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Abstract. The intestinal microbiota is a complex ecosystem
that not only affects various physiological functions, such as
metabolism, inflammation and the immune response, but also
has an important effect on the development of tumors and
response to treatment. The detection of intestinal flora enables
the timely identification of disease-related flora abnormalities,
which has significant implications for both disease preven-
tion and treatment. In the field of basic and clinical research
targeting gut microbiome, there is a need to recognize and
understand the laboratory assays for gut microbiomics.
Currently, there is no unified standard for the experimental
procedure, quality management and report interpretation of
intestinal microbiome assay technology. In order to clarify the
process, the Tumor and Microecology Committee of China
Anti-Cancer Association and the Tumor and Microecology
Committee of Hubei Provincial Immunology Society orga-
nized relevant experts to discuss and put forward the standard
technical specifications for gut microecomics laboratories,
which provides a basis for further in-depth research in the field
of intestinal microecomics.
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1. Introduction

The intestinal microecology (IM), also known as the intestinal
microbiota and intestinal flora, is the largest and most impor-
tant microecological system of the human body and the key
factor for activating and maintaining the physiological func-
tions of the intestine. An increasing number of studies have
been conducted to investigate the effects of intestinal microor-
ganisms on various tissues and organs of the human body, as
well as their relationship with various diseases, and the find-
ings are gradually being translated into clinical practice (1,2).
Microecological treatment strategies, such as fecal microbiota
transplantation (FMT), IM regulators and genetically engi-
neered bacteria, have improved curative effects on refractory
Bacillus infection, inflammatory bowel disease (IBD)
and graft-versus-host disease than traditional methods (3).
Intestinal microorganisms affect the occurrence, progression,
treatment response and toxic side effects of tumors. With
more research being performed on the IM and tumors, a new
chapter has been opened in IM research driven by methods
and technologies, such as second-generation sequencing and
bioinformatics. The IM maintains the function of the host
immune system and plays a key role in tumor-controlling drug
therapy. Increasing evidence has proven that the efficacy of
tumor control drugs depends largely on the IM balance and
strategies based on IM technology have shown promising
application prospects in tumor diagnosis and treatment.

2. Overview

Experimental microbiology techniques. Studies have shown
that a variety of human diseases, such as digestive tract


https://www.spandidos-publications.com/10.3892/etm.2024.12692

2 GUO et al: CHINESE EXPERT CONSENSUS ON STANDARD TECHNICAL SPECIFICATIONS FOR A GUT MICROECOMICS LABORATORY

diseases, metabolic syndrome, cardiovascular and cerebro-
vascular diseases, immune-related diseases, mental disorders
and tumors, are closely related to dysbiosis of the intestinal
flora (4-6). The identification of intestinal flora enables the
timely detection of disease-related flora abnormalities and
is coordinated with targeted intervention and conditioning,
which are effective ways to regulate the IM, prevent the
occurrence of flora-related diseases and relieve symptoms (7).
The analysis of the human microbiome by 16S rRNA gene
sequencing and shotgun metagenomic sequencing provides
a wealth of microbial data resources for the prediction and
discovery of biomarkers of human diseases and health condi-
tions (8,9). The dysregulation of microbiota-host interactions
is associated with the occurrence and prognosis of numerous
diseases; however, the mechanisms of different immune
responses across individuals are not clear (10,11). In 2013,
Viaud et al (12) first reported that the IM was involved in the
regulation of the efficacy of chemotherapeutic drugs. Then
three clinical studies were published simultaneously in 2018
on the effect of intestinal bacteria on the use of PD-1 immune
checkpoint inhibitors in the treatment of tumors (13,14). These
studies demonstrated that the presence of Clostridiales in the
intestine increased the effectiveness of anti-PD-1 antibody
therapy, Bacteroidales inhibited the efficacy of treatment and
Akkermansia muciniphila enhanced the tumor-controlling
effect of anti-PD-1 antibody therapy. These findings suggest
that variations in the IM may be a major factor in the success
or failure of treatment. Bacterial strains isolated from human
feces have been found to have neoplastic effects on colon
cancer by enhancing the effect of immune checkpoint inhibi-
tors (15). In 2020, Fluckiger et al (16) reported on the specific
mechanism by which IM symbiotic-specific lymphocytes
promote the tumor-controlling immune response. The find-
ings indicated that microbial genomes may encode major
histocompatibility complex class I-restricted antigens that
induce memory CD8" T lymphocyte responses, which in turn
cross-react with cancer antigens, leading to the conclusion that
phages in the microbiota may enrich the therapeutic options
for modulating the intestinal flora and stimulating systemic
anticancer immune responses.

The role of the intestinal microbiota. A previous study
suggested that the microbiota may modulate tumor immu-
notherapy (17). Bifidobacterium is associated with tumor
control and oral administration of Bifidobacterium alone has
been shown to provide the same degree of tumor improve-
ment as PD-L1-specific antibody therapy. The combination
of the two can almost completely inhibit tumor growth,
with heightened dendritic cell function leading to enhanced
effects of CD8* T-cell initiation and accumulation in the
tumor microenvironment. The use of antibiotics has been
found to be related to the adverse effects of PD-1-blocking
immunotherapy (13); it has been suggested that patients with
unresponsive lung and renal cancer can be treated with low
levels of Akkermansia muciniphila, which can be used orally
in tumor-bearing mice (18). Subtle differences between
human health and disease can be driven by host-microor-
ganism interactions in which microbiota regulate tumor
occurrence, development and response to treatment (19,20).
In addition to the ability of different microbial species

to regulate the efficacy of chemotherapeutic drugs, the
symbiotic relationship between the epithelial barrier and
microecology plays a considerable role in local and distant
immunity, thus substantially affecting the clinical outcome of
patients with cancer (21). The use of antibiotics can weaken
the tumor-controlling effect of immune checkpoint inhibi-
tors and enhance the immunotherapy effect in the presence
of certain intestinal microorganisms (22).

The intestinal microbiome is associated with a variety of
metabolites. One study conducted a bidirectional Mendelian
randomization analysis of 3,432 Chinese individuals with
genome-wide, metagenome-wide, anthropometric and blood
metabolite characteristics data (23). This study identified 58
causal relationships between the gut microbiome and blood
metabolites and replicated 43 of them, with increased rela-
tive abundance of Oscillibacter and the Alistipes phylum
in feces being causally associated with lower triglyceride
concentrations; conversely, blood metabolites, such as gluta-
mate, appeared to reduce Oxalobacter, while the Aspergillus
phylum members were revealed to be affected by metabolites
such as 5-methyltetrahydrofolate, alanine, glutamate and
selenium. This study illustrates the value of human genetic
information to contribute to mechanistic and clinical studies
of gut microbiome characterization. Future precision medicine
strategies may rely on new diagnostic and therapeutic tools for
identifying and correcting microbiota deficiencies that affect
treatment outcomes (24).

Detection of intestinal microorganisms and markers. There
is a considerable association between the intestinal microbial
composition of patients and their clinical response. In one study,
stool samples from patients with metastatic melanoma prior
to immunotherapy were analyzed and treatment responder
samples were found to contain a greater abundance of bacterial
species such as Bifidobacterium longum, Collins aerogenes
and Enterococcus faecalis (25). After reconstructing the
intestinal flora of sterile mice with responder feces, tumor
growth slowed down, the T-cell response was enhanced and
the anti-PD-L1 therapeutic effect was markedly improved.
These results suggest that the IM may possess a mechanism
to regulate tumor-controlling immunotherapy in patients with
cancer, which is of great importance for the synergistic use of
immune checkpoint inhibitors in the treatment of tumors. A
further metagenomic study revealed functional differences in
gut bacteria in treatment responders, including enrichment in
anabolic pathways (26).

Intestinal microbial markers have great advantages in
noninvasive tumor detection. The incidence of sporadic
young-onset colorectal cancer (yCRC) has been shown to
be increasing and the diagnostic value of intestinal micro-
organisms is still unclear. Noninvasive tumor biomarkers
remain an unmet medical need, with the most extensive
and in-depth research on gut microbes and CRC (27).
Fusobacterium nucleatum is recognized as a risk factor for
CRC, which may serve as an early warning and prognostic
marker, as well as a preventive and therapeutic target for
CRC (28). Yang et al (29) conducted a study and found that the
intestinal flora diversity in patients with yCRC was increased
and patients with yCRC had unique characteristics of bacte-
rial metabolism. Flavonifractor plautii is an important
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strain involved in yCRC, whereas Streptococcus is the major
strain in old age-onset CRC, suggesting that the assessment
of gut microbial markers may be a promising noninvasive
oncological test with the potential to accurately detect and
differentiate patients with yCRC. The role of gut microbes
as diagnostic biomarkers in pancreatic cancer has also been
explored (30). Using 16S rRNA sequencing and fluorescence
in situ hybridization for detection, Kartal er al (30) found
markedly different abundances of Bacteroides, Lactobacillus
and Bifidobacterium in healthy and tumor-bearing pancreatic
tissues, demonstrating that non-invasive, robust and specific
screening based on fecal microbiota is feasible for the early
detection of pancreatic ductal adenocarcinoma. In addition
to tumors, gut microbial markers have a great advantage in
IBD. Lee et al (31) identified fecal macrogenomic, serum
metabolomic and proteomic markers that predicted different
responses to anti-cytokine or anti-integrin therapy in patients
with IBD.

In summary, different disease-associated groups of gut
bacterial species may have relevance beyond their diagnostic
use, providing promising future entry points for disease
prevention and therapeutic interventions.

Clinical application of intestinal microorganisms. As the
mechanism of action of the IM in diseases has not been
fully revealed, the identification of the IM has not been fully
accepted in the current clinical diagnosis or treatment of
tumors. The management and treatment of Clostridium diffi-
cile-associated disease (32), radiation enteritis related
to tumor radiotherapy and IM disorder, exposure to
broad-spectrum antibiotics for post-chemotherapy granulo-
cyte deficiency fever (33,34), intractable diarrhea following
recent gastrointestinal surgery and fecal transplantation, or
probiotic prophylaxis or treatment are among the conditions
that necessitate a combination of IM analysis and interven-
tion (35,36).

Furthermore, the IM may affect immune reconstitution
after allogeneic hematopoietic stem cell transplantation,
serving as an important monitoring indicator for adjusting
immune-related strategies after transplantation (2). It may also
provide information as to whether a disease is infectious or
noninfectious through intestinal bacterial diversity analysis.
The correlation of alterations in the gut microbiome with
precancerous diseases, such as obesity, diabetes and IBD, may
be an important reference for the treatment of specific types
of cancer (37).

Human microecology and various disease areas have
gained much attention, especially in the field of tumorigen-
esis, development and the effect on treatment. In addition,
research has aimed to assess the role of microecology in the
early diagnosis of tumors; the significance of microecology
in tumorigenesis, progression and prognosis; and to deter-
mine how the respiratory and intestinal flora are transferred
to various parts of the body and the inflammatory response
they cause (38). Among them, the standardization of micro-
biome assay techniques, including experimental procedures,
quality management and report interpretation, are important
for clinical and scientific research and for the identification
and determination of microbiota defects before and after treat-
ment (39,40).
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3. Technology for the detection of intestinal microbes

Detection methods. Currently, the main methods used to detect
intestinal microbes are 16S rRNA sequencing, metagenomic
sequencing and full-length gene sequencing based on nano-
pore sequencing. 16S rRNA sequencing is relatively simple
and low cost, whereas metagenomic sequencing covers a more
comprehensive range and can identify microorganisms down
to the strain level. Due to the cost, 16S rRNA sequencing is
more widely used in IM studies. The DNA sequence corre-
sponding to the 16S rRNA, which encodes the small subunit of
the prokaryotic ribosome, is present in all prokaryotic genomes
and accounts for ~80% of genomic DNA, with a molecular
size of ~1,540 bp. The 16S rRNA contains 10 constant regions
and nine hypervariable regions; the conserved regions reflect
the relatedness between species, whereas the hypervariable
regions reflect the differences between species. This feature
makes 16S rRNA a standard identification sequence for
microbial strain identification. With the rapid development of
next-generation sequencing (NGS) technology, an increasing
number of microbial 16S rRNA sequences have been deter-
mined and included in international genetic databases and
16S rRNA genes have become the most commonly used
molecular markers in phylogenetic taxonomic studies and are
widely used in microbial ecology research (41). By extracting
DNA from samples and specifically by amplifying one or two
contiguous hypervariable regions, sequencing the hypervari-
able regions using a high-throughput sequencing platform and
then performing sequence analysis and species annotation by
bioinformatics, the sample community composition can be
determined. Furthermore, o diversity and { diversity analyses
have been performed to compare the variability between
samples. Nanopore-based 16S sequencing allows the design
of primers to cover the entire 16S gene and even the entire
ribosomal manipulator. Nanopore sequencing outperforms
traditional sequencing platforms in accurately discriminating
more species (42,43).

Metagenomic sequencing refers to the high-throughput
sequencing of the genomes of microbial communities in envi-
ronmental samples, including fungi, viruses and parasites, in
addition to bacteria (44). Based on the analysis of microbial
diversity, population structure and evolutionary relationships,
metagenomic analysis can be used to further explore IM
functional activities, interbacterial collaborative relation-
ships and relationships with the environment to uncover
potential biological importance (45). Unlike traditional
microbial research methods, metagenomic sequencing lacks
the limitations of microbial isolation and culture, overcomes
the disadvantage that unknown microorganisms cannot be
detected and expands the opportunities for microbial detection
and utilization; therefore, it has been widely used in micro-
biomics research in recent years (46).

It is recommended that in specific patients (such as patients
with Clostridium difficile infection, or diarrhea due to the appli-
cation of broad-spectrum antibiotics or due to agranulocytosis
after chemotherapy and patients who are planning to undergo
fecal transplantation or probiotic prophylaxis/treatment),
in-depth microbial detection be performed (4,47). Notably,
16S rRNA sequencing used for this purpose is relatively
simple and primers are designed by combining a conserved
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region and a hypervariable region at low cost. The analysis of
some areas with categorical information outside the amplicon
being analyzed may show low resolution during identification.
Nanopore-based technologies for 16S rRNA sequencing and
metagenomic sequencing can be used to distinguish between
closely related species and have advantages in resolving repeti-
tive regions and structural variants (48). However, the error rate
of nanopore sequencing is relatively high, which is expected to
be improved as the technology continues to advance.

Detection process. The process used to evaluate the IM is
complex, involving specimen collection and management,
nucleic acid extraction, library preparation, online sequencing,
data analysis and quality control. It has been proposed that
multipoint sampling be carried out for specimen collection
in the intestine, which can prevent contamination and more
truly reflect the microbial situation in the intestine. To ensure
the stability of the intestinal flora, it is recommended that an
intestinal flora preservation solution be added immediately
after sampling, which can rapidly lyse the intestinal flora to
achieve a fixative effect and prevent the proliferation of intes-
tinal microbes outside the region, which will greatly affect the
original state of the intestinal flora. The preservation solution
can generally help the intestinal flora to remain stable at room
temperature for 1 week (Fig. 1) (49-51).

Nucleic acid extraction. Nucleic acid extraction reagents
with confirmed performance should be used and commercial
DNA extraction kits are recommended to establish a complete
nucleic acid detection process and to ensure the reproduc-
ibility and efficiency of the extraction method. The degree of
DNA degradation and contamination by various impurities
can have an effect on the sensitivity of the assay and criteria
for qualified samples are established by measuring nucleic
acid concentration, purity and integrity. The operation process
strictly adheres to the requirements of aseptic technique and
contamination prevention and control is essential for the
quality control of specimen test results. Each batch of experi-
ments needs to include an internal reference, a negative control
and a positive control. Qualified DNA can be assessed by an
A260/A280 ratio of 1.7-1.9 and an A260/A230 ratio of >2 and
DNA quality can be verified by 1% agarose gel electrophoresis
(no trailing, no stray bands and no protein contamination).
DNA integrity can be assessed using an analyzer or other
equipment. If the majority of fragments have sizes that are
<200 nt, the DNA is considered severely degraded and should
be re-extracted (52).

Library preparation. The library preparation process includes
nucleic acid fragmentation, end repair, tag-junction ligation
and PCR library construction. The library preparation has
strict requirements for nucleic acid samples; each extraction
of nucleic acid samples needs to be quantified and the starting
nucleic acid concentration should be =0.1 ng/ul to ensure that
the experimental requirements are met. If not, the nucleic
acid should be re-extracted or the sample should be sent
again. Commonly used library construction methods include
enzyme digestion library construction, ultrasonic interruption
library construction and transposase library construction. The
use of performance-proven library construction reagents or

commercial library construction kits is recommended. DNA
library quality directly affects the quality of sequencing
data; DNA should have an A260/A280 ratio of 1.75-2.00 and
a library concentration of =1 ng/ul; if these conditions are
not met, the library should be reconstructed. In addition, the
library fragment size and peak type should be assessed using
an Agilent 2100 system or other bioanalytical instruments.
The qualified library insert fragment length should be >100 bp
and the library should have an obvious main peak, no spurious
peaks, no primer dimers and no junctions. If these conditions
are not met, the library should be reconstructed or re-extracted
and if the sample is still not qualified, the sample should be
sent again. Library quantification is now commonly performed
by Qubit fluorometry and reverse transcription-quantitative
PCR. The real-time fluorescence quantitative PCR method is
recommended and NGS quantitative PCR detection kits can
be used (53-55).

Onboard sequencing. The NGS sequencing platforms
commonly used in domestic laboratories include platforms
from Illumina, Inc., Thermo Fisher Scientific, Inc. and MGI
Tech Co., Ltd., each of which have different equipment
configurations. Before sequencing, the corresponding data
parameters need to be determined according to the sequencing
platform and the appropriate chip should be chosen according
to the length of the sequencing fragment, the number of test
specimens, the quality of the specimens and the minimum
sequencing depth needed to ensure the data quality of the
sequencing results. It is recommended that commercial kits
are used. During the testing process, the data obtained, such
as the total number of read lengths and the average read
length of sequencing, are judged to be reasonable based on
indicators such as the capacity of the chip used and the size
of the constructed library fragments. Notably, the parameters
required by different sequencing platforms may vary (56).

For 16S rRNA sequencing, PCR is commonly used to
amplify V2,V3,V4,V6,V7, V8 and V9 highly variable regions
of 16S rRNA and the amplification products are quantified
and then amplified with specific junctions after end repair
to complete the sequencing library construction. The quality
control samples for 16S sequencing of the intestinal flora
should be confirmed to meet the following requirements: There
should be three peaks at ~200, 250 and 300 bp of fragment
length. Metagenomic sequencing is performed by randomly
interrupting the microbial genome and then amplifying the
fragments by adding connectors at both ends of the fragments.
The main peaks of the library fragments should be 300-500 bp
and the small fragments are spliced into longer sequences by
assembly after upstream sequencing. An ion sphere particle
density graph and sequencing length histogram are shown in
Figs. 2 and 3 (57-59).

4. Bioinformatics analysis

Bioinformatics analysts need to be proficient in NGS testing
principles and bioinformatics software operations and should
be able to maintain and manage data information, develop
new algorithms and update databases. Bioinformatics confi-
dence analysis mainly involves the processing and analysis
of raw data, including data quality control, microbial species
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Specimen rejection
1. Dry swabs, barium-containing stools,
yellow soft formed stools, dry stools or
visibly contaminated stools
2. Duplicate specimens sent within one day
3. Feces not collected with transport

Specimen collection
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Transport of specimens

Specimen labeling and request forms . LA
Use sterile, nucleic acid-free

The specimen container should be marked

1. Discharge stool into sterile disposable | —_p
stool bags and avoid using sitting toilets
or squatting bowls

2. Pick 2~5 mL of fresh stool

suspension or 2~5 g of stool specimen in
a sterile screw cap container with a sterile
bamboo swab or cotton swab and send it
immediately for examination

3. Urine and other foreign substances
should not be mixed in the stool
specimen, and the collection process
should be aseptic

medium and not sent for examination for
more than 2 h at room temperature

4. Using transport medium for more than
48 h at 4°C or more than 24 h at 35°C
without sending specimens for examination

Specimen preservation

| Transport media can be used to preserve
samples if available

containers to collect and transport
specimens, send fresh specimens for
examination whenever possible, and
cold chain transport to shorten
transport time. The type of specimen
container, temperature and storage
time can affect the integrity of the
nucleic acid. The presence of
microbial DNA in the container can
lead to false-positive gut microbiology
tests and the introduction of
background contaminants

with the patient's name and other
necessary information, and the application
form should contain the following
information: basic patient information and
contact information; hospitalization
number or outpatient number, date of
delivery; sending physician, sending unit
and contact information; patient
complaints, medical history, physical
examination, treatment and other relevant
important information

Figure 1. Flow chart of specimen collection.

detection and other processes. At present, there is no unified
standardized data analysis procedure and software for IM
testing; therefore, researchers can choose to use a commercial
automatic analysis system, or laboratories can also choose to
synchronize with international algorithms and software to
build a laboratory personalized analysis process. The micro-
bial testing database contains genome sequence information
for bacteria, fungi, viruses and parasites, with Mycoplasma,
Chlamydia, spirochetes and Rickettsia either assessed inde-
pendently or integrated into the appropriate bacteria category,
as appropriate. Public databases require validation for use.
The full-length reference genome and sequences with high
sequencing quality, sample source information and complete
clinical information should be preferentially selected for the
construction of microbial databases. Individual microorgan-
isms or nucleic acids that have been identified in specific
reagents may also be listed for each reagent used in the process
and a database of reagent background microbial sequences
should be established and removed from the report (60). The
bioinformatics analysis process is shown in Fig. 4.

Operational taxonomic unit (OTU) analysis. The original
paired end (PE) reads obtained by sequencing have a certain
proportion of sequencing errors; therefore, the original data
should be filtered before analysis to remove low-quality reads
and to obtain valid clean reads. The reads should be stitched
into tags according to the overlap relationship between PE
reads and further filtering should be performed to obtain
target fragments (clean reads). Tags should be clustered into
OTUs at a given degree of similarity and then annotated into
OTU species to obtain community composition information
for each sample. There are a number of advanced methods
for OTU clustering analysis. The UCHIME chimera detec-
tion algorithm integrates the UPARSE algorithm and the
UCHIME algorithm, which is a considerable improvement
over the previous clustering methods. In addition to clustering
methods, there are noise reduction methods that can be used to
generate OTUs (61,62).

The number of reads for each sample varies widely; thus,
to avoid bias caused by the different sizes of the sequencing
data, each sample should be randomly sampled at a suffi-
cient sequencing depth. The core microbiome (microbiome
covering 100% of the sample) can be obtained based on the

total number of OTUs and the species represented by the
OTUs (Fig. 5) (63).

Species accumulation curves. Species accumulation curves
are used to describe the increase in the number of species with
increasing sampling size and are a useful tool for investigating
species composition and predicting species abundance. They
are widely used in biodiversity and community surveys to
determine the adequacy of sampling size and to assess species
richness (Fig. 6) (64).

Species abundance analysis. Species abundance analysis
is based on the results of species annotation and the corre-
sponding histogram of species profiling is generated for each
sample at different levels, which can be used to visualize the
species with higher relative abundance and their proportion at
different taxonomic levels (Fig. 7) (65).

Heatmap clustering analysis. A heatmap is a graphical
presentation that represents the magnitude of values in the
data matrix as a color gradient and clusters them according
to species abundance or sample similarity. Clustering plus
grouping information, such as the treatment or sampling envi-
ronment, enables visualization of clustering of samples from
the same or similar environments and directly responds to
similarities and differences in the composition of the sample
community. Heatmap clustering analysis can be performed
separately at different classification levels (Fig. 8) (66).

a diversity. o diversity is the analysis of species diversity,
abundance and richness in a single sample and includes the
Observed_species index, Chaol index, Shannon index and
Simpson index. Sample a diversity values can be calculated
using relevant software and the corresponding dilution
curves can be generated. The dilution curve calculates the
expected value of each a diversity index when extracting n
(n is less than the total number of measured read sequences)
reads, using the known relative proportions of various
OTUs in the measured 16S rRNA sequences and then
generates a curve according to a set of n values (generally
a set of arithmetic progression less than the total number
of sequences) and the expected value of the corresponding
a diversity index and generates a statistical table of the a


https://www.spandidos-publications.com/10.3892/etm.2024.12692

6 GUO et al: CHINESE EXPERT CONSENSUS ON STANDARD TECHNICAL SPECIFICATIONS FOR A GUT MICROECOMICS LABORATORY

SN2-953-PCR_Target_for_16s_new-20220131-16S-060-1C-RL-OT2

Loading density (Avg~84%)

1000 100%

90%
800 80%
4 70%
{ 60%

4 50%

3792 wells

4 40%

30%
20%
10%

0 ksirse - . 0%
0 100 200 300 400 500 600 700 800 °
3392 wells

Figure 2. Ion sphere particle density graph. Visualization of the load distribu-
tion on the surface of the assay chip: Red indicates the high load region and
blue indicates the low load region. SN2-953-PCR-Target-for-16s-new-20220
131-16s-060-1C-RL-OT?2 is the sequencing pipeline number and sequencing
sample naming.
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Figure 3. Sequencing sequence length histogram.

diversity index. The Observed_species index indicates
the number of OTUs that was actually observed; the
Goods_coverage index indicates the sequencing depth; the
Chaol index is used to measure species abundance, i.e., the
number of species present; and the Shannon and Simpson
indices are used to estimate microbial community diversity.
Notably, the larger the Shannon index is, the higher the
diversity (67,68).

To assess the difference between o diversity indices, a rank
sum test can be performed to assess each index of a diversity
(the wilcox.test function in R can be used if two groups of
samples are compared and the kruskal.test function in R can
be used if more than two groups of samples are compared)
(Fig. 9) (69).

p diversity. p diversity is a comparison of biodiversity
between samples and can be used to compare microbial
community composition between samples. Notably, inters-
ample diversity comparisons need to be made, provided
that the number of sequences is consistent across samples.

The degree of variation in species abundance distribution
between samples can be quantified and analyzed using statis-
tics. The distance between two samples can be calculated
using the statistical algorithm to obtain a distance matrix,
which can be used for subsequent [ diversity analysis and
visual statistical analysis. Bray Curtis, Weighted Unifrac
and Unweighted Unifrac distances can be calculated based
on sample OTU abundance information, in order to assess
differences in microbial community composition between
samples (Fig. 10) (66).

ANOSIM similarity analysis. ANOSIM similarity analysis is
a nonparametric test used to determine whether the difference
between two or more groups is markedly greater than the
difference within groups and can thus determine whether the
grouping is significant (70).

Principal coordinates analysis (PCoA). To further demon-
strate the differences in species diversity between samples,
PCoA can be used to determine the magnitude of differences
between samples. In a PCoA assessment of species diversity
between samples, the presence of two samples that are close
to each other indicates that the species composition of the two
samples is similar. A PCoA graph is shown in Fig. 11 (71).

Nonmetric multidimensional scale analysis (NMDS). In
addition to PCoA, to further demonstrate the differences in 3
diversity between samples, the magnitude of the differences
between samples can be demonstrated by NMDS. The NMDS
results for f§ diversity between samples that are closer together
indicate that the species composition of the two samples is
similar. A NMDS graph is shown in Fig. 12 (71).

Linear discriminant analysis (LDA) effect size (LEfSe). LEfSe
analysis uses LDA to estimate the magnitude of the effect of
the abundance of each component (species) on the differen-
tial effect and to identify the component species that have
a significant differential effect on the sample classification
(Fig. 13) (71).

5. Quality control of experimental techniques

Laboratories need to establish and improve quality control
systems and to develop corresponding procedure documents,
standard operating procedures, internal quality control
requirements and record forms and report quality control
for each step before, during and after analysis, as well as
assessing ‘human, machine, material, method and environ-
ment’ factors. The selection of reagents in a kit and the full
process requires the consideration of residual nucleic acids
from engineered and environmentally contaminated micro-
organisms and assessment of the impact these factors have
on the assay. Internal references and negative and positive
controls should be included in each batch of experiments to
assess the presence of contamination from handling or the
environment in each batch of samples and the presence of
abnormalities in the assay process. If the quality control
product is not adequate, it is necessary to analyze the reasons
for the loss of quality and to take appropriate corrective and
preventive measures. If the contamination of reagents or



SPANDIDOS .

5§ PUBLICATIONS EXPERIMENTAL AND THERAPEUTIC MEDICINE 28: 403, 2024 7
‘ Subsampled OTU table ‘
OTU analysis ‘ Core microbiome analysis ‘

v

1‘ Species accumulation curves ‘

OTU abundance table

=
e ™~

[ Species classification and B diversity

abundance analysis

analysis

analysis

Rank abundance
curves

Species abundance " Anosim analysis

Species heatmap >
*| Adonis analysis

> NMDS

x

o diversity index

Species difference and
association analysis

»| LEfSe analysis

analysis
Analysis of

‘ nalysis o | 16s function
differences : prediction

*|  between groups
in alpha diversity
index

‘ Core-metrics analysis I
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Figure 5. Plot of total number of OTUs vs. number of samples, The horizontal
coordinate is the proportion of samples covered and the vertical coordinate is
the number of total OTUs with a statistical coverage greater than this propor-
tion of samples, which is represented in the figure as the number of OTUs for
samples above a certain proportion of coverage. OUT, operational taxonomic
unit.

problems with the test procedure are identified in the test,
the test should be repeated. Laboratories should regularly
participate in IM testing interlaboratory quality evaluation
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Figure 6. Species accumulation curves. The horizontal coordinate indicates
the number of samples and the vertical coordinate indicates the number of
OTUs. Whether the sampling amount is sufficient can be determined by the
species accumulation curve and under the premise of sufficient sampling
volume, species abundance can also be predicted by using the species accu-
mulation curve. OUT, operational taxonomic unit.

or proficiency testing and if the results are found to be incon-
sistent, the reasons need to be identified and improvements
should be made (72).
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6. IM test report form content

The IM detection report should include the total number of
sequences, sequencing coverage, sequencing depth, detection
method and the technical description of the detection process.
As needed, the abundance values of important microorganisms
at the phylum, genus and species levels should be displayed
and the reference values need to be updated in a timely
manner, according to the corresponding databases. NGS has
a higher throughput than normal PCR and the results indicate
the detection or non-detection of nucleic acid fragments of
the corresponding microorganisms in clinical specimens.

Clarification of the relationship between the species and
the infection needs to be integrated with other test results
and clinical manifestations. If microecological variants of
unknown importance are detected, this indicates that variants
are detected that are currently difficult to define clinically and
need to be evaluated in conjunction with clinical judgment.
With the advancement of science and technology, it is possible
that microecological variants that cannot be clarified at
present will be clarified in the future. The detection of normal
microecology indicates that the microecological status of the
individual can be confirmed as not abnormal, when compared
with the normal population in the database. Different regions,
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Figure 8. Species abundance heat map. Longitudinal clustering indicates how similar the abundance of the species is across samples, with closer distances and
shorter branch lengths indicating that the two species are more similar in composition across samples.

ages, dietary differences, medications and comorbidities may
affect the level of IM detection and should be reported in
conjunction with the appropriate reference information (73).

Overview indicators. The IM overview should contain a graph
comparing the levels of microbes in test subjects with healthy
individuals of the corresponding age group, the overall risk
of IM disorders, diversity, functional core flora, enterotype,
results on foodborne pathogenic and other pathogenic bacteria,
results on beneficial bacteria, results on neutral bacteria and
results on butyric acid-producing bacteria (74).

Bacterial diversity. Based on the diversity data of the flora of a
healthy group, the o diversity of the flora of the test subjects can
be assessed. When individuals have a similar environment and
lifestyle but the IM diversity index is higher in one individual,
this suggests that the intestinal tract is richer in microorganisms,

the abundance of each species is more homogeneous without
a single species occupying the majority and the intestinal flora
is healthier (75). Conversely, if the IM diversity index is low
due to the absence of a component of the flora, the metabolic
pathway responsible for this component of the flora is likely to
be absent as well, resulting in metabolic abnormalities. A low
diversity index has been shown to increase the risk of bowel
diseases, including intestinal dysbiosis, diarrhea, IBD, obesity,
prediabetes and CRC (76-78). Therefore, it is important to
consume a diverse diet and the use of antibiotics should be
reduced. It is recommended that individuals consume more
food with high dietary fiber content, supplement with probi-
otics and prebiotics if necessary, or take microecological
interventions, such as enterobacterial transplantation or FMT
to improve the diversity of intestinal flora (79).

The functional core flora is involved in energy metabolism
and fermentation in the human intestine to produce short-chain
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Figure 9. Sample sequencing depth a diversity sparse plot. The horizontal
coordinate represents the number of reads extracted and the vertical coordi-
nate represents the corresponding o diversity index value. Different colors
in the graph represent different groups of samples. When the number of
sequencing strips cannot cover the samples, the curve rises; when the number
of sequencing strips increases to cover most of the microorganisms in the
samples, the curve shows a flat trend.

fatty acids, which have multiple effects, such as maintaining
human health (80). The intestinal pattern is established by the
aggregation of different species of bacteria due to preferred
communities and is a microcosm of individual characteris-
tics, reflecting the long-term dietary habits of the individual
independent of ethnicity, geography, age and sex (81). Some
foodborne pathogenic bacteria include Campylobacter jejuni,
Clostridium botulinum and Clostridium perfringens.
Other common non-foodborne pathogenic bacteria include
Helicobacter pylori, Pseudomonas and Acinetobacter.
Beneficial bacteria include Bifidobacterium, Lactobacillus
and Lactococcus.

Neutrophilic bacteria, also known as conditional patho-
gens, are widely present in the human intestinal tract. Due
to the existence of the human immune system, disease does
not normally occur; however, once the human flora is imbal-
anced, some neutrophilic bacteria, such as Leptotrichia,
Brevundimonas and Cloacibacillus, can become conditional
pathogens. These pathogens may be associated with bacte-
remia and timely intervention is required to reduce the risk
of surgery if the standard level of bacteria is exceeded before
surgery. Furthermore, Holdemania bacteria breakdown
intestinal mucus and increase the probability of intestinal
pain and are often considered a group of pathogenic bacteria;
Rikenellaceae infections cause an increase in the levels of this
genus (82). Scardovia abundance has been reported to be mark-
edly increased in the intestine of patients with chronic kidney
disease; and the prevalence of Gemmiger (83), Parabacteroides
and Paraprevotella may be markedly increased in the intes-
tines of patients with hepatocellular carcinoma and other
conditions (84).
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Figure 10. Sample sequencing depth alpha diversity sparse plot. The hori-
zontal coordinate represents the number of reads extracted and the vertical
coordinate represents the corresponding alpha diversity index value.
Different colors in the graph represent different groups of samples. When the
number of sequencing strips cannot cover the samples, the curve rises; when
the number of sequencing strips increases to cover most of the microorgan-
isms in the samples, the curve shows a flat trend.

Disease-related risks. Studies have shown that changes
in the intestinal flora are related to the development of
various chronic diseases and the intestinal flora can be
used as a biomarker for predicting the efficacy of disease
treatment (85,86). Regional differences and age differ-
ences need to be considered when establishing models and
verifying the reliability of the model. In addition, for the
establishment of a baseline of relevant healthy individuals,
it is recommended that data from >1,000 healthy indi-
viduals be used as a normal reference range and that more
than three representative regional populations in China
be included. IM-related diseases include colic, autism and
asthma in infants (aged from birth to 1 year old); autism,
asthma and atopic dermatitis in infants (aged 1-4 years old);
gastrointestinal disorders, neurological disorders (autism)
and atopic dermatitis in children (aged 5-11 years old); and
gastrointestinal disorders, neurological disorders (autism)
and atopic dermatitis in adolescents (aged 12-18 years
old). In young adults (aged 19-35 years old), these diseases
include digestive disorders, neurological disorders
(autism and depression), nonalcoholic fatty liver disease,
gout and multiple sclerosis; in middle-aged adults (aged
36-59 years old), these diseases include digestive disorders,
neurological disorders (autism and depression), cancer
(of the lung, stomach, liver and pancreas), nonalcoholic
fatty liver disease, gout and multiple sclerosis. In elderly
adults (aged =60 years old), these diseases include gastro-
intestinal diseases, neurological diseases (Alzheimer's
disease, Parkinson's disease and stroke), cancer (of the
lung, stomach, liver and pancreas), nonalcoholic fatty liver
disease, gout and multiple sclerosis. In pregnant women
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Figure 11. Principal coordinates analysis graph. The horizontal and vertical
coordinates indicate the first and second principal coordinates, respectively;
the percentages indicate the contribution of the corresponding principal
coordinates to the difference between the samples; the P-value indicates the
degree of difference between the two groups in the corresponding principal
coordinates; the dots indicate the individual samples and the different colors
indicate that the samples belong to different groups; the horizontal box plot is
the distribution of the values of different groups in the first principal coordi-
nate; the vertical box plot is the distribution of the values of different groups
in the second principal coordinate.

(aged 18-45 years old), these diseases include gestational
diabetes, preeclampsia, postpartum depression and intrahe-
patic cholestasis. Notably, gastrointestinal diseases include
ulcerative colitis, constipation, intestinal stress syndrome
and CRC (87).

Analysis of diet, living habits and nutritional metabolic
capacity. The two most abundant phyla in the human intestinal
microbiome are Firmicutes and Bacteroides, which account
for ~90% of the total population. The Firmicutes/Bacteroides
(F/B) ratio can roughly reflect IM balance and can be used
to indirectly infer the host diet and metabolic state (88). This
ratio is closely related to the host diet and individuals with
high-fat, high-sugar and high-protein diets usually have a
high F/B ratio, whereas the consumption of high-fiber foods
can decrease the F/B ratio. Additionally, it has been reported
in the literature that F/B is positively associated with various
diseases, such as hypertension and obesity. The IM is notably
involved in nutrient metabolism in the intestine, including
carbohydrate metabolism, lipid metabolism, amino acid
metabolism and vitamin synthesis. By assessing the nutrient
metabolism ability of the intestinal flora, test subjects can be
guided to adjust their diet and change their lifestyle according
to their metabolic condition, with the aim of achieving the goal
of improving their health (89).

Bowel age prediction. The microbiome is a precise
‘biological clock’ that can be used to predict the age of most
individuals within a few years. This ‘microbiome aging

Figure 12. NMDS graph. The NMDS is an evaluation of the ranking infor-
mation of distance values, the sample information on the graph only reflects
the distance of data ranking information between samples, but not the real
numerical difference, the horizontal and vertical axes do not have weight
meaning, the horizontal axis is not necessarily more important than the
vertical axis. the overall dimensionality reduction effect of NMDS is judged
by the Stress value. Each point indicates each sample, different colors repre-
sent different groupings and the distance between points indicates the degree
of difference. NMDS, nonmetric multidimensional scale analysis.

clock’ can be used as a baseline to assess how quickly an
individual's gut ages and to determine whether substances,
such as alcohol, antibiotics, probiotics or diet, have any effect
on longevity (90). It can also be used to compare healthy
individuals with individuals who have certain diseases, such
as Alzheimer's disease and to assess whether their IM devi-
ates from normal. This analysis may also help to improve
understanding of whether certain interventions, including
medications and other therapies, have any effect on the aging
process. Since the IM varies greatly around the world, IM
data from Chinese individuals from different age groups
may be used to understand the true biological age and health
status of Chinese individuals and their neurodevelopmental
status more accurately (91).

7. Conclusion

The ongoing advances in modern science and technology
have facilitated the significant improvement of micro-
biology testing technology, leading to an increasingly
in-depth study of microecological methodology. This has
been made possible by the gradual substitution of genomics,
metabolomics, high-throughput sequencing and genetic
engineering technology in the place of more traditional
biological research methods, such as direct observation
and culture; this has greatly expanded the scope and depth
of microecological research (92,93). Human commensal
microorganisms and human health have been studied
using the 16S rRNA technique in a number of local and
international studies; this is due to the rapid development
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of human microbial high-throughput sequencing technolo-
gies in recent years (73,94). Regulation of the microbiome
testing industry has frequently been disregarded, despite
its potential to improve understanding of the human micro-
biome and to improve human health. As a result, relevant
regulatory agencies should establish uniform standards and
requirements for the industry to ensure the validity and
utility of testing (95). In light of recent regulatory develop-
ments, European clinical geneticists strongly recommend
that quality standards for genetic testing be the same as
those applied in healthcare settings, which requires the
involvement of healthcare professionals (96). The present
study systematically described the experimental proce-
dures, quality management and report interpretation of 16S
rRNA sequencing technology, thus providing a basis for
further in-depth research in the field of intestinal micro-
ecology, particularly in light of the current lack of relevant
legal regulations in China.
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