EPPI-Mapper29 software 
powered by EPPI Reviewer.28 Observational studies covered prospective, retrospective and comparative cohort 
studies. Interventional studies covered randomised clinical trials and active comparator studies. Exploratory 
studies covered feasibility and descending dose studies.

https://journals.sagepub.com/home/tag
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https://cefta.au.dk/about-fmt/efmt. Here, study details and quality assessment domains can be folded or unfolded to sort and visualise the present evidence of this review. The map is generated using v.2.3.0 of the EPPI-Mapper
https://cefta.au.dk/about-fmt/efmt. Here, study details and quality assessment domains can be folded or unfolded to sort and visualise the present evidence of this review. The map is generated using v.2.3.0 of the EPPI-Mapper
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Table 5.  Validation covariables were recorded from the 44 included studies.

Study ID Processing domain Content analysis domain Clinical effect domain

Donor 
selection

Pre-
processing

Oxygen-sparing 
processing

Preservation Microbial 
count

Viability 
measures

Microbial engraftment 
analysis

Allegretti et al.33 Yes 16S

Allegretti et al.60 Yes 16S

Aroniadis et al.57 Yes Yes

Baunwall et al.9 Yes Yes FC, M CFU  

Bloom et al.55 Yes Yes Yes

Chen et al.67 Yes Yes ITS

Chen et al.51 Yes Yes 16S

Cold et al.68 Yes Yes Yes 16S

DeFilipp et al.30 Yes Yes 16S

Feuerstadt et al.47 Yes Ref.35 Yes Yes MGS

Goloshchapov et al.53 Yes Yes 16S

Greenberg et al.49 Yes Ref.45  

Guo et al.66 Yes Yes Yes Yes  

Haifer et al.36 Yes Yes Yes 16S, ITS

Haifer et al.69 Yes Yes 16S

Halkjær et al.58 Yes Yes Yes 16S

Hirsch et al.37 Yes Yes FC CFU  

Hoelz et al.59 Yesa Yes 16S

Huang et al.65 Yes Yes 16S

Jiang et al.6 Yes Yes CFU 16S

Kao et al.3 Yes Yes Yes Yes MGS

Kao et al.38 Yesb FC 16S

Khanna et al.35 Yes Yes CFU 16S

Khanna et al.34 Yes Yes Yes WGS

Leong et al.61 Yes MGS

McGovern et al.48 Yes Ref.35 MGS Yes 16S

Chinna Meyyappan et al.52 Yesb FC38 CFU  

Reigadas et al.39 Yes Yes 16S

Rashidi et al.31 Yes FC FC 16S

Rashidi et al.19 Yes Yes 16S

Rinott et al.62 Yesa Yes 16S

(Continued)

https://journals.sagepub.com/home/tag


Volume 18

14	 journals.sagepub.com/home/tag

Therapeutic Advances in 
Gastroenterology

Study ID Processing domain Content analysis domain Clinical effect domain

Donor 
selection

Pre-
processing

Oxygen-sparing 
processing

Preservation Microbial 
count

Viability 
measures

Microbial engraftment 
analysis

Serrano-Villar et al.56 Yes 16S

Sims et al.40 Ref.35  

Staley et al.41 Yes Yes Yes M M 16S

Staley et al.42 Yes Yes Ref.41 Yes M M 16S

Staley et al.50 Yes Yes Yes M M 16S

Stefansson et al.32 Yesa Yes Yes  

Varga et al.43 Yes Yes Yes CFU  

Wilson et al.63 Yes Yes 16S, MGS

Youngster et al.44 Yes Yes  

Youngster et al.45 Yes Yes  

Youngster et al.54 Yes Yes 16S

Yu et al.64 Yes Ref.44 16S

Zain et al.46 Yes Yes Yes qPCR with 
PMA

 

Total n 42 6 5 34 15 15 33

  % 95 14 11 77 34 34 75

Donor selection was documented if a description or reference to any donor screening programme was provided. Pre-processing was identified as 
the preparation of donations for storage in a freezer before a later capsule processing. Preservation required any use of cryo- or lyoprotectants. 
Bacterial count, viability and engraftment analysis were registered regardless of the method used. Method was registered by technique or marked 
with ‘Yes’ if the method used was not named. 16S: bacterial identification by 16S ribosomal RNA sequencing; CFUs counted by cultivation on 
agarose; ITS: fungal identification by nuclear ribosomal ITS region sequencing.
aAutologous donation.
bDerived from one screened donor.
CFU, colony-forming units; FC, flow cytometry for counting; ITS, internal transcribed spacer; M, microscopy for counting, viability or visualisation; 
MGS, metagenomic sequencing; qPCR with PMA, quick polymerase chain reaction with propidium monoazide for viability assay; WGS, whole-
genome sequencing.

Table 5.  (Continued)

n = 30, 68%), capsule count (n = 37, 84%), micro-
bial count (n = 10, 23%), viability (n = 5, 11%) or 
spore count (5, 11%).

The wet weight of crude donor faeces used for a 
treatment ranged from 2.3 to 200 g per treat-
ment.6,37 Water content is the primary factor 
influencing wet weight, but details on the variable 
stool characteristics, such as the Bristol Stool 
Scale, were not reported. The final processed 
weight ready for FMT depends on both crude 
faecal wet weight and the processing protocol. 
Most studies used capsule count to quantify the 
dose, with the total accumulated number of 

capsules per FMT treatment ranging from 4 to 
1250 capsules.50,68

The microbe count used for dose measure ranged 
from 3.8 × 108 to 1 × 1013 microbes per treat-
ment3,9 or 1 × 1011 to 5 × 1011 bacteria per treat-
ment.31,50 Dose estimated by viability measures 
ranged from 3.2 × 105 to 3.2 × 1011 CFUs per 
treatment52 derived from either spores or bacte-
ria. Spore counts were only utilised to dose the 
SER-109 product.

Due to the heterogeneity of the dose measures 
and large variance in reported dosages, there is 
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Table 6.  Comparison of validation methods in each of the three domains, central to FMT and stratified by indication for its use. 

Study ID Processing Content analysis Clinical effect

Processing 
protocol

Microbiota 
measures

Dose measures Engraftment Clinical outcome

Faecal weight 
(g)

Accumulated 
capsules (n)

Allogenic haematopoietic cell transplant

  DeFilipp et al.30 Non-lyophilised, 
frozen

– 1.3 g/capsule 30 over 2 days 16S 85% Survival

  Rashidi et al.31 Lyophilised ⩾1 × 1011 Bacteria 
with ⩾40% viability

– 5 in 1 day 16S None

Antibiotics-associated dysbiosis

  Stefansson et al.32 Non-lyophilised, 
frozen

– – 20 over 5 days – –

CDI

  Allegretti et al.33 Open-Biome 
protocol

– 7.5–22.5 g 
(colon release), 
45–22.5 g (gastric 
release)

– 16S 80.6% (Colon release)
75% (Gastric release)

  Baunwall et al.9 Non-lyophilised, 
frozen

3.76–5.54 × 108 
microbes/treatment

50 ga (crude) – – 71%

  Greenberg et al.49 Non-lyophilised, 
frozen

– Ref youngster 16 – – 92%

  Hirsch et al.37 Non-lyophilised, 
frozen

9.7 × 1010 Viable 
bacteria

2.3  ga/capsule 22–26 in 1 day – 89%

  Kao et al.3 Non-lyophilised, 
frozen

1013 Microbes in 12 
capsules

80–100 ga 40 in 1 day MGS 96.2%

  Reigadas et al.39 Non-lyophilised, 
frozen

– – 30 in 1 day 16S 100%

  Youngster et al.44 Non-lyophilised, 
frozen

– 1.6  ga/capsule 30 over 2 days – One FMT: 70%
Repeat FMT: 90%

  Youngster et al.45 Non-lyophilised, 
frozen

– 1.6  ga/capsule 30 over 2 days – One FMT: 82%
Repeat FMT: 91%

  Haifer et al.36 Lyophilised – 2.1 gb – 16S, ITS 89%

  Jiang et al.6 Lyophilised – 100–200 ga

1.5–3 gb
– 16S 84%

  Staley et al.41 Lyophilised 1 × 1011 Cells/
capsule

– 2–27 in 1 day 16S 88%

  Staley et al.42 Lyophilised 2.1–20 × 1011 - 2–27 over 
1–3 days

16S 80%

  Staley et al.50 Lyophilised 5 × 1011 Bacteria – 4 in 1 day 16S 80%

  Varga et al.43 Lyophilised – 0.23–0.26 gb/
capsule

3–7 in 1 day – Supernatant: 94%
Sediment: 67%
Overall: 82%

(Continued)
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Study ID Processing Content analysis Clinical effect

Processing 
protocol

Microbiota 
measures

Dose measures Engraftment Clinical outcome

Faecal weight 
(g)

Accumulated 
capsules (n)

  Zain et al.46 Lyophilised 108–109 CFU/g 80 ga

0.32 gb/capsule
5 in 1 day – One FMT: 86%

Repeat FMT: 100%

  Feuerstadt et al.47 Commercial 
(SER-109)

3 × 107 Spore-CFUs – 12 in 1 day MGS 88%

  Khanna et al.35 Commercial 
(SER-109)

1.1 × 108–4 × 1010 
Spore-CFUs

– 30 over 
1–2 days

16S 96.7%

  McGovern et al.48 Commercial 
(SER-109)

1 × 108 Spore-CFUs – 4 in 1 day 16S 55.9%

  Sims et al.40 Commercial 
(SER-109)

3 × 107 Spore-CFUs/
treatment

– 12 over 3 days – 91.3%

  Khanna et al.34 Commercial 
(RBX7455)

– – 8, 16 or 33 in 
1 day

WGS 90%

  Kao et al.38 Commercial 
(MET-2)

– 0.5 gb/capsule 42 in 1 day 16S 95%

Dementia

  Chen et al.51 Non-lyophilised, 
frozen

– 1 gb/capsule 120 over 3 days 16S –

Depression and anxiety

 � Chinna Meyyappan 
et al.52

Commercial 
(MET-2)

3.2 × 105–3.2 × 
1011 CFUs/capsule

0.5 gb/capsule 188 over 
8 weeks

– 75%

Graft-versus-host disease

  Goloshchapov et al.53 Non-lyophilised, 
frozen

– 0.7 g/capsule, 
0.41 g/kg body 
mass

3–15 over 
2–3 days

16S 84%

  Youngster et al.54 Non-lyophilised, 
frozen

– 1.2 ga/capsule 30 over 2 days 16S 52.4%

  Rashidi et al.19 Lyophilised – – 5 in 1 day 16S Outcome/microbiota 
association

Hepatic encephalopathy

  Bloom et al.55 Non-lyophilised, 
frozen

– 1.6 g/capsule 75 over 5 days Yes –

Human immunodeficiency virus

Serrano-Villar et al.56 Open-biome 
protocol

– 30 ga 45 over 
8 weeks

16S None

Irritated bowel syndrome

  Aroniadis et al.57 Open-biome 
protocol

– 0.38 g/capsule 75 over 3 days Yes None

  Halkjær et al.58 Non-lyophilised, 
frozen

– 50 ga

0.48 gb/capsule
300 over 
12 days

16S Placebo was superior

Table 6.  (Continued)

(Continued)
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Study ID Processing Content analysis Clinical effect

Processing 
protocol

Microbiota 
measures

Dose measures Engraftment Clinical outcome

Faecal weight 
(g)

Accumulated 
capsules (n)

Mb Crohn

  Hoelz et al.59 Non-lyophilised, 
frozen

– – – 16S –

Obesity

  Allegretti et al.60 Open-biome 
protocol

– 0.75 g/capsule 42 over 
4 weeks

16S None

  Leong et al.61 Non-lyophilised, 
frozen

– 22 ga

14 mLb
28 over 2 days MGS None

  Rinott et al.62 Non-lyophilised, 
frozen

– 1 g/capsule 100 in 1 day 16S –

  Wilson et al.63 Non-lyophilised, 
frozen

– 0.25 gb/capsule 28 over 2 days 16S, MGS –

  Yu et al.64 Non-lyophilised, 
frozen

– 1.6 g/capsule 105 over 
5 weeks

16S None

Systemic lupus erythematosus

  Huang et al.65 Non-lyophilised, 
frozen

– 1 gb/capsule 30 in 1 day 16S –

Ulcerative colitis

  Chen et al.67 Non-lyophilised, 
frozen

– 0.9 g/capsule – ITS 57% (Week 12)

  Cold et al.68 Non-lyophilised, 
frozen

– 50 ga

0.48  gb/capsule
1250 over 
50 days

16S 71% (Week 8)

  Guo et al.66 Non-lyophilised, 
frozen

1012 Microorganisms 
per mL

– – – 21% (Week 13)

  Haifer et al.69 Lyophilised – 0.35 g/capsule 504 over 
8 weeks

16S 53% (Week 8)

aReported as weight before processing (crude faeces).
bReported as weight after processing.
CDI, Clostridioides difficile infection; FMT, faecal microbiota transplantation; ITS, internal transcribed spacer; MGS, metagenomic sequencing;  
WGS, whole-genome sequencing.

Table 6.  (Continued)

currently insufficient evidence to document firm 
associations between concrete dose and clinical 
effects.

Clinical effect domain
Engraftment.  Microbial engraftment was catego-
rised under the Clinical effect domain for clinical 

outcomes (Figure 2) and was also listed as a 
covariable. Engraftment was analysed in 33 stud-
ies (75%) by comparing donor and recipient 
microbiomes (Tables 5 and 6). In 26 of the 33 
studies, engraftment was analysed by 16S 
sequencing of bacterial ribosomal RNA to iden-
tify bacteria on species and strain levels. Four 
studies used metagenomic sequencing for 
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engraftment analysis, which provided more 
detailed information on the microbiome profile 
with a reference-free detection of bacteria, viruses, 
fungi, protozoa and archaea. Two studies anal-
ysed fungi engraftment using ITS region sequenc-
ing. No studies examined viral engraftment.

Microbial engraftment and clinical effect out-
comes were not always concordant. Engraftment 
was measured in all seven negative FMT  
studies31,56–58,60,61,64 across various indications, 
raising questions about its role as an equivalent 
measure to clinical outcomes in evaluating FMT 
effectiveness.

Clinical outcomes.  The studies included in the 
analysis focused on clinical effect, safety or feasi-
bility as their main clinical outcomes (Table 3). 
Most studies used clinical effect as the primary 
outcome, while studies testing new indications for 
FMT often used safety and feasibility as the pri-
mary outcome and effect as the secondary 
outcome.

Of all indications listed in Table 3, clinical 
effects are established for two indications, that 
is CDI and UC. Using FMT for CDI, a consen-
sus has emerged to define the primary outcome 
as a resolution of C. difficile-associated diar-
rhoea after 8 weeks. CDI had the best clinical 
evidence of all indications, with effect measures 
ranging from 71% to 100% (median 89%). In 
clinical trials investigating new treatments for 
UC, the primary outcome is often defined as 
clinical remission after 8 weeks. Two of four UC 
studies used this definition as their primary out-
come.68,69 The four included UC studies showed 
disease remission in 21%–71% (median 55%) 
assessed after 8–13 weeks. No significant effect 
of FMT was established for obesity in larger 
randomised studies. One study describes the 
positive effect of a commercial product on 
depression and anxiety in a small phase I study.52 
Three small studies on graft versus host disease 
could indicate a potential effect of FMT. No 
evidence was found of FMT for other indica-
tions listed in Table 3.

All studies reported that encapsulated FMT 
was a safe and feasible treatment, but safety 
parameters and their relation to the safety of 
comparator treatments remain incompletely 
described.

Discussion
This scoping review identified 44 studies that 
address encapsulated FMT or faeces processing 
validation. The studies described different proto-
cols for frozen or lyophilised FMT capsules with 
multiple differences in methods, highlighting a 
need for common standardised validation meas-
ures. We grouped validation measures into three 
domains that may be addressed in future studies: 
Processing, Content analysis and Clinical effect.

Standardisation of FMT has been addressed 
since its early modern use10 and continues to be 
an important focus. The growing demand for 
FMT is partly driven by increased accessibility, 
ensured by capsule use due to their ease of use, 
cost and convenience to patients. This highlights 
the importance of developing standardised cap-
sule processing protocols. Developing standard-
ised, non-proprietary and operational protocols 
for capsule processing could accelerate the 
advancement and dissemination of capsule-based 
FMT. While efforts have focused on standardisa-
tion of donor selection and stool banking to 
ensure safety and traceability,23,70 the current pro-
cessing protocols lack standardisation, partly due 
to a lack of evidence-based validation targets. The 
findings of this review underscore this issue. 
Validation of the entire FMT value chain is 
required to maintain high standards and achieve 
the best possible clinical outcomes of FMT. A 
consensus-based and validated dose definition, 
based on total microbial counts per volume and 
not merely crude faeces wet weight, would form 
an important part of such steps towards harmo-
nising FMT.

Diverging definitions of FMT as either a tissue-
like substance or a medicinal product complicates 
the development of international standards for 
processing, validation and quality control. Also, 
regulatory policies impact FMT development.71 
In the United States, FMT capsules are manufac-
tured as biological medicinal products according 
to the Good Manufacturing Practice principles 
and require an Investigational New Drug applica-
tion by the U.S. Food and Drug Administration 
(FDA).72,73 In the European Union, intestinal 
microbiota is considered a substance of human 
origin (SoHO), now embedded in the recently 
adopted SoHO regulation to replace the EU 
Tissues and Cells Directive by the European 
Commission.74 When applied and regulated as a 
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SoHO, FMT must be minimally processed and 
derived from a single donor. Selective processing, 
marketing or standardisation through, for exam-
ple, pooling of faeces from several donors may 
render the product a faeces-derived medicinal 
product liable to regulation under the legal frame-
work governing medicinal products for human 
use in the EU, similar to the FDA regulation. The 
European Directorate for the Quality of Medicines 
& HealthCare (EDQM) under the Council of 
Europe provides technical guidance for the qual-
ity and safety of tissues and cells.75 The EDQM 
tissue guide now provides an updated and firm 
basis for handling intestinal microbiota according 
to the SoHO regulation by standardising the 
entire process from donor selection to processing, 
application and traceability. Together with pub-
lished consensus-based guidelines,23 this guide 
provides the best-described standardisation for 
FMT.

Microbiota measures in the Content analysis 
domain have received substantially less research 
attention than the two other domains (Figure 3). 
This may reflect a still limited understanding of 
the mechanism of action underlying the effects of 
FMT, which further complicates the microbial 
validation and poses challenges for establishing a 
standardised processing protocol. Due to the 
inherent heterogeneity of intestinal microbiota, 
two FMT preparations would never be identical, 
and striving towards a consistently homogeneous 
content may be unrealistic. Therefore, the stand-
ardisation of encapsulated FMT may focus on 
defining validated measures of clinically impor-
tant constituents or properties rather than aiming 
for consistently uniform components. Maintained 
bacterial viability is often considered an essential 
requirement for FMT quality,76 but no studies 
have demonstrated a firm association between 
microbiota viability and clinical effect. Although 
bacterial cultivation is regarded as the gold stand-
ard for assessing bacterial viability, it may not 
accurately reflect the viability of the FMT end-
product. This is because the cultivation of certain 
species ex vivo varies according to the composi-
tion of the bacterial community. Oxygen-sparing 
processing could potentially increase viability as 
many intestinal bacteria are obligate anaerobes. 
Still, for recurrent CDI, the effect of FMT with-
out specific anaerobic precautions is comparable 
to that of anaerobically processed donations.77,78 
This suggests that ex vivo bacterial viability may 
not be essential for clinical effects or that obligate 

anaerobes are protected in the faecal medium 
during aerobic processing. Regardless, evaluating 
doses based solely on viability measures, as some 
studies advocate, may not be appropriate until 
studies have demonstrated an association between 
viability and clinical outcomes. In addition to via-
ble bacteria, the effectiveness of FMT in treating 
CDI could also be attributed to the presence of 
other active constituents, such as metabolites or 
bacteriophages.79 Future clinical studies should 
be designed to investigate all potential active fac-
tors in the content of FMT.

Bacterial engraftment was frequently used as a 
surrogate marker for the FMT effect, anticipating 
a pivotal role of donor bacteria colonisation for 
clinical effect. This is contrasted by limited evi-
dence of a firm correlation between engraftment 
and clinical outcomes. In CDI, complete engraft-
ment of donor bacteria may not necessarily be 
associated with disease resolution.80 For other 
conditions, such as inflammatory bowel disease 
and irritable bowel syndrome, complete donor 
engraftment may occur without corresponding 
clinical benefits, or clinical improvement may 
occur without concomitant full bacterial engraft-
ment.58,81 A significant limitation of these studies 
is their reliance on 16S rRNA analysis. Due to 
restricted identification and limited sequencing 
depth, 16S RNA analysis is not ideal for assessing 
the full impact of strain engraftment and its asso-
ciated changes.82 Nonetheless, engraftment anal-
ysis remains valuable for understanding the 
influence of FMT on the intestinal microbiota. 
Advances in untargeted metagenomic sequencing 
enable a more comprehensive characterisation of 
the metagenome, which includes microbial com-
munities, including bacterial species, viruses, 
fungi and parasites, allowing a deeper portrayal of 
the microbiota and its engraftment.83 A recent 
meta-analysis of metagenomes from various FMT 
studies found the importance of bacterial engraft-
ment for clinical outcomes.84 Coupled with quan-
titative analysis, metagenomic analysis shows 
great promise in elucidating the role of engraft-
ment and identifying potential validation mark-
ers. Still, bioinformatic models used to evaluate 
the metagenome frequently yield inconsistent 
results, complicating a clear interpretation.85,86

The present study identified discrepancies in the 
validation methods used, highlighting the com-
plexity of obtaining standardised microbiota 
preparations for human applications. Documents 
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issued by international expert bodies, such as the 
EDQM tissue guide,75 strive to describe uniform 
standards, but achieving this for FMT remains 
challenging. This is mainly due to the very limited 
number of studies comparing methods with clini-
cal efficacy outcomes, which is essential for guid-
ing future development. Lee et al.87 initially 
assessed the impact of different processing meth-
ods on clinical outcomes, demonstrating no clini-
cal difference between fresh and frozen 
preparations. To ensure that processing factors 
do not compromise the treatment effect, more 
studies comparing processing factors and clinical 
outcomes are warranted to advance FMT. 
Standardisation protocols require accessible vali-
dation approaches focusing on clinically relevant 
content measures, which future clinical research 
must identify. This is important for ensuring 
high-quality FMT formulations with stable clini-
cal efficiency.

Our study has limitations. Because of data heter-
ogeneity in the included studies, performing a 
meta-analysis was not possible, and the relations 
between validation covariables and clinical effects 
could not be summarised quantitatively. No sys-
tematic assessment of study quality was per-
formed, and the results are presented as published. 
Still, interpretation bias could not be precluded.

Conclusion
This review identifies gaps in the assessment of 
FMT processing and quality. It provides an 
essential overview of how FMT capsules may be 
validated in the future, categorising them into 
three domains: Processing, Content analysis and 
Clinical effect. Advancing the validation of pro-
cessing and content analysis is particularly neces-
sary. Future clinical studies should explore the 
impact of validation covariables on the clinical 
effect of FMT.
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Appendix

Abbreviations
CDI	 Clostridioides difficile infection
CFU	 colony-forming units
EDQM	� European Directorate for the 

Quality of Medicines & 
HealthCare

FDA	� U.S. Food and Drug 
Administration

FMT	 faecal microbiota transplantation
PICOS	� Population, Intervention, Compa

rison, Outcome, study design
PRISMA-ScR	� Preferred Reporting Items for 

Systematic Reviews and Meta-
Analysis extension for Scoping 
Reviews

SoHO	 substance of human origin
UC	 ulcerative colitis
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