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Background: Unlike chemical drugs with a single or a few kinds of active compounds,
traditional Chinese medicines (TCMs)uses herbal formulas composed of numerous kinds
of chemical constituents. Therefore, TCM clinical trials require unique and stricter
standards for collecting, preserving, and transporting fecal samples than those used for
chemical drugs. Unfortunately, there are no special standards for processing fecal
samples in TCM clinical trials.

Methods: We invited interdisciplinary experts within TCM clinical trials and gut
microbiome research to help formulate this standard. After more than a year’s in-depth
discussion and amendments, we achieved a standard via expert interviews, literature
research, questionnaire surveys, and public opinion solicitation. This standard has been
reviewed and approved by the Standards Office of China of the Association of
Chinese medicine.

Results: We established a sample information processing method prior to TCM clinical
sample collection, which is adapted to the unique features of TCM. The method
formulates detailed processing requirements for TCM information in addition to the
factors that may disturb the gut microbiome. We also constructed a set of methods for
collecting, preserving, and transporting fecal samples that meet the characteristics of
TCM. These methods formulate detailed operating specifications on the collection
approaches, storage conditions, transportation requirements, and management of fecal
samples.

Conclusions: This standard guides the information processing prior to sample collection
and the standard operating procedures for the collection, preservation, and transportation
of fecal samples in TCM clinical trials, which also can be used as a reference by clinicians
and researchers in modern medicines.

Keywords: traditional Chinese medicine (TCM), clinical trial, gut microbiome, fecal sample collection, fecal sample
processing, standard
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1 INTRODUCTION

The gut microbiome is the largest and most complex micro-
ecosystem of the human body (Thursby and Juge, 2017). A huge
body of evidence has demonstrated that the gut microbiome
strongly impacts the host’s health and is closely related to the
pathological mechanisms of infections, metabolism,
autoimmune disorders, cancer, and other diseases (Thaiss
et al., 2016; Cani, 2018; Gopalakrishnan et al., 2018; Dabke
et al., 2019). The gut microbiome and drugs interact during
medical regimens (Li et al., 2009; Shin et al., 2014; Feng et al.,
2015; Liu et al., 2019; Yue et al., 2019; Wu et al., 2022). The in-
depth study of the interactions between the gut microbiome and
medicines is an important way to reveal their mechanisms
(Wang et al., 2021; Zhang et al., 2021). Due to the lack of
standardized processing methods, the results from individual
studies are inconsistent, and further analysis and comparison of
published data are challenging. A previous clinical study has
reported that BBR ameliorates diabetes by increasing the
abundance of Bifidobacterium (Chen et al., 2016). However,
more high-quality, large-scale studies have shown that BBR
reduces the abundance of Bifidobacterium in human
participants, which contradicts previous results (Sun et al., 2017).

Meta-analyses have shown that the heterogeneity of medical
results on the gut microbiome is also significant (Zheng et al.,
2021). Concerning the source of heterogeneity, except for
interindividual variation (Falony et al., 2016) (gender, age,
ethnicity, geography, and occupation), lifestyle intervention
and sample processing strategies are important confounding
factors. Some studies have shown that eating habits
significantly impact the gut microbiome, which explains 57%
of the total structural variations (Sánchez-Tapia et al., 2019).
Among them, alcohol consumption and prebiotic use are
particularly strong sources of gut microbiome variance
(Dubinkina et al., 2017). In addition, exercise training
induces compositional and functional changes in the human
gut microbiome, especially in SCFA-producing taxa
(Faecalibacterium spp. and Lachnospira spp.) (Allen et al.,
2018). There are apparent inconsistencies between researchers
and the actual fecal sample collection and preservation
procedures, which is another important reason for the
variability of research results (Zhang et al., 2017). Some studies
have chosen to store fecal samples at -20°C, but a study suggested
that feces storage at -20°C could adversely affect the abundance
of Firmicutes and Bacteroidetes (Bahl et al., 2012). Collecting the
outer or inner parts of the feces makes a significant difference
and produces diametrically opposite results regarding the ratio of
aerobes/anaerobes (Wu et al., 2019). Complex processing
parameters, such as moisture content, decoction time, and
temperature, influence the bioactivities of drugs, leading to
discrepancies in the results. Although interindividual variation
between subjects is inevitable, these technical sources of variation
are controllable within clinical data set information processing
and fecal sample manipulation management. At present, many
studies have considered only limited confounding factors, and a
systematic and comprehensive methodological standard is
urgently needed.
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For TCM clinical trials, TCM theories guide the formulation
of diagnostic criteria and outcome indicators in TCM clinical
trials (Hao et al., 2017). During information processing, it is
necessary to analyze the characteristics of TCM, such as the
holistic philosophy, syndrome differentiation and treatment, and
drug prescriptions, in order to reveal the unique relationship
between TCM and the gut microbiome. Unlike chemical drugs,
TCM is often composed of compound herbal prescriptions,
which have the characteristics of diverse dosage forms, large
dosages, complex components, and multi-target mechanisms
(Sun et al., 2013; Wang et al., 2021). The oral components of
TCM with a lower bioavailability have a longer residence time
within the intestine as well as more complex metabolic processes
(Gong et al., 2020). The amount of TCM residual components in
the feces is also significantly higher than other chemical drugs.
The components that are not absorbed by the small intestine will
directly contact the intestinal flora after entering the colon. These
characteristics lead to a more direct effect of TCM on the fecal
flora; thus, it is easier to adversely affect the structure of the fecal
flora and the detection of metabolites (Chen et al., 2016).
Therefore, compared with other trials, TCM clinical trials have
unique and stricter requirements for information processing and
operation management in obtaining fecal samples (Del Savio
et al., 2017; Han et al., 2019). The authenticity of fecal samples is
affected by various interference factors, including improper
processing of the subject’s information, contamination of the
external environment and equipment, improper storage time,
temperature, and transportation methods (Ji et al., 2019). All
these factors affect the accuracy of the final results; therefore,
establishing standardized sample processing guidelines in order
to obtain uniform and high-quality fecal samples is of great
importance to TCM clinical research involving the gut
microbiome. Standardization guidelines also help achieve
uniform and comparable results from different experiments
performed by different research groups (Deda et al., 2015;
Amos et al., 2020). Currently, systematically describing the
detailed processing of the fecal sample in clinical reports has
been highly recommended (Neuberger-Castillo et al., 2020).
2 MATERIALS AND METHODS

2.1 Study Design
The project team comprises 12 experts and 1 secretary within
TCM clinical trials and gut microbiome research. There are a
total of 8 institutions, including 5 clinical hospitals, 2 research
institutes, and 1 company. The project team jointly completed
the drafting of the plan for this standard and invited
methodological experts to review the proposed standard. In
April 2020, the project was officially established in the
Standards Office of China Association of Chinese medicine.
The preparation of this consensus was carried out in strict
accordance with the standards steps. First, a project team was
established to clarify the primary research issues, and then expert
interviews, literature research, and questionnaire surveys were
used to form an expert consensus. Next, this standard was
further revised and improved by conducting a solicitation of
April 2022 | Volume 12 | Article 783682
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opinions. Finally, submit for review after the standard revision is
completed (Figure 1).

2.2 Expert Interviews
The expert interviews adopt a semi-structured interview format. A
project member joint discussion determines the list of members
within the interviewed expert group. A total of 4 interviewed
experts, with at least 10 years of work experience, significant
academic achievements within the field of TCM-microbiome
research, and can provide methodological guidance on the
content, format, preparation, and utility of this standard.

2.3 Literature Research
After the project team invited the methodological experts to
discuss, the document research plan was determined, and a
detailed retrieval strategy was developed. The retrieval time
was from 1990 to 2020. The search tools included 3 English
language databases (PubMed, SCI, and SpringerLink), 4 Chinese
databases (China Knowledge Network, Weipu Science and
Technology Journal Database, Wanfang Full-text Library, and
Chaoxing Digital Library), a national standard information
service platform, and the patent platform State Intellectual
Property Office. The searched materials and information
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 3
covered various forms of documentation such as journal
manuscripts, master and doctoral theses, e-books, online
reviews, standards, and patents. Independent personnel
screened and summarized the literature as well as conducted
the qualitative and quantitative analysis.

Keywords: Chinese medicine, herbal medicine, traditional
medicine, clinical trials, intestinal flora, gut microbiome, fecal
samples, operations, specifications.

2.4 Questionnaire Surveys
Based on the foundation of the previous research work, the project
team used the improved Delphi method to reach a consensus
through questionnaire voting. Compared with the traditional
Delphi method, the improved Delphi method is based on the
previous research results, replacing the open questionnaire with a
structured questionnaire, which can significantly improve efficiency
(Hasson et al., 2000). If the consensus degree of a proposed
recommendation opinion is >75%, it is considered that the
opinion has reached a consensus, and only minor modifications
are required based on expert opinions. If the consensus degree of a
proposed recommendation opinion is less than <75%, the opinion
has not reached a consensus. A total of 14 research experts
participated in the questionnaire surveys.
FIGURE 1 | Flowchart for the development of Standards for collection, preservation, and transportation of fecal samples in TCM clinical trials.
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2.5 Solicited Opinions
Letters were sent out to solicit opinions, from September 21,
2020, to November 20, 2020; the draft of the soliciting opinions
was sent to 30 experts from 30 institutions within 17 provinces in
China. Thirty experts responded to the letter. Out of the 30, 23
experts (76.67%) had no opinion, and 7 experts replied with a
suggestion or an opinion. The project team discussed and revised
the suggestions and opinions individually. The revised standard
was submitted for review in November 2020. The Standards
Office of the Chinese Society of Chinese Medicine independently
invited 10 experts to conduct a peer review. In March 2021, the
results were finally approved by a unanimous vote and
officially announced.
3 RESULTS

3.1 Information Processing Before Fecal
Samples Collection
3.1.1 Basic Information of the Subjects
The TCM clinical trials information should be carefully reviewed
and recorded, including project number, project name, research
institutions, and subject identification number. Other required
information includes (1) each subject’s personal information
including name, gender, birthday, ethnicity, height, weight,
BMI, occupation, and residence, (2) medical information
including past medical history, surgical history, marriage and
childbirth history, and family genetic history, and (3) infectious
disease information including a history of infectious diseases and
a history of contact with epidemic areas.

3.1.2 Information on the Use of TCM
The production and use of TCM information should be carefully
reviewed and recorded (Lin et al., 2021), including (1) the
manufacturer, production batch, production date, preservation
method, and processing method of the trial drug, (2) the diseases
and symptoms treated with TCM, TCM name, dosage form,
dosage administration method, time, and frequency of TCM
administration, and (3) a history of allergies and adverse
reactions to TCM.

3.1.3 Information on the Use of Antibiotics
The usage information of antibiotics should be carefully reviewed
and recorded (Hao et al., 2020), including the reason for use, the
type of antibiotic, the dosage form, the method of
administration, the intensity and frequency, and the start and
last time of medication administration.

3.1.4 Gastrointestinal Information
The subject’s gastrointestinal discomfort should be carefully
reviewed and recorded (Weersma et al., 2020), including
nausea, vomiting, bloating, acid reflux, abdominal pain,
diarrhea, constipation, blood in the stool, identify the cause,
frequency and intensity of uncomfortable symptoms, physical
and chemical examinations, diagnosis, treatment, and the start
and end time of therapy.
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3.1.5 Information on Other Influencing Factors
For combined medication (Glassner et al., 2020), especially
medication pertaining to the gastrointestinal tract, it should be
clarified whether to use microecological preparations, as well as
the type, composition, dosage, time, and frequency of the drug
used. For eating habits, meat-eaters and vegetarians, the use of
probiotic/prebiotic food supplements and their ingredients, and
the duration and frequency of smoking and drinking should be
clearly distinguished (Bajaj, 2019). Exercise habits, it is necessary
to distinguish between athletes and non-athletes and record the
intensity, duration, and frequency of exercise (Allen et al., 2018).
Mental health should be clearly distinguished among the patients
with mental illness and those without and the manifestations and
severity of depression and stress should be recorded.

3.1.6 Fecal Condition Information
Fecal sample condition should be recorded and analyzed after the
subjects defecate and before the actual sample collection,
including the time, period, and frequency of defecation habits,
whether assisted defecation is needed and specific usage
methods, reactions and accompanying symptoms during
defecation, the shape, smell, color, and residue of the feces.
However, it can be combined with the TCM theories of
deficiency and actuality, cold and heat, qi and blood, body
fluid, and viscera location in order to conduct a TCM
syndrome differentiation analysis of the feces (Zhang
et al., 2019).

3.2 Collection of Fecal Samples
3.2.1 Collection Time
Oral administration is the most common route of administration
in TCM clinical trials. Fecal samples should be collected before
administering the first dose of medication; it is recommended to
collect fecal samples in the morning (Wu and Tan, 2019). It is
best to form a fixed bowel habit to facilitate the following
consistent simultaneous collection. If a fecal sample is not
collected at the prescribed time, as a remedial plan, it should
be collected within 2 hours after administration of the
medication. In the event of acute diarrhea, constipation, or
other unique circumstances, the temporary remedial collection
of fecal samples should be carried out 8 hours after
administration of the medicine and before the next
medication administration.

For non-oral administration routes, such as intravenous and
intramuscular injection, acupuncture, and massage, since they do
not directly pass through the gastrointestinal tract, fecal samples
can be taken at any time during the treatment. However, for
direct intestinal administration such as the anus or an enema,
fecal samples should be collected before the administration of
therapy. It should be emphasized that the fecal sample cannot be
collected immediately or prematurely after direct administration.
In special cases, remedial collection can be performed 12 hours
after administration. In addition, if the clinical trials have a
unique research purpose, the collection time of the fecal samples
can be adjusted under the principle of minimizing the TCM
residue within the feces (Angelakis et al., 2016).
April 2022 | Volume 12 | Article 783682
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The frequency of fecal sampling should be collected before
treatment and at least once during each treatment cycle (Miyoshi
et al., 2020). Each collection should be completed within 2 days
before the end of the treatment cycle.

3.2.2 Collection Location
The collection of fecal samples can be done at the hospital under
the guidance of the principal investigator, or it can be done at
home by the subject following the collection instructions. It is
recommended that fecal sampling should be completed at
the hospital.

3.2.3 Collection Method
Before the first collection of the fecal samples, the subjects should
be fully informed of the specific operating methods and primary
collection points (Table 1) (Bolte et al., 2021). It is recommended
to use a special fecal sample kit for collection (Choo et al., 2015;
Szopinska et al., 2018). If economic conditions permit, it is
recommended to repeat sampling multiple times in order to
reduce the relative error caused by the methodology (Fan and
Pedersen, 2021).

3.2.4 Sample Management After Collection
After completing the collection, the following information
should be recorded: (1) the sample’s basic information,
including sample number, type, volume, and properties, (2) the
entire collection process, including the informed consent, clinical
questionnaire, collection location, collection method, collection
time, and the participants information.

The collection of fecal samples with potentially infectious
diseases should be implemented in accordance with national
policies and regulations. It is necessary to adopt safe operation
procedures and containers for fecal collection of the
corresponding biological safety level needs.

3.3 Preservation of Fecal Samples
3.3.1 Preservation Method
Fecal samples should be preserved using liquid nitrogen rapid
freezing (Moossavi et al., 2019). For example, the fecal samples
should immediately be put into liquid nitrogen for rapid freezing
after being collected, and then immediately transferred to a
-80°C freezer for long-term storage (Shaw et al., 2016). When
quick freezing is not immediately possible, the samples should be
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 5
frozen in a -80°C freezer within half an hour after the sample is
collected (Gorzelak et al., 2015).

For fecal samples collected from clinical patients or remote
areas, due to the lack of rapid low-temperature freezing
conditions, stable liquid solutions should be used for storage,
such as 100% ethanol, EDTA buffer, or commercially available
reagents (Nsubuga et al., 2004; Han et al., 2018; Jenkins et al.,
2018). Fecal samples using stable liquid solutions should be
delivered to the clinical investigators within 2 days for uniform
cryopreservation. It is recommended to use commercially
available reagents for preservation.

When commercial reagents are used in sample preservation
within TCM clinical trials, products produced by the same
company should be used for all samples during the entire trial.
Furthermore, the sample container should be filled with aliquots
and a sufficient volume of reagents that cover the entire sample to
ensure the consistency of sample processing. In addition, it
should be noted that products from different companies
cannot be mixed. The commercial reagents should be shaken
and inspected before use and after adding the samples.

3.3.2 Sample Management During Preservation
After the fecal samples are preserved, the preservation information,
sample number, preservation method, preservation temperature,
and storage location should be recorded. Using a specific and
uniform format code to process, classify, and preserve the samples
through a biological sample library data-based management system
is recommended.

The fecal samples should not be frozen and thawed repeatedly
during the cryopreservation period (Li et al., 2016). Simultaneously,
the fecal samples should be regularly sampled and inspected in strict
accordance with the standard operating procedures to ensure the
quality of sample preservation. The fecal samples information
should also be updated promptly.

The frozen preservation time of the fecal samples should be as
short as possible, no more than 6 months (Carroll et al., 2012). If
the storage conditions are stable, the sample can be extended to 1
year (Shaw et al., 2016). Conversely, the samples will be sent to
the laboratory for testing after the first freeze-thaw cycle if the
storage conditions are unstable.

Fecal samples with potentially infectious diseases should be
preserved in accordance with the operating specifications within
the national laws and policies. The infectious disease information
TABLE 1 | Primary points of the collection method of fecal samples in TCM clinical trials.

1 Fecal samples should be collected immediately after defecation.
2 Before sampling, the urine should be discharged to avoid contamination.
3 The feces should be collected in a dry and clean special bedpan. Avoid using sitting or squatting toilets.
4 A sterile sampling device should be used to collect the feces. There should be no disinfectant or sewage in the excrement collector. Avoid the use of metal

containers.
5 The excreted feces should be classified according to the Bristol fecal classification method. It is recommended to collect 3-4 grade feces. Under special

circumstances, hard feces of grades 1-2 can be collected. However, collection of sparse grade 5-7 feces should be avoided, especially grade 7 feces should not be
collected unless there is a particular research need.

6 The excreted feces on the inner side of the middle and posterior segments should be taken. In order to prevent the adverse effects of feces contacting external
microorganisms, the surface layer of the feces should not be taken.

7 The sample collection volume is approximately 1-2 grams. If the sample volume required for the research is larger, it should be divided into multiple collections not to
exceed 1-2 grams per collection.
April 2022 | Volume 12 | Article 783682

https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles


Su et al. TCM Clinical Fecal Sampling Standards
of the fecal samples should be clearly marked and stored in a
particular location.

3.4 Transportation of Fecal Samples
3.4.1 Transportation Method
Researchers must first identify the fecal samples that need to be
transferred to the laboratory for testing and fill in the sample
information table, including sample label, transfer quantity,
project name, and TCM information. Next, the transported
fecal samples are packaged in three-layers. In addition,
potentially infectious fecal samples should be packaged and
labeled in accordance with the highest-level requirements of
the WHOs Guidance on regulations for the transport of
infectious substances.

Evaluating the influencing factors such as climate, season,
time, distance, and temperature, an icebox with sufficient dry ice
in a thick foam box can be used for short-distance transportation
(Vandeputte et al., 2017). A dedicated medical sample transfer
box should be used when the temperature is high, and the
transfer conditions are poor (Yang et al., 2020). It is
recommended that the transportation of fecal samples under
dry ice storage conditions should be completed within 24 hours
(Liang et al., 2020).

If the fecal samples are delivered by express delivery, a
company with the qualifications necessary to transport medical
biological samples should be used and should have cold chain
transportation and safety monitoring capabilities.

3.4.2 Sample Management During Transportation
The transfer-out, transportation, and transfer-in parties should
jointly specify the specific operation methods of the fecal
sample’s transportation, including the handover time,
transportation route, and destination. It is also necessary to
prepare relevant documents and instructions in accordance
with the laws and regulations related to the transfer of
biological samples.

When the fecal sample is transferred out or received, the
following information needs to be verified and includes whether
the packaging is intact, whether the packaging label is clear, and
whether the information indicated in the document is consistent.
After verification, the transfer record sheet should be signed for
confirmation. Meanwhile, the information tracking system
provided by the company can be used to locate and track the
entire sample transportation process.

After the transportation of the fecal samples is completed, the
information of the transfer process should be recorded and
include the sample number and quantity, the time and place of
transportation, and each personnel within the transfer chain.
Moreover, relevant documents should be kept including the
sample delivery form, the sample receipt form, and the
courier notes.

For the transportation of fecal samples of potentially
infectious diseases, the samples shall be classified and packaged
in accordance with the requirements of local laws and policies. A
dedicated person is responsible for verifying this information to
ensure that the packaging, containers, and labels meet the
standards. Fecal samples involving genomic information or
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 6
data should be processed in accordance with national
requirements (Mohammed Yakubu and Chen, 2020).
4 DISCUSSION

TCM has been used in China for more than 2000 years. TCM is
starting to receive widespread attention and recognition globally as
a therapeutic adjuvant to contemporary and alternative medicines
due to TCMs unique theoretical models and powerful therapeutic
effects (Xu et al., 2013). In recent years, exploring the roles of TCM
and the gut microbiome has emerged as a new frontier in
understanding the utility of TCM (Feng et al., 2019). More and
more studies are paying attention to the gut microbiome within
TCM clinical trials. Fecal matter is the preferred source of gut
microbiome samples in TCM clinical trials. Fecal samples are
convenient, easy to obtain, non-invasive, and the characteristics of
the microbial flora in the fecal samples are consistent with what is
found in the intestinal tract (Raoult and Henrissat, 2014; Bassis
et al., 2017). In several clinical trials, fecal samples have been
widely used to assess the gut microbiome. High-throughput
sequencing of bacterial DNA and metabolites extracted from
human fecal samples have been a key step in understanding the
gut microbiome’s structure, diversity, and metabolic changes
(Neuberger-Castillo et al., 2020). Bacterial DNA in feces has
poor stability and is prone to degradation when exposed to air
or high temperature. The collection procedures, preservation
temperature, preservation status, and transportation conditions
all impact the diversity and integrity of the fecal samples and will
ultimately influence the microbiome profile results (Vandeputte
et al., 2016; Wu et al., 2019). In addition to routine operations, the
processing of TCM information is an important factor that needs
to be considered (Zhang et al., 2017); thus, leading to the
misunderstanding of the interpretation of the test results. Low
concordance between TCM clinical trials that have explored the
role of the gut microbiome limits the capacity to identify causal
relationships between the host-related microorganisms and the
pharmacology (Vujkovic-Cvijin et al., 2020). The need for a
reliable fecal sample processing protocol is essential in analyzing
the results of metagenomic data of the gut microbiome in order to
obtain high concordance results (Human Microbiome Project
Consortium, 2012). Although researchers have expressed great
interest in the contribution of TCM-microbiome interactions to
human health, there is still no standardized protocol within TCM
clinical trials to guarantee the sample quality of the metagenomic
analysis (Wang et al., 2019). Therefore, it is critical in formulating
a risk-free, standardized, effective, and safe sampling method to
provide researchers with methodological guidance.

Numerous host and environmental factors can affect the gut
microbiome, such as age, gender, ethnicity, drinking, mood
changes, as well as medication and surgical history (Vujkovic-
Cvijin et al., 2020). The collection of the contents and the analysis
strategy of the microbiome associated information data sets
should also consider the characteristics of TCM. According to
the combinatorial principle of “King, Vassal, Assistant, and
Delivery servant,” TCM is combined as a formula to treat
diseases. The effect of TCM on gut microbiota is also based on
April 2022 | Volume 12 | Article 783682
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the principle of “multiple components against multiple targets”.
In addition, the quality and efficacy of the medicine are
influenced by different techniques for extraction and isolation
of TCM ( Decoction, Maceration, Percolation, Reflux extraction,
Soxhlet extraction) (Zhang et al., 2018; Zhang et al., 2019). It is
necessary to strictly follow the instructions to ensure the
consistency of TCM quality (Sinha et al., 2015). Therefore, the
production information and usage of TCM should be recorded
and is essential in order to interpret the results. Different fecal
textures have significant differences in the structural
characteristics of the gut microbiome (Lewis and Heaton,
1997). During the TCM clinical trials, the Bristol classification
chart can record the consistency and texture of the feces to
effectively distinguish the types of samples from severe
constipation to severe diarrhea (Bellini et al., 2017). Moreover,
observing the condition of the feces is also an important
reference tool to identify different TCM syndromes.
Combining the fecal information such as the accompanying
symptoms during defecation, the shape, smell, color, and fecal
residue, TCM syndrome differentiation analysis of the feces can
be performed. However, it is impractical to record all microbial-
related confounding factors because the comprehensiveness and
feasibility of data collection are equally important (Integrative
and (iHMP) Research Network Consortium, 2014). Therefore,
the controllable and significant factors within TCM clinical trials
should be analyzed and recorded as often as possible.

The most “representative” collection time of fecal samples within
TCM clinical trials is prior to taking the medicine in the morning.
At that time the efficacy of TCM has been stabilized, and the acute
stimulation of the gastrointestinal tract and flora by the drug can be
avoided in order to obtain samples with a higher positive rate (Wu
and Tan, 2019). Since fecal samples collected at different timepoints
are an important source of heterogeneity, fixed bowel habits are
conducive to forming a consistent collection timepoint and
reducing the risk of bias (Choo et al., 2015). In addition, non-
drug therapies such as acupuncture andmassage are also commonly
used methods of Chinese medicine used to treat disease (Millstine
et al., 2017). After therapeutic intervention, the collection time of the
fecal samples is less rigid; thus, improving the convenience of fecal
sampling. Many of TCM clinical trials rely on participants collecting
fecal samples at home. Some studies have indicated that
understanding the purpose of TCM treatment and providing a
collecting method leaflet will increase the participant willingness
and the accuracy of self-collect fecal samples (Lecky et al., 2014).
Therefore, we recommend that researchers should explain the
procedures and reasons for these specific collection methods to
participants. TCM clinical trials usually include multiple treatment
cycles. Experts suggest that longitudinal surveys involving time
sequence analyses of the gut microbiome relative to clinical
metadata results should be used as a strategy to reduce the risk of
bias in the analysis results (Miyoshi et al., 2020; Fan and Pedersen,
2021). Therefore, we recommend that the frequency of sample
collection be done prior to treatment and once during each
treatment cycle. Some research has found differences in the
microbial structure of different fecal collection sites (Swidsinski
et al., 2008). It is necessary to consider the potential variability and
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risks of the sampling sites (Wu et al., 2019). Thus, we emphasize
that the specific collection site should be the part of the fecal sample
that is not exposed to air (Hsieh et al., 2016). Numerous compounds
in TCM have low bioavailability and high levels of fecal residue.
Studies have shown that DNA extraction and sequencing of fecal
samples requires that each sample weigh no less than 200 mg after
removing the residues (Claassen et al., 2013). Therefore, in order to
avoid the adverse influences of residual TCM in the feces, we
recommend that the sample collection amount be approximately 1-
2 grams to avoid insufficient sample size leading to errors in DNA
yield and purity.

The preservation conditions of the fecal samples can significantly
affect the integrity of the extracted DNA and RNA as well as the
composition of the microbial community (Wu et al., 2021). A
reasonable protocol on the preservation conditions is of great
significance to ensure the quality of the samples. The
transformation of TCM compounds depends on specific enzymes
in the gut microbiome. Freezing immediately after sampling can
reduce DNA degradation and enzyme activity in order to prevent
the growth of residual bacteria and potential contaminants (Bahl
et al., 2012). Currently, no standards stipulate the specific length of
time that a stool specimen is exposed to ambient air after being
discharged from the body until it freezes (Guo et al., 2016). It is
usually recommended to freeze within 15 minutes after a bowel
movement (Carroll et al., 2012). Meanwhile, studies have shown
that fecal samples left at ambient temperature for more than 2 hours
facilitates the growth of aerobic bacteria and facultative anaerobes;
thus, shifting the abundance of the sample’s flora significantly
(Santiago et al., 2014). Therefore, the time should be shortened as
much as possible to prevent deviations within the analysis results
due to bacterial inhibition or overgrowth caused by local
overheating (Guo et al., 2016). Ideally, fecal samples that are
frozen immediately should be shipped to the sample library as
soon as possible. A temperature of -80°C is considered the optimal
temperature for solidifying the proteins in the specimen, promoting
the inactivation of DNA hydrolases, and helping to obtain high-
quality bacterial DNA (Shaw et al., 2016; Vogtmann et al., 2017).
Fecal samples stored at -80°C should avoid freeze-thaw cycles,
because the ice crystals formed during the freeze-thaw process
can cause cell rupture leading to DNA damage and cell apoptosis
(Li et al., 2016). Numerous freeze-thaw cycles lead to poor
metagenomic DNA quality and reduced bacterial diversity, which
adversely affects the results of subsequent sequencing analysis. In
addition to using ultra-low temperature equipment, split charging of
fecal samples is an important method in order to prevent further
unnecessary freeze-thaw cycles (Thomas et al., 2015). Fecal samples
stored at -80°C usually do not exceed 6months (Carroll et al., 2012).
However, some studies have shown that fecal samples can maintain
a stable microbial community for up to 2 years after being frozen at
-80°C (Shaw et al., 2016).

In the process of fecal sample transportation from the sample
library to the laboratory for testing, the transfer-out,
transportation, and transfer-in parties are responsible for the
samples management. Low-temperature transportation is a
common practice (Yang et al., 2020). Usually, different
methods such as dry ice, medical transfer box, and cold chain
April 2022 | Volume 12 | Article 783682
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transportation can be utilized (Vandeputte et al., 2017). Studies
have shown that 4°C refrigerated transportation can be selected
when the transportation time is within 24 hours; however, some
microorganisms that are susceptible to temperature will decrease
or even die over time (Wu et al., 2010). So far, the current
temperature range and allowable time during the transportation
of fecal samples are still vague and more data is still needed to
establish a consensus. Moreover, decreasing the transportation
temperature and times as much as possible is beneficial in
maintaining sample integrity (Human Microbiome Project
Consortium, 2012). Researchers must also prevent excessive
vibration, device damage, specimen contamination, and label
loss during sample transfer. The development and application of
information technology, information-based data management
systems, and databases provide strong support for the quality
control of TCM clinical trials. When economic and equipment
conditions permit, data management systems should be used to
record and store clinical data and sample information.

Obtaining fecal samples in TCM clinical trials involves
numerous procedures, ranging from clinical information
processing to sample collection, preservation, and transportation.
Operational errors in each of these steps will cause strong biases in
the downstream analysis results. Therefore, establishing
standardized fecal sample protocols is an important measure
needed to reduce the risk of bias caused by improper operations
and handling (Cardona et al., 2012). At present, fecal sampling that
meets the characteristics of TCM has always lacked a consensus
protocol, which is a key issue that needs to be urgently solved. In
order to meet the needs of TCM-microbiome research, some
methodological studies have provided the basis for this consensus
(Gerasimidis et al., 2016; Song et al., 2016). Therefore, we combine
the characteristics of TCM clinical trials to propose strategies for
dealing with the common confounding factors within clinical
metadata; therefore, generating principles for the handling of fecal
samples. This standardized protocol for fecal samples provides
methodological guidance for studying the gut microbiome in
TCM clinical trials. Meanwhile, it also provides a basis for
conducting inter-research comparisons or meta-analyses, as well
as integrating TCM-microbiome databases (Costea et al., 2017).
Numerous problems have been resolved with the accumulation of
knowledge and evidence, helping the quality control of microbiome
fecal sampling research. However, the current methods still have
limitations, and do not meet the demands for better quality control
of the metagenomic analysis in TCM clinical trials. In the future, as
more high-level evidence determines the optimal operating
procedures, these guidelines will help with the revision of this
research standard. It should be noted that this standard is mainly
used for analysis of fecal samples collected from TCM clinical trials,
including metagenomics, 16S rRNA gene amplicon sequencing,
metatranscriptomics, and metabolomics. For other research
purposes, such as multi-omics analysis (Whon et al., 2021),
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microbial culture (Lagier et al., 2018), fecal microbiota
transplantation (Allegretti et al., 2019), etc., the procedure may
need to be adjusted based on this standard.
CONCLUSIONS

In this study, we have standardized a protocol in order to provide
methodological guidance for the manipulation and processing of
fecal samples for the study of the gut microbiome in TCM and
modern medicine clinical trials and can be used as a reference for
clinicians and researchers. This consensus standard has been
established, reviewed, and approved by the Standards Office of
China Association of Chinese medicine. We hope that the
methods provided here will help investigators in TCM-
microbiome research advance their studies.
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