'.) Check for updates

Journal of Gastroenterology and Hepatology WI L EY

entrology
delIgyF undati

Q JGHF
| REVIEW ARTICLE CETEED
Preferred Reporting Items for Microbiotherapy (PRIM)

Guidelines Across Medical Disciplines: An International
Delphi Consensus

Faming Zhang! ©@ | Michael A. Kamm?© | Xia Wu! | Dina Kao® | Thomas J. Borody* | Lea Ann Chen®>© |
Xingxiang He® | Monika Fischer’” | Sunny H. Wong?® (' | Siew C. Ng® ® | Bota Cui! | Francis K-L Chan'? |
Yongzhan Nie!! | Ajit Sood!? | Jingnan Li'* @ | Yang Sun'* | Ishikawa Dai'® | Qiyi Chen!® | Muhan Lv?” 2 | Zulun Zhang! |

Gianluca Ianiro'® | Yunsheng Yang! | Colleen R. Kelly?°

!Department of Microbiota Medicine and Medical Center for Digestive Diseases, The Second Affiliated Hospital of Nanjing Medical University, Nanjing,
China | *Department of Gastroenterology, St Vincent's Hospital, Melbourne, Victoria, Australia | *Division of Gastroenterology, Department of Medicine,
University of Alberta, Edmonton, AB, Canada | “Center for Digestive Diseases, Sydney, New South Wales, Australia | SDivision of Gastroenterology and
Hepatology, Department of Medicine, Rutgers, New Brunswick, USA | ®Department of Gastroenterology, The First Affiliated Hospital of Guangdong
Pharmaceutical University, Guangzhou, China | 7Division of Gastroenterology, Indiana University School of Medicine, Indianapolis, Indiana,

USA | ®Department of Gastroenterology and Hepatology, Tan Tock Seng Hospital, National Healthcare Group, Singapore | °State Key Laboratory of
Digestive Disease, Institute of Digestive Disease, The Chinese University of Hong Kong, Hong Kong SAR, China | !°Li Ka Shing Institute of Health
Sciences, Faculty of Medicine, The Chinese University of Hong Kong, Hong Kong, SAR, China | "National Clinical Research Center for Digestive Diseases,
Xijing Hospital, Fourth Military Medical University, Xi'an, China | '?Department of Gastroenterology, Dayanand Medical College and Hospital, Ludhiana,
Punjab, India | *Department of Gastroenterology, Peking Union Medical College Hospital, Beijing, China | “Department of Gastroenterology, The

First Affiliated Hospital of Kunming Medical University, Kunming, China | Department of Gastroenterology, Juntendo University School of Medicine,
Tokyo, Japan | 1Department of Colorectal Disease, Intestinal Microenvironment Treatment Center, Shanghai Tenth People's Hospital, Shanghai,

China | YDepartment of Gastroenterology, The Affiliated Hospital of Southwest Medical University, Luzhou, China | ¥Department of Medical and
Surgical Sciences, UOC Gastroenterologia, Fondazione Policlinico Universitario Agostino Gemelli IRCCS, Rome, Italy | °National Clinical Research
Center for Geriatric Diseases, Chinese PLA General Hospital, Beijing, China | 2°Division of Gastroenterology, Hepatology and Endoscopy, Brigham and
Women's Hospital, Boston, Massachusetts, USA

Correspondence: Faming Zhang (fzhang@njmu.edu.cn)
Received: 1 December 2024 | Revised: 6 February 2025 | Accepted: 14 March 2025

Funding: This study was funded by the Ministry of Science and Technology of China, National Key Program (2021YFA0717004), National Natural Science
Fundation of China (82170563) and the Nanjing Medical University Fan Daiming Research Funds for Holistic Integrative Medicine.

Keywords: microbiome | microbiota transplantation | phages | probiotics | spores

ABSTRACT

Microbiotherapy has opened new avenues for managing dysbiosis-related diseases. However, many studies did not cover all the
necessary reporting items for microbiotherapy making the interpretation of results, safety assessment, technology extension, and
even the transparency of legitimacy difficult. This project consisted of 2 phases. First, we proposed an initial preferred reporting
items for microbiotherapy (PRIM) checklist and applied it to oncology studies from 2011 to 2023 according to Meta-Analyses
guideline. Only 39.3% (n = 64) of these studies (n=163) met all PRIM checklist items. The culture-based microbiotherapy (CMT)
studies had higher score than non-culture-based (NMT) ones (p =0.018). In the second phase, the expert panel consisting of 22
specialists from eight countries across Asia, Australia, Europe, and North America refined and finalized the PRIM guidelines
(named as PRIM 2024) through Delphi consensus. The PRIM 2024 guidelines conclude 10 statements and 18 points on diagnosis,
delivery route, source, classification, preparation, dosage, state, concomitant treatment, efficacy, and safety. The panel defined
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less than 80% of all PRIM points (14 points) as low-quality reports. These guidelines are recommended for reporting on microbio-

therapy in clinical studies and reports on compassionate use, including but not limited to fecal microbiota transplantation, phage

therapy, probiotics, and synbiotics. These consistent and transparent reporting items can help researchers and practitioners bet-
ter evaluate, compare, implement research findings in microbiotherapy.

1 | Introduction

The human microbiome is a complex community composed of
bacteria, fungi, viruses, bacteriophages, archaea, and protists.
It has profound effects on human health and disease, including
regulation of immune function, metabolism, and nutrition [1].
Different microbiomes reside in various parts of the body e.g., gut,
lung, skin, genitourinary and other regions. Therefore, microbio-
therapy targeting microbiota, which mainly includes fecal micro-
biota transplantation (FMT), probiotics, synbiotics, phage, etc.,
has opened new windows for the management of dysbiosis-related
diseases. FMT has been reported to be studied in 85 diseases from
2011 to 2022 globally [2]. Guidelines have recommended FMT
for the treatment and prevention of Clostridioides difficile infec-
tion (CDI) since 2013 [3, 4]. Additionally, VOWST (SER-109), an
oral microbiome therapeutic composed of live purified Firmicutes
bacterial spores, reduces CDI recurrence without safety signals
[5, 6]. Recently, phage therapy has been demonstrated to attenuate
Mycobacterium abscessus lung infection [7].

The treatments targeting gut microbiota have also extended to
cancer management [8, 9]. Accumulating evidence has linked the
critical role of gut microbiota and relevant metabolites in mod-
ulating the efficacy and toxicity of radiotherapy, chemotherapy,
and immunotherapy outside the gut [10-12], making micro-
biotherapy an emerging avenue in the management of cancers.
There is intense interest in adding FMT as an adjunct therapy,
either to enhance response or to address adverse effects as a re-
sult of anti-cancer therapeutics. A recent review showed that
cancer is the third most common indication for FMT trials [13].
In a recent multicenter phase I trial, FMT in combination with
the programmed death protein 1 (PD-1) inhibitors achieved a
clinical response rate of 65% in 20 treatment naive patients with
advanced melanoma [14]. Patients with immune checkpoint in-
hibitor (ICI)-induced colitis achieved a high rate of remission
after FMT [9, 15]. Furthermore, probiotics reduced the occur-
rence of chemotherapy-related cognitive impairment in patients
with cancer via modulating gut microbiota and plasma metabo-
lites [16, 17]. Synbiotics, a combination of probiotics and prebi-
otics, ameliorated radiation-induced acute proctitis symptoms
and improved quality of life in patients with prostate cancer [18].
Putting together, microbiotherapy in oncology has tremendous
potential in improving cancer care.

Despite increasing number of clinical studies being published,
many lack sufficient information and transparency on important
aspects concerning microtherapy, partially due to the absence of
a unified reporting guideline. For example, according to the anal-
ysis from a systematic review [19], 89% of the studies did not give
details on the methods used to prepare feces for transplantation,
and 89% did not give eligibility criteria for donors, nor did they de-
scribe characteristics of the donors used. To bridge this gap, our
study consists of 2 phases. In the first phase, we proposed an initial

preferred reporting items for microbiotherapy (PRIM) framework,
and applied it to oncological studies. In the second phase, we in-
vited clinical experts in microbiotherapy from various institu-
tions worldwide to collaborate and refine this framework through
Delphi consensus voting. Our goal is to introduce the PRIM guide-
lines to the field of microbiota medicine across multiple disciplines
to improve the quality of reporting in research, making the results
interpretable and reproducible.

2 | Methods

2.1 | Systematic Review for the Initial PRIM
Framework

Based on different aspects of microbiotherapy that may be of in-
terest to researchers, we proposed the initial PRIM checklist with
10 items, including diagnosis, delivery route, source, classification,
preparation, dosage, state, concomitant treatment, efficacy, and
safety. The detailed description and explanation of all items were
shown in Table 1. Each item in the PRIM checklist was assigned
1 score. Total scores ranged from 0 to 10. Higher scores indicated
the higher quality and integrity of the studies. We then performed
a systematic review according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guideline [20],
including oncology studies as an example.

2.2 | Study Selection and Data Extraction

The search was conducted using PubMed, Embase, and
Cochrane databases from January 1, 2011 to December 31,
2023. The detailed search strategy and protocol were shown
in the Supplementary file 1. After removing duplicates, two
reviewers (X. Wu and Z. Zhang) screened the title and abstract
independently. The inclusion criteria were as follows: (1) stud-
ies based on humans; (2) patients diagnosed with cancer or
cancer treatment-related side effects; (3) patients undergoing
microbiotherapy including probiotics, synbiotics, phage, FMT,
and spore, etc. (4) the language was restricted to English.
Exclusion criteria included: (1) non-original reports including
reviews, systematic reviews, meta-analyses, comments, con-
ference papers, and consensus; (2) the full text could not be
obtained; (3) duplicate reports. If both reviewers agreed that
an abstract met the inclusion criteria, the full-text review was
performed. In the case of ambiguities regarding study inclu-
sion, a discussion took place between the researchers until a
consensus could be reached. The full-text review and data ex-
traction was conducted independently and in duplicate by the
same two reviewers. The following data were extracted from
the included studies: study characteristics (research type, year
of publication, country, sample size) and clinical parameters
(the PRIM checklist involved).
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2.3 | Definition of Culture-Based
and Non-Culture-Based Microbiotherapy

The studies were divided into two types based on whether the
functional ingredients in microbiotherapy involved microbial
cell culture process: studies of culture-based microbiotherapy
(CMT) (i.e., probiotics, synbiotics, and phages) and studies of
non-culture-based microbiotherapy (NMT) (i.e., microbiota
transplantation and spores therapy).

2.4 | International Panel and Delphi Process

The panel group was formed by the invited experts in the field
of microbiotherapy in the world. The Delphi process was con-
ducted to refine the PRIM framework in reference to the anal-
ysis of the initial PRIM, including the addition or omission of
some items, and the revision of item descriptions. The experts
were required to rate their level of agreement with the rele-
vance and sufficiency of the PRIM framework for reporting on

TABLE1 | The initial preferred reporting items for microbiotherapy (PRIM).

Items Description Score
Diagnosis Disease, disorder, disease condition. 1
Delivery route Capsule, gastroscopy, mid-gut tube, colonic transendoscopic 1
enteral tube, colonoscopy, enema, etc.
Source Autologous, allogenic, human-origin, food, environment, etc. 1
Preparation Fecal microbiota transplantation (manual preparation of fecal microbiota, washed 1
microbiota, spores), bacteria, fungus, phages, virome, engineered bacteria, etc.
Classification Medication, investigational new drug, biologic, ethical-approved medical therapy, food. 1
Dosage Dose (bacteria count, colony forming unit, plaque forming unit, unit, 1
volume, weight, etc.) and frequency (time, course, timeline of courses).
State Fresh, frozen, lyophilized, live, dead, etc. 1
Concomitant treatment Details on medication, nutrition, prebiotics, postbiotics, fiber, etc. 1
Efficacy Cure, remission, improvement, survival, non-response, etc. 1
Safety Severity and relevance of adverse events, short-term, long-term, etc. 1

3740 references identified by database research
1655 PubMed
= 1318 Embase
g 767 Cochrane Library
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2963 title and abstracts screened
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190 full text reviews
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163 for final analysis

FIGURE1 | Flow diagram of the studies selection process.

777 duplicates

2773 excluded for the reasons as following:
1456 clinical trials that failed to meet inclusion criteria
781 reviews, systematic review, or meta-analysis
334 animal or in vitro studies
202 irrelevant editorials, letters, conferences abstracts,
protocols, and etc.

27 excluded for the reasons as following:
3 full-text not available
24 with irrelevant patients or treatments
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microbiotherapy and their definitions. Responses were given on
a five-point scale from 0 to 4 (0 = Strongly disagree, 1 = Disagree,
2=Neutral, 3=Agree, 4=Strongly agree). For each item, the
pre-established threshold was reached when the overall agree-
ment (strongly agree or agree) rate was >80%. All items below
80% of the agreement were revised and rated again in a further
round of voting. After rating, the experts provided comments re-
garding the items or suggestions for improvement. Finally, the
refined consensus was reached for all items after anonymous
voting and editing.

2.5 | Data Analysis

All analyses were carried out using IBM SPSS Statistics
23.0 and GraphPad 8.0. The characteristics of included
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studies were evaluated using proportions for categorical vari-
ables. Comparisons between groups for skewed continuous
variables were performed using the Mann-Whitney U test or
Kruskal-Wallis test with Dunn's multiple comparisons test as a
post-test, and Chi-Square test or Fisher's exact test for categori-
cal variables. The difference was considered statistically signif-
icant when p <0.05.

3 | Results
3.1 | Literature Analysis
The flow chart of the studies selection process was shown in

Figure 1. The search strategy identified 3740 records through
the three databases. A total of 163 studies were included in the

- 100 2

i l I i I“s.
2022 w100

2017 2018 2019 2020 2021
8 7 12 1 19 9 9
8 4 3 10 13 6 8
50.00 63.64 80.00 52.38 59.38 60.00 52.94
50.00 36.36 20.00 47.62 40.62 40.00 47.06
= NMT DACT # NMT SACT = NMT Retro #u NMT Cases

2017 2018 2019 2020 2021 2022 2023

FIGURE 2 | Research trends of microbiotherapy in oncology studies from 2011 to 2023. Abbreviations: DACT, double-arm clinical trial; SACT,
single-arm clinical trial; Retro, retrospective study; Cases, case report/series. CMT, studies of culture-based microbiotherapy; NMT, studies of non-

culture-based microbiotherapy.
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systematic review for final analysis after careful screening, with
101 CMT and 62 NMT. Solid tumors were the most common
tumor type (114 studies) treated by microbiotherapy, followed
by hematological tumors (40 studies).

The annual research trends of microbiotherapy in oncology were
shown in Figure 2. In total, 127 related articles were published
from 2017 to 2023, accounting for 78.91% of the total publica-
tions over the past 13years. The proportion of NMT increased
from 0.0% in 2011 to 47.06% in 2023, which was comparable to
CMT. The proportion of case report/series gradually decreased,
while the proportion of more rigorous design research increased,
especially in NMT studies (Figure 2b).

As shown in Figure 3, only 39.3% (n = 64) of the included studies
received a score of 10, followed by 27.6% (n=45) with a score of
9 and 15.3% (n=25) with a score of 8. The minimum number of
items reported in all studies was 4. Subgroup analysis showed
that the double-arm clinical trial had higher PRIM scores than
the case report/series [9 (8-10) vs. 8 (7-9), adjust p=0.0026;

adj p = 0.0026 b

PRIM score

o’

s"g"

o‘*c’«

PRIM Score

Figure 3a]. The PRIM scores of CMT were significantly higher
than those of NMT (p =0.018; Figure 3b).

As shown in Table 2, of the 10 items, safety, state, and dosage
were the top three missing items in all the studies, as well as in
CMT studies. State, classification and safety were the top three
missing items in NMT studies. The missing rates of classifica-
tion and state in NMT were significantly higher than those in
CMT studies (classification: 35.5% vs. 3.0%, Chi-square test,
p<0.001; state: 40.3% vs. 13.9%, Chi-square test, p<0.001;
Table 2). In terms of safety, the missing rate of NMT tended to
be lower than that of CMT studies (29.0% vs. 43.6%, Chi-square
test, p=0.064).

As shown in Figure 4, the application of CMT differed from
that of NMT. Postoperative complications were the most com-
mon indications of CMT (n=29), followed by side effects of
chemotherapy (n=20), cancer comorbidities (n=13), and ra-
diotherapy and/or chemotherapy-induced oral diseases (n = 10).
While NMT was mainly used in CDI (n=19), other common

4 1(1.0%) 2(3:2%) = CMT =NMT
5 2(2.0%) 3(48%)
6 6(5.9%)
7 3(3.0%) 9 (14.5%)
8 15 (14.9%) 10 (16.1%)
9 29 (28.7%) 16 (25.8%)
10 45(44.6%) 19 (30.6%)
6’0 45 30 15 0 15 30 4‘5 6‘0

FIGURE3 | The PRIM scores of the included studies. (a) The PRIM scores of different research types were compared using the Kruskal-Wallis test
with Dunn's multiple comparisons test as a post-test. (b) The PRIM scores between CMT and NMT were compared using the Mann-Whitney U test.

p <0.05 was considered statistically significant. Abbreviations: DACT, double-arm clinical trial; SACT, single-arm clinical trial; Retro, retrospective

study; Cases, case report/series; CMT, studies of culture-based microbiotherapy; NMT, studies of non-culture-based microbiotherapy.

TABLE 2 | The missing items of the included studies based on the initial PRIM.

Items Total (N=163) CMT (N=101) NMT (N=62) p
Diagnosis 0(0.0) 0(0.0) 0(0.0) —
Delivery route 11 (6.7) 5(8.1) 6(5.9) 0.749
Source 17 (10.4) 13(12.9) 4(6.5) 0.193
Preparation 0(0.0) 0(0.0) 0(0.0) —
Classification 25(15.3) 3(3.0) 22 (35.5) <0.001
Dosage 29(17.8) 15(14.9) 14 (22.6) 0.210
State 40 (24.5) 14 (13.9) 25 (40.3) <0.001
Concomitant treatment 27 (16.6) 13(12.9) 14 (22.6) 0.105
Efficacy 0(0.0) 0(0.0) 0(0.0) —
Safety 62 (38.0) 44 (43.6) 18 (29.0) 0.064

Abbreviations: CMT, studies of culture-based microbiotherapy; NMT, studies of non-culture-based microbiotherapy.
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FIGURE4 | The application of CMT and NMT in oncology studies. Abbreviations: CDI, Clostridioides difficile infection; GVHD, graft-versus-host
disease; HSCT, hematopoietic stem cell transplantation; MDR bacteria, multidrug-resistant bacteria.

indications included graft-versus-host disease (n=11), immune
checkpoint inhibitor-related colitis (n = 7), and decolonization of
multi-drug resistant bacteria (n=6).

3.2 | The Delphi Consensus Recommendation on
the PRIM 2024 Guidelines

The panel group was formed by 22 experts in the field of
microbiotherapy from 20 hospitals in 8 countries (America,
Australia, Canada, China, India, Italy, Japan, Singapore)
from North America, Australia, Asia, and Europe. In the
first round of Delphi process, the anonymous voting achieved
threshold of 80% support for all of the 10 statements and the
refined PRIM checklist with 18 points; i.e. these items need to
be clearly presented in a research report (Table 3). Less than
80% of all items of the PRIM list (i.e. 14 points in the current
version of PRIM) is considered a low-quality research report.
Then, the feedback and opinions from experts are compiled
and summarized to create a draft report, which is sent to all
experts once again to independently evaluate and provide fur-
ther comments before finalizing the PRIM checklist (PRIM
2024 guidelines).

4 | Statements, Discussion and Conclusions

Statement 1. The detailed documentation of indication with mi-
crobiotherapy includes the disease and condition using standard
diagnostic criteria.

Comment. The reproducibility of research findings in clini-
cal practice depends on targeting the same patient population.
Randomized controlled trials (RCTs) provide the high quality
of evidence for clinical practice, however, it has been noted that
participants in RCTs often do not adequately represent the pa-
tient population of interest, especially in a severe or advanced
disease or condition [21]. Our systematic review found NMT
was more likely utilized in those instances, and in the forms
of single-arm studies, retrospective studies, and case reports.
And they provided the important real-world experience to
guide and inform the microbiotherapy in vulnerable and under-
represented patient groups.

Statement 2. The delivery route of microbiotherapy includes
capsule, gastroscopy, mid-gut tube, colonic transendoscopic en-
teral tube (TET), colonoscopy, enema, skin, atomization, nasal
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TABLE 3 | The checklist of items for PRIM 2024 guidelines.

Items Description Score
Indication Diagnosis according to international disease classification or guideline. 1
Disease condition: severity, comorbidity, etc. 1
Delivery route Oral (capsule, tablet, powder, suspension), gastric (gastroscopy, nasogastric tube), mid-gut 1
(duodenoscopy, mid-gut tube), lower gut (colonic transendoscopic enteral tube, colonoscopy,
enema), skin, atomization, nasal lavage, intravenous injection, intraperitoneal injection, etc.
Source Autologous, allogenic, human-origin, food, environment, etc. 1
Preparation for products Screening methods: donor screening (age, gender, history, 1

tests, etc.), strain screening (toxicity, stability etc.).

Producing methods: fecal microbiota transplantation (manual 1
preparation of fecal microbiota, washed microbiota, spores),
bacteria, fungus, phages, virome, engineered bacteria, etc.

Classification Legal and ethical statement. 1
Classification for the products: medication, investigational new drug, medical therapy, food. 1

Dosage Dose: bacteria count, colony forming unit, plaque forming unit, unit, volume, weight, etc. 1
Frequency: time, course, timeline of courses. 1

Formulation State: storage (fresh, frozen, refrigerated, lyophilized), pasteurized, live, dead, etc. 1
Subsidiary material: vehicle, protectant, additive, etc. 1

Concomitant treatment Patient preparation: antibiotics, acid inhibitors, prokinetic agents, colon cleaning, etc. 1
Treatments affecting the outcome: details on medications, 1

diet, prebiotics, postbiotics, fiber, etc.

Efficacy Definition: cure, remission, improvement, survival, non-response, etc. 1
Rate or data available for the rate calculation. 1
Safety Severity and relevance of adverse events, management for 1

the adverse events, short-term, long-term, etc.

Rate or data available for the rate calculation. 1

lavage, intravenous injection, intraperitoneal injection and others
should be reported.

Comment. The distribution and concentration of microbes in
human organs varies widely, and the microbial cell mass culmi-
nates in the lower gut (10'#) since transit in the colon is over a
dozen times longer than that in the small intestine (107-10'?) [22].
Hence, the crosstalk of microbiota-host would vary at different
sections of the intestine. The incidence of FMT delivery-related
adverse events varied: colonic TET (6%), colonoscopy (15%),
enema (26%), capsule (29%), mid-gut tube (29%) and gastroscopy
(32%) in a systematic review including reports from 2000 to 2020
[23]. In adults or children with serious intestinal mucosal injury
(serious intestinal erosive/ulcerative lesions, immunocompro-
mised, or critically ill), the delivery route of microbiotherapy via
small intestine should be weighted against potential complica-
tions such as aspiration, bacterial translocation and sepsis [23, 24].
Therefore, the delivery route is a crucial element to report to ex-
plore its impact on efficacy, safety, and microbe-host interactions.

Statement 3. The sources of matter for microbiotherapy include
various possible options, such as autologous, allogenic, human-
origin, food, environment, cultured bacteria, etc.

Comment. The isolation of probiotic strains can come from
natural foods, feces, breast milk, the vagina, etc. Bacteriophages
may originate from sewage or clinical samples. All this infor-
mation on sources should be clearly included in the methods
of study, and how it complies with the legal regulations of the
respective country. If ethical review is required, the reports
should state that the approval has been obtained from the
human ethics committee. The use of gene-edited microbes in
clinical research is subject to different review requirements in
different countries. When FMT is considered as a trial related to
investigational new drug, the source of FMT should be transpar-
ent. When FMT is considered a medical technique rather than a
drug produced by pharmaceutical entities, only clinical settings
that have the legal qualifications (outpatient clinic setting and
hospital setting) can prepare and provide FMT [2, 13, 25].

Statement 4. The description of the preparation for products in-
cludes the screening and producing methods for microbiotherapy
need to be described.

Comment. The inclusion and exclusion criteria (age,
sex, medical history, high risk behaviors etc. for FMT, vag-
inal microbiota transplantation [26-28], nasal microbiota
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transplantation [29], and other microbiota transplantation)
as well as tests used in donor screening for NMT, and strain
screening (toxicity, stability, efficacy etc.) for CMT need
to be described. FMT can be prepared by manual meth-
ods, automatic filtration, and washing process, and spores
preparation. With the washing procedure, metabolites with
pro-inflammatory effects in the fecal microbiota supernatant,
such as leukotriene B4, corticosterone, and prostaglandin G2
were removed. This might be the reason for the fever after
FMT being significantly decreased from 19.35% to 5.15% in
automatic preparation of fecal microbiota [30].The manufac-
turing methods of products may affect the clinical findings,
however, the specific ways in which process impacts the ther-
apy is still under investigation. Currently, the understanding
of the substances contained in feces for FMT is insufficient.
Important microorganisms such as fungi and bacteriophages
[31] have hardly been considered in the transplantation pro-
cess. Therefore, it is necessary to meticulously record the
preparation and handling process of FMT samples to infer the
potential impact on the substances that may be present.

Statement 5. The classification for microbiotherapy includes
the regulation statement (legal and ethical statement) and the
specific classification statement (licensed medications, investiga-
tional new drugs, ethically approved medical therapies, and food
supplements).

Comment. Transparent regulations and ethical statements
can reduce illegal research and medical services. The regula-
tions on microbiotherapy vary from country or area worldwide.
The mainstream of the category FMT is that it is classified as
both a pharmaceutical and a medical technique service, coex-
isting under a dual-track system [2]. Despite lots of challenges in
standardizing FMT policies, reporting this items would be help-
ful in transparency of legal management, protecting patients
and ultimately realization of non-conflict between region and
countries.

Statement 6. It is essential to describe the dose (such as bacterial
count, colony forming unit, plaque forming unit, unit, volume,
weight, etc.) and frequency (such as time, course of treatment,
timeline of courses, etc.) in detail.

Comment. The dose and frequency of administration may in-
fluence the efficacy of microbiotherapy. Lower dose and less fre-
quent dosing may improve the feasibility in practice. However,
the minimal dose or ideal frequency of administration to treat a
particular condition remain to be determined. Higher doses may
improve response rate; for example, the clinical response rate in
irritable bowel syndrome was higher using 60g FMT than that
in 30g FMT over 1 month (85.5% vs. 75.9%, p <0.001) after FMT
[32]. FMT is effective for CDI, and the course of FMT needs to
be determined according to the severity of CDI [33, 34]. The col-
ony forming unit or bacterial count should be reported where
applicable.

Statement 7. The description of formulation includes the state of
microbial materials (fresh, frozen, lyophilized, pasteurized, live,
dead, etc.), the subsidiary material (vehicle, protectant, additive,
etc.) and storage methods (refrigeration, freezing, lyophilization,
and anaerobic storage) should be included.

Comment. The state might be correlated with the clinical
outcomes of microbiotherapy. In one study, the cure rate of CDI
was higher in fresh FMT compared with lyophilized products
(100% vs. 78%, p=0.022) [35]. Pasteurized Akkermansia mu-
ciniphila improved insulin sensitivity, and reduced insulinemia
compared to placebo, but live A. muciniphila did not in a prelim-
inary study [36]. Subsidiary materials may affect the safety of
microbiotherapy. For example, certain preservatives or stabiliz-
ers added to microbial products might potentially cause allergic
reactions in some individuals, thereby affecting the safety of the
therapy.

Statement 8. Concomitant treatment with microbiotherapy in-
cludes the methods for patient preparation (colon cleaning, fast-
ing, antibiotics, acid inhibitors, prokinetic agents, etc.) and the use
of combination treatments aiming at treating diseases or prevent-
ing adverse events (medication, nutritional elements, prebiotics,
postbiotics, fiber, diet, etc.) should be reported.

Comment. The bowel cleansing introduces an instant and
substantial change of the intestinal microbiota from the find-
ings of microbiome in the collected defecated stool [37] and
ileocecal stool in situ [38]. The impact of bowel cleaning on mi-
crobiotherapy is not well studied, but it is an important aspect
to report to ensure reproducibility of studies. Other important
concomitant therapies to report include steroids, dietary inter-
vention, and other treatments that may affect efficacy or safety.
57.1% of patients (8/14) with steroid-dependent ulcerative colitis
(UC) achieved clinical improvement and were able to discon-
tinue steroids following step-up FMT (regular steroids based
on FMT) [39]. FMT with an anti-inflammatory diet effectively
induced deep remission in mild-moderate UC which was sus-
tained with an anti-inflammatory diet over 1year [40]. A synbi-
otic preparation of three lyophilized Bifidobacteria strains and
three prebiotic compounds (SIMO01) was effective in alleviating
multiple symptoms of post-acute COVID-19 syndrome [41]. An
RCT study demonstrated that a single-dose oral FMT combined
with daily low-fermentable fiber supplementation improved in-
sulin sensitivity in patients with severe obesity and metabolic
syndrome [42]. The impact of concomitant medications and di-
etary intake on clinical outcomes remains unknown if the in-
formation on combined treatments is not fully described.

Statement 9. Efficacy is the core outcome measured in micro-
biotherapy studies, encompassing cure, remission, improvement,
survival, non-response, etc.

Comment. Each type of efficacy should be clearly defined,
and the rate of efficacy or data available for the rate calculation
should be shown in the study. For rigorously designed clinical
studies, the outcome measurements should be clinically rele-
vant and pre-defined. It should be noted that effective results
are rarely unpublished, while ineffective results are seldom re-
ported as scientific articles. Research publication bias occurs
when trials showing negative or no effect are not published;
outcome reporting bias occurs when authors fail to report un-
favorable data [43].

Statement 10. Safety includes the rate and the description (se-
verity, relevance, management, prognosis, short-term, long-term,
etc.) of the adverse events.
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Comment. The safety item in probiotics research is largely
missing. This issue has been pointed out that the theoretical
risks of probiotics have not been clearly described [44]. FMT
as the typical microbiotherapy was reported with high safety
and few self-limited adverse events in short-term or long-term
clinical practice [45], thus researchers may ignore the safety in
their reports. It can be difficult to understand how microbial
manipulation impacts disease risk given all of the potential
confounders described above. Therefore, the short- and long-
term safety of associated therapies is important to track and
monitor.

In conclusion, the proposed PRIM 2024 framework provide a
clear and practical guide for reporting on microbiotherapy in
the field of microbiota medicine across medical disciplines. The
originality of PRIM deserves arousable attention of microther-
apy applicable to patients in need. This will further promote
transparency in this field of research to ultimately benefit pa-
tients, whether the treatment involves microbiotherapy via gut,
vaginal microbiota transplantation, nasal microbiota transplan-
tation, or phages therapy.
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