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homeostasis of the intestinal 
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Myasthenia gravis (MG) is an autoimmune disease caused by autoantibodies 

that is dependent on T-cell immunity and complement participation and 

mainly involves neuromuscular junctions. In this study, 30 patients with 

myasthenia gravis were selected and divided into pretreatment (Case group) 

and posttreatment (Treatment group) and 30 healthy volunteers (CON group) 

were included. Among them, the treatment group was treated with Modified 

Buzhong Yiqi Decoction (MBZYQD), and the levels of antibodies such as 

AChR, Musk and Titin in blood and intestinal microbiota were compared 

before treatment (Case group), after treatment (Treatment group) and in 

healthy volunteers (CON group). The results showed that after treatment with 

MBZYQD, the antibody levels of AChR, MuSK, and Titin and the inflammatory 

factor level of IL-6, IL-1β, and IL-22 in MG patients decreased significantly and 

nearly returned to a healthy level. In addition, after treatment with MBZYQD, the 

diversity, structure and function of intestinal microorganisms in MG patients 

also recovered to a healthy level. At the phylum level, the relative abundance 

of Proteobacteria in the Case group increased significantly, accompanied by 

a significant decrease in the relative abundance of Bacteroides compared 

with that in the CON group, the relative abundance of Proteobacteria and 

Bacteroides in the Treatment group was similar to that in the CON group. 

At the genus level, the relative abundance of Shigella in the Case group was 

significantly increased, accompanied by a significant decrease in the relative 

abundance of Prevotella, and the relative abundance of Shigella and Prevotella 

in Treatment group was similar to that in the CON group. Moreover, the 

fluorobenzoate degradation pathway (KO00364) was significantly increased 

in the Case group, while this pathway was significantly decreased in the 

Treatment group. In conclusion, MBZYQD can improve the immune function 

of the host by regulating the diversity, structure and function of the intestinal 

microbiota to treat myasthenia gravis.
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Introduction

Myasthenia gravis (MG) is an autoimmune mediated disease 
(Gilhus and Verschuuren, 2015). Its etiology includes environmental 
factors and genetic factors. At present, antibodies to acetylcholine 
receptor (AChR), muscle specific receptor tyrosine kinase (MuSK), 
and Rankine receptor (RyR) are known (Zhao et al., 2008; Sieb, 2014; 
Müllges and Stoll, 2019). These antibodies can interfere with the 
aggregation of AChR and affect the function of AChR and the signal 
transmission of nerve-muscle junctions, resulting in the failure of 
nerve-to-muscle action potential transmission (Gomez et al., 2010). 
Its main clinical manifestations are skeletal muscle weakness, fatigue, 
aggravation after activity, ptosis, diplopia, dysphagia, unclear 
articulation, and weak mastication (Zhao et al., 2011).

There are a large number of microorganisms in the human 
intestine, and they gradually form a complex relationship of 
mutualism with humans (Hugon et  al., 2015). The intestinal 
microbiota play a variety of role; they are not only responsible for 
digesting and absorbing nutrients, but also play an important role 
in regulating the proliferation and differentiation of epithelial cells 
and resisting the invasion of pathogens (Soderholm and Pedicord, 
2019; Rohr et al., 2020; Stacy et al., 2021). Moreover, the intestinal 
microbiota play an important role in promoting the occurrence 
and development of host innate immunity and its acquired 
immune system (Thaiss et al., 2016; Pascal et al., 2018). Studies 
have shown that there are obvious defects in the development and 
maturation of the spleen, mesenteric lymph nodes and intestinal-
associated lymphoid tissues of sterile mice, and the administration 
of microbiota or some metabolites of microbiota can induce the 
above tissues to become normal, which indicates that intestinal 
microbiota are indispensable in the maturation of the host immune 
system (Kamada et al., 2013). Moreover, the immunosuppressive 
effect of intestinal microbiota on T lymphocytes is mainly reflected 
in the two cell helper T lymphocytes - helper T cells and regulatory 
T cells (Yang et al., 2020). Regulatory T cells in the intestine have 
the anti-inflammation functions, maintaining the immune 
tolerance of the body to its own harmful substances, and 
preventing the occurrence of autoimmune disorders in the host 
(Lan et al., 2007; Gao et al., 2016; Elmadfa and Meyer, 2019).

Previous research found that compared with a normal group, 
the diversity of microorganisms in the feces of patients in an MG 
group decreased as a whole, and the structure of the microbial 
community also changed, especially the SCFA level in the feces of 
patients in the MG group, which decreased significantly (Qiu et al., 
2018; Liu et  al., 2021). The same study also found that the 

Firmicutes/Bacteroides ratio (F/B ratio) in the intestinal microbiota 
of MG patients was significantly lower than that of the healthy 
control group, and the F/B ratio can be  regarded as a 
pro-inflammatory environment. The inflammatory microbiota may 
cause damage to intestinal epithelial cells and trigger an immune 
response, eventually leading to the occurrence of various 
autoimmune diseases and an imbalance in the immune system (Qiu 
et al., 2018; Rinaldi et al., 2018). Other research explored the fecal 
microbiota of MG experimental mice (experimental autoimmune 
myasthenia gravis, EAMG) and healthy mice: At the phylum level, 
the ratio of Tenericutes/Verrucomicrobiota in the experimental 
autoimmune myasthenia gravis (EAMG) model group significantly 
decreased compared with that in the healthy control group, and 
Tenericutes/Verrucomicrobiota ratio partially recovered after 
probiotic treatment. At the family level, Lachnospiraceae decreased 
significantly in the EAMG group, and the ratio of Ruminococcaceae/
Lachnospiraceae increased significantly. After treatment with 
probiotics, the ratio of Ruminobacteriaceae to Lachnospiraceae 
decreased significantly (Rinaldi et al., 2019). Additionally, Zheng 
et al. colonized germ-free mice with MG microbiota and healthy 
microbiota. The MG microbiota mice exhibited markedly impaired 
motor performance compared with healthy microbiota mice, and 
this insufficiency could be reversed by cocolonization of germ-free 
mice with MG microbiota and healthy microbiota mice. The above 
experimental results further support the correlation between gut 
microbiota and MG (Zheng et al., 2019).

In recent years, the role of intestinal microbiota in the immune 
system and their correlation with autoimmune diseases have been 
gradually explored. Intestinal microbiota may play a role in the 
occurrence and development of MG by affecting key factors in the 
anti-inflammatory process (Rinaldi et  al., 2019). Traditional 
Chinese medicine (TCM) treatment is now considered a new 
immunomodulatory tool and a potential treatment that may 
be used to improve the symptoms of MG. Traditional Chinese 
medicine believes that MG belongs to the category of “flaccidity 
syndrome.” Most studies also show that the method of invigorating 
the spleen and replenishing qi is the key to the treatment of MG, 
and most of them use Buzhong Yiqi Decoction as the base 
prescription, which is treated according to syndrome 
differentiation, and has achieved remarkable effects (Jiang et al., 
2018; Li et  al., 2021; Zong et  al., 2021). In our clinical work, 
we found that MBZYQD has a significant effect in the treatment 
of myasthenia gravis. Its main ingredients are nine medicines, 
including Astragalus, Codonopsis, Atractylodes macrocephala, 
Cohosh, and Bupleurum chinense, et al., among which the main 
active ingredients are flavonoids, including quercetin, luteolin, 
kaempferol, and naringenin. These active ingredients have anti-
inflammatory and antioxidant effects (Imran et al., 2019; Kracht 
et al., 2020). However, the effect of MBZYQD on the intestinal 
microbiota of myasthenia gravis is unknown. By using the 
hypervariable marker sequence of the V3-V4 region of the 16S 
rRNA gene, this study established the systematic pattern spectrum 
of the intestinal microbial population, compared the differences 
in fecal microbiota between MG patients and a healthy control 

Abbreviations: MG, Myasthenia gravis; MBZYQD, Modified Buzhong Yiqi 

Decoction; SCFAs, Short chain fatty acids; AChR, Acetylcholine receptor; 

MuSK, Muscle specific receptor tyrosine kinase; RyR, Rankine receptor; F/B, 

Firmicutes/Bacteroides; TCM, Traditional Chinese Medicine; KEGG, Kyoto 

Encyclopedia of Genes and Genomes; NMDS, Non-metric multidimensional 

scaling; PCoA, Principal Co-ordinates analysis; FMT, Fecal microbiota 

transplantation.
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group, as well as MG patients treated with MBZYQD before and 
after treatment, and discussed the possible mechanism of 
traditional Chinese medicine in the treatment of MG to lay a solid 
foundation for the discovery of new diagnosis and 
treatment methods.

Materials and methods

Case source

MG patients who met the inclusion criteria in the 
cardiothoracic surgery clinic of the First Affiliated Hospital of 
Henan University of Traditional Chinese Medicine were selected, 
and a sample size of n = 90 was obtained according to the case–
control study design. That is, 30 MG patients (before (Case group, 
n = 30) and after treatment (Treatment group, n = 30)) and 30 
healthy volunteers (CON group, n = 30) were selected in this study 
(Volunteers with one of the following conditions were excluded: 
liver and /or kidney disease, mental disease, tumor, gastrointestinal 
disease, metabolic disease or any other disease that might affect 
the results of the study. Antibiotics, glucocorticoids, anti-obesity 
agents, monoclonal drugs, hypoglycemic agents or probiotics 
within 3 months were excluded).

Ethical review

The clinical research plan met the ethical standards of and was 
approved by the clinical ethics committee of the scientific research 
project of The First Affiliated Hospital of Henan University of 
Traditional Chinese Medicine: HECABX-20210185.

Diagnostic criteria

Inclusion criteria
According to the diagnostic criteria of myasthenia gravis in 

Western medicine, the condition of patients with myasthenia 
gravis is in a stable stage. In line with the diagnostic criteria of 
TCM syndrome differentiation, the disease belongs to deficiency 
of spleen and stomach qi. The age of the patients with myasthenia 
gravis in Henan was between 18 and 70 years old. No patients had 
thymoma. The test design was explained to the patients to help 
them understand the test contents, and the consent form was 
signed. Patients with myasthenia gravis who could cooperate with 
this treatment scheme and persist in treatment for 4 months were 
permitted to complete the detection of the main observation 
indices. Those who met the above conditions could be selected.

TCM syndrome was refeenced from the National Standard of 
the People’s Republic of China Terms for Clinical Diagnosis and 
Treatment of Traditional Chinese Medicine-Symptoms, issued by 
the State Administration of Technical Supervision and from the 
Guidelines for Diagnosis and Treatment of Common Diseases in 

Internal Medicine of Traditional Chinese Medicine  - Western 
Medicine Diseases issued by the Chinese Society of Traditional 
Chinese Medicine in 2008. Spleen and stomach qi deficiency 
syndrome was characterized by main symptoms, including 
drooping eyelids, light twilight, limb weakness, and dysphagia, 
chewing difficulty or chewing weakness; secondary symptoms, 
including a lack of qi and laziness, stuffiness and shortness of 
breath in the chest, choking after drinking water, inability to lift 
the neck, loss of appetite, abdominal distension, fatigue, body 
fatigue, sallow complexion, and loose stool. Tongue pulse was 
characterized by the tongue being light and fat, with tooth marks 
on the edge, with thin and white fur, and a weak pulse. TCM 
syndrome differentiation required that the main symptoms be and 
at least one secondary symptom was present, along with the 
tongue pulse meeting the described criteria.

Exclusion criteria
Exclusion criteria included the following: MG symptoms did 

not conform to TCM syndrome types (spleen stomach qi 
deficiency syndrome); myasthenic crisis and cholinergic crisis had 
occurred in the last 6 months; for women, being pregnant or 
lactating; having experienced the surgical removal of thymoma; 
being diagnosed with a serious mental illness or being unable to 
cooperate with the clinical investigation; having complications of 
serious heart, kidney, blood, or other important organ diseases; 
being allergic to drugs that might be used in this study; and having 
recently participated in other clinical studies.

Treatment plan

Thirty patients with myasthenia gravis of spleen stomach 
deficiency of vital energy type were treated with MBZYQD (drug 
composition: Astragalus membranaceus (reuse), Atractylodes 
macrocephala, Radix Pseudostellariae, Poria cocos, Angelica 
sinensis, Tangerine peel, Bupleurum, Cohosh, Roasted licorice, etc.), 
which was uniformly decocted by the decoction machine in the 
preparation room of the First Affiliated Hospital of Henan 
University of Traditional Chinese Medicine, 1 dose/day,  
2 times/day).

Research period and sample collection

The study period was 3 months (The overall framework of this 
study is shown in Figure 1A). The index collection time point at 
which feces and blood samples were collected occurred once the 
MG patients were enrolled (i.e., before the intervention of 
MBZYQD). Within 3 months of treatment, it was indicated that it 
was effective or cured according to the efficacy evaluation criteria. 
Combined with the absolute and relative score table of myasthenia 
gravis, feces and blood samples were taken again for patients with 
a relative score of more than 50%. The absolute and relative 
clinical scoring criteria for myasthenia gravis were determined in 
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Supplementary material S1. Fecal samples were collected once the 
healthy control group was enrolled. Blood test items mainly 
included AChR antibody, MuSK antibody, Titin antibody levels 
and inflammatory factor levels (IL-6, IL-1β, and IL-22). The 
clinical symptoms of myasthenia gravis patients before and after 
treatment are shown in Table 1.

Extraction and database construction of 
fecal genomic DNA

From the CON, Case and Treatment groups of fecal 
samples, 10, 17, and 13 samples were randomly selected for 16S 
rRNA gene sequencing. Total genomic DNA samples of 
bacteria in feces were extracted using the fecal DNA Extraction 
Kit (MP biomedical, Santa Ana, CA, United States) according 
to the manufacturer’s instructions and stored at −20°C before 

further analysis. The concentration and quality of extracted 
DNA were measured by the NanoDrop ND-1000 
spectrophotometer and agarose gel electrophoresis, 
respectively. The V3-V4 region of the bacterial 16S rRNA gene 
was amplified by PCR using forward primer 
(5′-ACTCCTACGGGGAGGGCAGCA-3′) and reverse primer 
(5′-GGACTACHVGGTWTCTAAT-3′). Illumina’s TruSeq 
Nano DNA LT Library Prep Kit was used to prepare the 
sequencing library.

Bioinformatics analysis

Alpha and beta diversity analysis
In this study, the alpha diversity index and beta diversity index 

were used to characterize the diversity of species within and 
between habitats respectively, to comprehensively evaluate their 
overall diversity. Alpha diversity was calculated as follows: Using 
QIIME2 (2019.4) and the ggplot2 package in R language, calculate 
the alpha diversity index (mainly including Chao1, observed 
species, Shannon, Simpson, Faith’s, PD Pielou’s evenness and 
Good’s coverage) was calculated according to the ASV/OTU table 
that was not flattened to detect biological diversity. Then, the R 
language was used to draw the specaccum species accumulation 
curve for the total number of ASVs/OTUs corresponding to each 
sample in the ASV/OTU abundance matrix to test whether the 
sample size of this study was sufficient. Beta diversity was 
calculated as follows: The vegan package in the R script was used 
for NMDS analysis. Through the dimensionality reduction 
decomposition of the sample distance matrix, the data structure 
was simplified, and the distribution characteristics of samples 
were described at a specific distance scale to show the composition 
differences of microbial communities.

A B C D

E F G

FIGURE 1

Experimental framework and Blood biochemical indexes. (A) Experimental framework. (B) AChR antibody content. (C) Musk antibody content. 
(D) Titin antibody content. (E) IL-6 content. (F) IL-1β content. (G) IL-22 content. Asterisks denote significance (*p < 0.05; **p < 0.01; ***p < 0.001).

TABLE 1 The clinical symptoms of myasthenia gravis patients before 
and after treatment.

Variables Case group Treatment 
group

p value

Gender (Female) 15 (50%) 15 (50%) NA

Age-years 59.47 ± 13.33 59.47 ± 13.33 NA

ASMG 13.56 ± 9.36 3.52 ± 3.06 0.001

RSMG (Total 

efficiency)

NA 93.86 ± 5.62 NA

MGFA 9.56 ± 4.23 2.36 ± 1.56 0.025

ADLMG 6.52 ± 3.17 1.65 ± 1.03 0.032

Note: ASMG, Absolute score of myasthenia gravis; RSMG, Relative score of myasthenia 
gravis; MGFA, Myasthenia gravis foundation of America; ADLMG, Activities of daily 
living of myasthenia gravis.
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Species composition analysis
Called the “QIIME taxa barplot” command in QIIME2, 

statistical calculations were performed on the feature table after 
removing singletons; the composition distribution of each 
sample at the phylum and genus levels was visualized; and the 
analysis results were presented in a histogram. In addition to 
showing the formation of taxonomic composition in the form 
of a tree diagram, in this study, ggtree was used as an 
evolutionary tree to show the position of ASV/OTU in the 
evolutionary tree and the evolutionary distance between them 
and to reflect their composition, abundance, taxonomy and 
other information through a heatmap and histogram (Wang 
et al., 2020).

Species difference and standard species 
analysis

After exploring the differences in microbial community 
composition, we  also need to know which species are mainly 
caused by these differences. LEfSe analysis is a difference analysis 
method that which can directly analyze the differences of all 
classification levels at the same time. At the same time, LEfSe puts 
more emphasis on finding robust differential species between 
groups, namely marker species (biomarkers). One of its 
characteristics is that it is not only limited to analyzing the 
differences in community composition in different sample groups 
but can also go deep into different subgroups and identify the 
marker microbial groups that are consistent in different subgroups. 
At present, it has been widely used in the fields of microbial 
amplification analysis and is especially suitable for finding 
biomarkers in medical research. To further compare the species 
composition differences between samples, the pheatmap package 
in R language was used to calculate the clustering results of each 
sample and each taxon, which is presented in the form of an 
interactive graph to display the distribution trend of species 
abundance of each sample. By default, the abundance data of the 
top  20 genera of average abundance were used to draw 
the heatmap.

Functional potential prediction
The above analysis focuses on the diversity and species 

composition of the microbiota. With the development of data 
analysis technology, we can refer to known microbial genome data 
to predict the composition of microbiota genes or functional units 
for samples with only microbiota marker gene sequencing data. 
The obtained functional units were used to obtain the abundance 
value of metabolic pathways according to the metabolic pathway 
database and R language analysis. Then, using the normalized 
functional unit abundance table, the R script was used to calculate 
the distance matrix in R and conduct PCoA. The PCoA 
coordinates of the sample points were output and drawn into a 
two-dimensional scatter diagram. Finally, after obtaining the 
abundance data of metabolic pathways, we attempted to identify 
the metabolic pathways with significant differences 
between groups.

Statistical analysis

A completely randomized test design was used in the study. 
The significance of the difference between the means of the groups 
was determined by one-way ANOVA. Differences with p < 0.05 
(*), p < 0.01 (**), and p < 0.01 (***) were considered to 
be statistically significant. The statistical calculations used in this 
study were performed with IBM SPSS 25.0.

Results

Blood biochemical indices

The results showed that the levels of AChR, MuSK, Titin and 
inflammatory factors (IL-6, IL-1β, and IL-22) in the Treatment 
group were significantly lower than those in the Case group, and 
there were no significant differences in the antibody levels of 
AChR, MuSK and Titin between the Treatment group and the 
CON group of healthy volunteers (Figures 1B–G).

Species composition

To further compare the species composition differences 
between samples and display the distribution trend of species 
abundance of each sample, a heatmap can be used for species 
composition analysis. At the phylum level, the relative abundance 
of Bacteroidetes in the Case group was significantly lower than that 
in the CON group, and the relative abundance of Proteus was 
significantly higher than that in the CON group. After treatment, 
the relative abundance of Bacteroidetes and Proteobacteria 
returned to the level of the CON group (Figures 2A,C). At the 
genus level, Prevotella and Megamonas were hardly detected in the 
Case group, but the relative abundance of Shigella was significantly 
higher than that in the CON group, and all bacteria returned to the 
level of the CON group after treatment (Figures 2B,D). Phylotree 
results show that Bacteroides and Prevotella are closely related, and 
both belong to Bacteroidea. They had high relative abundance in 
the Case group but low relative abundance in Treatment group and 
CON group. In addition, Roseburia and Bifidobacterium were 
closely related, and Bifidobacterium had a high relative abundance 
in the Treatment group (Figure 2E). The correlation analysis results 
of intestinal microbiota and cytokines showed that antibodies 
(AChR, MuSK, and Titin) and inflammatory factors (IL-6, IL-1β, 
and IL-22) were mainly positively correlated with Shigella and 
Enterococcus, but negatively correlated with Prevotella, Bacteroides, 
and Bifidobacterium (Figure 2F).

Alpha and beta diversity

Alpha diversity refers to the indicators of richness, diversity 
and evenness of species in  locally uniform habitats. It is also 
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known as within-habitat diversity. In this study, the alpha diversity 
results showed that the Chao1 index, Faith PD index, Shannon 
index, Simpson and observed species index of the case group were 
lower than those of the CON group, while the coverage index was 
higher than that of the CON group. In the Treatment group, these 
alpha diversity indices were restored (Figure 3A). NMDS results 
showed that the dispersion degree among samples in the Case 
group was large. After MBZYQD treatment, the dispersion 
distance among samples in the Treatment group decreased, and 

there was a great difference between the Case group and the 
Treatment group, while the distribution degree of samples in the 
Treatment group was closer to that of the CON group (Figure 3B).

Species differences and marker species

LEfSe analysis showed that Proteobacteria, Coprobacillus, 
Bacteroidia, Bacteroidales, and Bacteroidetes were the most 

A

C
E F

D

B

FIGURE 2

Species composition and association analysis. (A,C) Composition and distribution of intestinal microbiota at phylum level in Case group, Treatment 
group and CON group. (B,D) Composition and distribution of intestinal microbiota at genus level in Case group, Treatment group and CON group. 
(E) Phylotree evolutionary tree. (F) Correlation analysis of intestinal microbiota (Genus Level) and Cytokines. Asterisks denote significance (*p < 0.05; 
**p < 0.01; ***p < 0.001).

A B

FIGURE 3

Alpha and beta diversity. (A) Alpha diversity indexes. (B) Nonmetric Multidimensional scaling (NMDS).
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significantly different bacteria in Case group, CON group and 
Treatment group, respectively (Figure 4A). To further compare the 
species composition differences between samples and display the 
distribution trend of species abundance of each sample, the 
species composition of the top  20 relative abundances was 
analyzed by a heatmap. The results showed that the microbiota of 
the Case group was significantly different from that of the CON 
group and Treatment group, such as Sutterella, Oscillospira, 
Fusobacterium, Dorea, [Ruminococcus], Phascolarctobacterium, 
Shigella, and [Eubacterium], while the relative abundance of 
Prevotella, Bacteroides, and Megamonas were significantly lower 
than those of the CON group. After treatment, the relative 
abundances of these bacteria returned to the normal level, 
reaching the level of the CON group (Figure 4B).

KEGG metabolic pathway

In this study, the microbiota was mainly involved in 
metabolic pathways, including amino acid metabolism, 
carbohydrate metabolism, coenzyme factor and vitamin 
metabolism (Figure 5A). The results of functional unit PCoA 
analysis were consistent with the NMDS results in the beta 
diversity analysis results; that is, the dispersion degree between 
samples in the Case group was large. After MBZYQD treatment, 
the dispersion ranges between samples in the Treatment group 
decreased, and there were great differences between the Case 
group and the Treatment group, while the distribution degree 

of samples in the Treatment group was closer to that in the 
CON group (Figure 5B). Further analysis of the differences in 
KEGG metabolic pathways among the three groups showed 
that the Case group significantly upregulated KO00364, 
KO00624, KO00980, and KO00621 compared with the CON 
group. The KO00364 pathway was significantly downregulated 
in the Treatment group compared with the Case group 
(Figures 5C,D).

Discussion

Myasthenia gravis (MG) refers to an autoimmune disease 
in which the lesion occurs at the junction of the nerve and 
muscle, and the acquired neuromuscular junction 
transmission disorder is mediated by autoantibodies 
(Narayanaswami et  al., 2021). The etiology of myasthenia 
gravis blepharoptosis is related to many factors (Mantegazza 
et  al., 2018). At present, the commonly used treatment 
methods include cholinesterase inhibitors, 
immunosuppressants, thymectomy and so on (Farmakidis 
et al., 2018). However, because the disease is a chronic disease 
and has a long course, long-term use of the above drugs will 
produce a variety of adverse reactions, and surgical treatment 
is painful (Gajdos et al., 2012). Modern studies have found 
that there is a new cholinesterase inhibitor in MBZYQD (Liu 
et al., 2010; Cui et al., 2015). MBZYQD may affect the key 
factors in the anti-inflammatory process by regulating 

A B

FIGURE 4

Species differences and marker species. (A) Lefse analysis. (B) Species composition heatmap at phylum level in Case group, Treatment group and 
CON group.
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intestinal microbiota (Wang et al., 2022) and may play a role 
in the occurrence and development of MG (Li et al., 2021; 
Zong et al., 2021). However, it is unclear whether MBZYQD 
can improve myasthenia gravis by regulating intestinal 
microbiota. Therefore, this study analyzed the difference in 
intestinal microbiota in myasthenia gravis patients before and 
after MBZYQD treatment by high-throughput 
sequencing technology.

The results of this study showed that compared with the 
CON group, the diversity of microorganisms in the feces of 
patients in the MG group decreased as a whole, and the structure 
of the microbial community also changed. The study also found 
that the Firmicutes/Bacteroides ratio (F/B ratio) in the intestinal 
microbiota of MG patients was significantly lower than that of 
the healthy control group, and the F/B ratio can be regarded as 
a pro-inflammatory environment (Liu et al., 2021). The intestinal 
microbiota may cause damage to intestinal epithelial cells and 
trigger an immune response, eventually leading to the 
occurrence of various autoimmune diseases and an imbalance in 
the immune system (De Luca and Shoenfeld, 2019; Nakamoto 
et al., 2019; Di Tommaso et al., 2021). The view that the change 
in the F/B ratio is related to a series of autoimmune mediated 
diseases has also been supported by the research of Bibbò et al. 
(2017) and Shen et al. (2022). After MBZYQD treatment, the 
diversity and structure of the intestinal microbiota of MG 

patients recovered, and the ratio of Firmicutes/Bacteroides (F/B 
ratio) in the intestinal microbiota of MG patients also returned 
to normal.

Further analysis showed that the relative abundance of Shigella 
was significantly increased in Case group, the relative abundance of 
Shigella was restored in Treatment group, and the relative 
abundance of Shigella was closely related to that found in 
Alzheimer’s disease (AD), colitis and pancreatitis (Cattaneo et al., 
2017; Li et al., 2020; Fan et al., 2021; Pivari et al., 2022). In addition, 
the relative abundance of Prevotella and Bacteroides was significantly 
reduced in the Case group and the relative abundance of Prevotella 
and Bacteroides was restored in the Treatment group, while 
Prevotella can use carbohydrates in the intestine to produce SCFAs, 
and the quantities and relative abundance of SCFAs can 
be considered biomarkers of health (Wu et al., 2011; Martínez et al., 
2015; Yao et al., 2022). Atarashi et al. and Furusawai et al. found that 
SCFAs can directly regulate T cells to differentiate into 
CD4 + FoxP3+ T cells, change the phenotype of dendritic cells, 
induce the expression of Raldh1 in dendritic cells, promote the 
production of retinoic acid (RA), and induce the differentiation of 
CD4 + FoxP3+ T cells (Atarashi et al., 2013; Furusawa et al., 2015). 
Based on previous studies and the comparison between MG 
patients and healthy controls, it is speculated that the change in 
intestinal microbiota composition may lead to the lack or 
dysfunction of CD4 + FoxP3+ T cells induced by intestinal bacteria, 

A B

C

D

FIGURE 5

KEGG metabolic pathway. (A) KEGG metabolic pathway. (B) Functional unit PCoA analysis. Not: Each point in the functional unit PCoA analysis 
result diagram represents a sample, and points of different colors indicate different samples (groups). The percentage in the brackets of the 
coordinate axis represents the proportion of the sample difference data (distance matrix) that can be explained by the corresponding coordinate 
axis. The closer the projection distance of the two points on the coordinate axis, the more similar the functional composition of the two samples 
in the corresponding dimensions. (C) Metabolic pathway difference analysis between Case group and CON group. (D) Metabolic pathway 
difference analysis between Treatment group and Case group.
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which has a profound impact on immunity (Kwon et al., 2010; Chae 
et  al., 2012). When the number of Prevotella and Bacteroides 
colonizing in the host decreases, the content of SCFAs in the 
intestine will be affected, and the number of CD4 + FoxP3+ T cells 
in the corresponding mucosal lamina propria will also be reduced, 
leading to an imbalance in the immune response (Mangalam et al., 
2017; Shahi et al., 2019, 2020).

These results indicate that the increase in Shigella abundance 
and the decrease in Prevotella and Bacteroides abundance may 
be  important reasons for the occurrence and development of 
myasthenia gravis. Moreover, the researchers fed EAMG rats mixed 
probiotic preparations of two lactobacilli and two Bifidobacteria. It 
was found that the mixed probiotic preparations could significantly 
reduce the clinical symptoms of EAMG rats by influencing the level 
of regulatory dendritic cells and inducing CD4+ T cells to 
transform into CD4 + Foxp3+ T cells. In addition, such preparations 
can reduce the level of AChR antibody and IFN-γ, TNF-α, IL-6, 
IL-17, and other immune factors levels, which is similar to the 
results of this study, indicating that intestinal microbiota can 
participate in the pathogenesis and development of MG (Chae 
et al., 2012). It can be inferred from the pathogenesis of myasthenia 
gravis and the immune regulation mechanism of intestinal 
microbiota that the immune response to stimulate T lymphocytes 
may be the key link of intestinal microbiota leading to MG (Chen 
and Tang, 2021).

Furthermore, in the analysis of KEGG metabolic pathways, 
it was found that the Case group significantly upregulated the 
pathways of fluorobenzoate degradation (KO00364), polycyclic 
aromatic hydrocarbon degradation (KO00624), metabolism of 
xenobiotics by cytochrome P450 (KO00980) and dioxin 
degradation (KO00621) compared with the CON group. The 
KO00364 pathway significantly downregulated in the Treatment 
group compared with the Case group. This result suggests that 
KO00364 may be  the key metabolic pathway involved in 
myasthenia gravis. Previous reports have shown that this 
pathway is related to the severity of intestinal inflammation, 
such as Crohn’s disease (Montassier et al., 2015). In addition, 
the KO pathway related to the fluorobenzoic acid degradation 
pathway is often observed in the intestinal microbiota of 
patients with Clostridium difficile infection, and Proteobacteria 
bacteria involved in this pathway are significantly enriched 
(mainly including Klebsiella, Escherichia coli, unclassified 
Enterobacteriaceae, and Salmonella; Fujimoto et  al., 2021). 
Subsequently, Fujimoto et al. significantly reduced the relative 
abundance of the KO pathway related to the fluorobenzoic acid 
degradation pathway and Proteobacteria (mainly including 
Klebsiella, Escherichia coli, unclassified Enterobacteriaceae, and 
Salmonella) in the intestinal microbiota of patients infected 
with Clostridium difficile through fecal microbiota 
transplantation (FMT; Fujimoto et al., 2021). This is consistent 
with the results of this study, indicating that MBZYQD can 
improve the intestinal environment, regulate the host immune 
level, and achieve intestinal microbiota host symbiosis and 
stability by reducing the relative abundance of Proteobacteria 

and the degradation pathway of fluorobenzoic acid in 
the intestine.

Conclusion

Intestinal microbiota plays an essential role in the pathogenesis 
of myasthenia gravis. The results of this study show that the 
imbalance of the microbial community may be one of the causes 
of myasthenia gravis. Treatment with MBZYQD can adjust the 
diversity and structure of the intestinal microbiota and the 
function of the microbial community in MG patients. 
Reconstruction of the microbiota can further improve the 
immune function of the host, indicating that MBZYQD may play 
a role in the treatment of myasthenia gravis by regulating the 
intestinal microbiota and achieving intestinal microbiota host 
symbiosis and stability.

Data availability statement

The datasets presented in this study can be found in online 
repositories. The names of the repository/repositories and 
accession number(s) can be found at: https://www.ncbi.nlm.nih.
gov/genbank/, PRJNA895190.

Ethics statement

The studies involving human participants were reviewed and 
approved by the clinical ethics committee of the scientific research 
project of The First Affiliated Hospital of Henan University of 
Traditional Chinese Medicine. Written informed consent to 
participate in this study was provided by the participants’ legal 
guardian/next of kin.

Author contributions

MZ and LiL: data curation and writing — original draft. FL, LeL, 
and ZL: methodology. YG: visualization. JC: writing — reviewing 
and editing. JC: supervision, resources, and funding acquisition. All 
authors contributed to the article and approved the submitted version.

Funding

This work was supported by the Special project for scientific 
research of traditional Chinese medicine in Henan Province 
(2019ZY1003). The funders had no role in the study design, data 
collection and interpretation or the decision to submit the work 
for publication.

https://doi.org/10.3389/fmicb.2022.1082565
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://www.ncbi.nlm.nih.gov/genbank/
https://www.ncbi.nlm.nih.gov/genbank/


Zhao et al. 10.3389/fmicb.2022.1082565

Frontiers in Microbiology 10 frontiersin.org

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be  found 
online at: https://www.frontiersin.org/articles/10.3389/fmicb. 
2022.1082565/full#supplementary-material

References
Atarashi, K., Tanoue, T., Oshima, K., Suda, W., Nagano, Y., Nishikawa, H., et al. 

(2013). Treg induction by a rationally selected mixture of clostridia strains from the 
human microbiota. Nature 500, 232–236. doi: 10.1038/nature12331

Bibbò, S., Dore, M. P., Pes, G. M., Delitala, G., and Delitala, A. P. (2017). Is there 
a role for gut microbiota in type 1 diabetes pathogenesis? Ann. Med. 49, 11–22. doi: 
10.1080/07853890.2016.1222449

Cattaneo, A., Cattane, N., Galluzzi, S., Provasi, S., Lopizzo, N., Festari, C., et al. 
(2017). Association of brain amyloidosis with pro-inflammatory gut bacterial taxa 
and peripheral inflammation markers in cognitively impaired elderly. Neurobiol. 
Aging 49, 60–68. doi: 10.1016/j.neurobiolaging.2016.08.019

Chae, C. S., Kwon, H. K., Hwang, J. S., Kim, J. E., and Im, S. H. (2012). Prophylactic 
effect of probiotics on the development of experimental autoimmune myasthenia 
gravis. PLoS One 7:e52119. doi: 10.1371/journal.pone.0052119

Chen, P., and Tang, X. (2021). Gut microbiota as regulators of Th17/Treg balance 
in patients with myasthenia gravis. Front. Immunol. 12:803101. doi: 10.3389/
fimmu.2021.803101

Cui, L., Wang, Y., Liu, Z., Chen, H., Wang, H., Zhou, X., et al. (2015). Discovering 
new acetylcholinesterase inhibitors by mining the Buzhongyiqi decoction recipe 
data. J. Chem. Inf. Model. 55, 2455–2463. doi: 10.1021/acs.jcim.5b00449

De Luca, F., and Shoenfeld, Y. (2019). The microbiome in autoimmune diseases. 
Clin. Exp. Immunol. 195, 74–85. doi: 10.1111/cei.13158

Di Tommaso, N., Gasbarrini, A., and Ponziani, F. R. (2021). Intestinal barrier in 
human health and disease. Int. J. Environ. Res. Public Health 18:12836. doi: 10.3390/
ijerph182312836

Elmadfa, I., and Meyer, A. L. (2019). The role of the status of selected 
micronutrients in shaping the immune function. Endocr Metab Immune Disord 
Drug Targets 19, 1100–1115. doi: 10.2174/1871530319666190529101816

Fan, L., Qi, Y., Qu, S., Chen, X., Li, A., Hendi, M., et al. (2021). B. adolescentis 
ameliorates chronic colitis by regulating Treg/Th2 response and gut microbiota 
remodeling. Gut Microbes 13, 1–17. doi: 10.1080/19490976.2020.1826746

Farmakidis, C., Pasnoor, M., Dimachkie, M. M., and Barohn, R. J. (2018). 
Treatment of myasthenia gravis. Neurol. Clin. 36, 311–337. doi: 10.1016/j.
ncl.2018.01.011

Fujimoto, K., Kimura, Y., Allegretti, J. R., Yamamoto, M., Zhang, Y. Z., 
Katayama, K., et al. (2021). Functional restoration of bacteriomes and viromes by 
fecal microbiota transplantation. Gastroenterology 160, 2089–2102.e12. doi: 
10.1053/j.gastro.2021.02.013

Furusawa, Y., Obata, Y., and Hase, K. (2015). Commensal microbiota regulates T 
cell fate decision in the gut. Semin. Immunopathol. 37, 17–25. doi: 10.1007/
s00281-014-0455-3

Gajdos, P., Chevret, S., and Toyka, K. V. (2012). Intravenous immunoglobulin for 
myasthenia gravis. Cochrane Database Syst. Rev. 12:Cd002277. doi: 
10.1002/14651858.CD002277.pub4

Gao, W., Guo, Y., Wang, C., Lin, Y., Yu, L., Sheng, T., et al. (2016). Indirubin 
ameliorates dextran sulfate sodium-induced ulcerative colitis in mice through the 
inhibition of inflammation and the induction of Foxp3-expressing regulatory T 
cells. Acta Histochem. 118, 606–614. doi: 10.1016/j.acthis.2016.06.004

Gilhus, N. E., and Verschuuren, J. J. (2015). Myasthenia gravis: subgroup 
classification and therapeutic strategies. Lancet Neurol. 14, 1023–1036. doi: 10.1016/
s1474-4422(15)00145-3

Gomez, A. M., Van Den Broeck, J., Vrolix, K., Janssen, S. P., Lemmens, M. A., Van 
Der Esch, E., et al. (2010). Antibody effector mechanisms in myasthenia  

gravis-pathogenesis at the neuromuscular junction. Autoimmunity 43, 353–370. doi: 
10.3109/08916930903555943

Hugon, P., Dufour, J. C., Colson, P., Fournier, P. E., Sallah, K., and Raoult, D. 
(2015). A comprehensive repertoire of prokaryotic species identified in human 
beings. Lancet Infect. Dis. 15, 1211–1219. doi: 10.1016/s1473-3099(15)00293-5

Imran, M., Rauf, A., Shah, Z. A., Saeed, F., Imran, A., Arshad, M. U., et al. 
(2019). Chemo-preventive and therapeutic effect of the dietary flavonoid 
kaempferol: a comprehensive review. Phytother. Res. 33, 263–275. doi: 10.1002/
ptr.6227

Jiang, X., Chen, G., Huang, J., Xie, L., Shen, D., Jiang, K., et al. (2018). Modified 
Buzhong Yiqi decoction for myasthenia gravis: a systematic review protocol. 
Medicine (Baltimore) 97:e13677. doi: 10.1097/md.0000000000013677

Kamada, N., Seo, S. U., Chen, G. Y., and Núñez, G. (2013). Role of the gut 
microbiota in immunity and inflammatory disease. Nat. Rev. Immunol. 13, 321–335. 
doi: 10.1038/nri3430

Kracht, M., Müller-Ladner, U., and Schmitz, M. L. (2020). Mutual regulation of 
metabolic processes and proinflammatory NF-κB signaling. J. Allergy Clin. Immunol. 
146, 694–705. doi: 10.1016/j.jaci.2020.07.027

Kwon, H. K., Lee, C. G., So, J. S., Chae, C. S., Hwang, J. S., Sahoo, A., et al. (2010). 
Generation of regulatory dendritic cells and CD4+Foxp3+ T cells by probiotics 
administration suppresses immune disorders. Proc. Natl. Acad. Sci. U. S. A. 107, 
2159–2164. doi: 10.1073/pnas.0904055107

Lan, R. Y., Mackay, I. R., and Gershwin, M. E. (2007). Regulatory T cells in the 
prevention of mucosal inflammatory diseases: patrolling the border. J. Autoimmun. 
29, 272–280. doi: 10.1016/j.jaut.2007.07.021

Li, X., He, C., Li, N., Ding, L., Chen, H., Wan, J., et al. (2020). The interplay 
between the gut microbiota and NLRP3 activation affects the severity of acute 
pancreatitis in mice. Gut Microbes 11, 1774–1789. doi: 
10.1080/19490976.2020.1770042

Li, J., Qi, G., and Liu, Y. (2021). Effect of Buzhong Yiqi decoction on anti-
acetylcholine receptor antibody and clinical status in juvenile ocular myasthenia 
gravis. Medicine (Baltimore) 100:e27688. doi: 10.1097/md.0000000000027688

Liu, X. Y., Chen, S. L., and Zhang, W. X. (2010). Clinical study of strengthening pi 
and nourishing shen therapy combined with Western medicine on patients with 
glucocorticoid resistant myasthenia gravis. Zhongguo Zhong Xi Yi Jie He Za Zhi 30, 
271–274. PMID: 20535925.

Liu, P., Jiang, Y., Gu, S., Xue, Y., Yang, H., Li, Y., et al. (2021). Metagenome-wide 
association study of gut microbiome revealed potential microbial marker set for 
diagnosis of pediatric myasthenia gravis. BMC Med. 19:159. doi: 10.1186/
s12916-021-02034-0

Mangalam, A., Shahi, S. K., Luckey, D., Karau, M., Marietta, E., Luo, N., et al. 
(2017). Human gut-derived commensal bacteria suppress CNS inflammatory and 
demyelinating disease. Cell Rep. 20, 1269–1277. doi: 10.1016/j.celrep.2017.07.031

Mantegazza, R., Bernasconi, P., and Cavalcante, P. (2018). Myasthenia gravis: from 
autoantibodies to therapy. Curr. Opin. Neurol. 31, 517–525. doi: 10.1097/
wco.0000000000000596

Martínez, I., Stegen, J. C., Maldonado-Gómez, M. X., Eren, A. M., Siba, P. M., 
Greenhill, A. R., et al. (2015). The gut microbiota of rural Papua new guineans: 
composition, diversity patterns, and ecological processes. Cell Rep. 11, 527–538. doi: 
10.1016/j.celrep.2015.03.049

Montassier, E., Gastinne, T., Vangay, P., Al-Ghalith, G. A., Bruley Des Varannes, S., 
Massart, S., et al. (2015). Chemotherapy-driven dysbiosis in the intestinal 
microbiome. Aliment. Pharmacol. Ther. 42, 515–528. doi: 10.1111/apt.13302

https://doi.org/10.3389/fmicb.2022.1082565
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmicb.2022.1082565/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmicb.2022.1082565/full#supplementary-material
https://doi.org/10.1038/nature12331
https://doi.org/10.1080/07853890.2016.1222449
https://doi.org/10.1016/j.neurobiolaging.2016.08.019
https://doi.org/10.1371/journal.pone.0052119
https://doi.org/10.3389/fimmu.2021.803101
https://doi.org/10.3389/fimmu.2021.803101
https://doi.org/10.1021/acs.jcim.5b00449
https://doi.org/10.1111/cei.13158
https://doi.org/10.3390/ijerph182312836
https://doi.org/10.3390/ijerph182312836
https://doi.org/10.2174/1871530319666190529101816
https://doi.org/10.1080/19490976.2020.1826746
https://doi.org/10.1016/j.ncl.2018.01.011
https://doi.org/10.1016/j.ncl.2018.01.011
https://doi.org/10.1053/j.gastro.2021.02.013
https://doi.org/10.1007/s00281-014-0455-3
https://doi.org/10.1007/s00281-014-0455-3
https://doi.org/10.1002/14651858.CD002277.pub4
https://doi.org/10.1016/j.acthis.2016.06.004
https://doi.org/10.1016/s1474-4422(15)00145-3
https://doi.org/10.1016/s1474-4422(15)00145-3
https://doi.org/10.3109/08916930903555943
https://doi.org/10.1016/s1473-3099(15)00293-5
https://doi.org/10.1002/ptr.6227
https://doi.org/10.1002/ptr.6227
https://doi.org/10.1097/md.0000000000013677
https://doi.org/10.1038/nri3430
https://doi.org/10.1016/j.jaci.2020.07.027
https://doi.org/10.1073/pnas.0904055107
https://doi.org/10.1016/j.jaut.2007.07.021
https://doi.org/10.1080/19490976.2020.1770042
https://doi.org/10.1097/md.0000000000027688
https://doi.org/10.1186/s12916-021-02034-0
https://doi.org/10.1186/s12916-021-02034-0
https://doi.org/10.1016/j.celrep.2017.07.031
https://doi.org/10.1097/wco.0000000000000596
https://doi.org/10.1097/wco.0000000000000596
https://doi.org/10.1016/j.celrep.2015.03.049
https://doi.org/10.1111/apt.13302


Zhao et al. 10.3389/fmicb.2022.1082565

Frontiers in Microbiology 11 frontiersin.org

Müllges, W., and Stoll, G. (2019). Myasthenia gravis. Nervenarzt 90, 1055–1066. 
doi: 10.1007/s00115-019-00798-8

Nakamoto, N., Sasaki, N., Aoki, R., Miyamoto, K., Suda, W., Teratani, T., et al. 
(2019). Gut pathobionts underlie intestinal barrier dysfunction and liver T helper 
17 cell immune response in primary sclerosing cholangitis. Nat. Microbiol. 4, 
492–503. doi: 10.1038/s41564-018-0333-1

Narayanaswami, P., Sanders, D. B., Wolfe, G., Benatar, M., Cea, G., Evoli, A., et al. 
(2021). International consensus guidance for Management of Myasthenia Gravis: 
2020 update. Neurology 96, 114–122. doi: 10.1212/wnl.0000000000011124

Pascal, M., Perez-Gordo, M., Caballero, T., Escribese, M. M., Lopez Longo, M. N., 
Luengo, O., et al. (2018). Microbiome and allergic diseases. Front. Immunol. 9:1584. 
doi: 10.3389/fimmu.2018.01584

Pivari, F., Mingione, A., Piazzini, G., Ceccarani, C., Ottaviano, E., Brasacchio, C., 
et al. (2022). Curcumin supplementation (Meriva®) modulates inflammation, lipid 
peroxidation and gut microbiota composition in chronic kidney disease. Nutrients 
14:231. doi: 10.3390/nu14010231

Qiu, D., Xia, Z., Jiao, X., Deng, J., Zhang, L., and Li, J. (2018). Altered gut microbiota 
in myasthenia gravis. Front. Microbiol. 9:2627. doi: 10.3389/fmicb.2018.02627

Rinaldi, E., Consonni, A., Cordiglieri, C., Sacco, G., Crasà, C., Fontana, A., et al. 
(2019). Therapeutic effect of Bifidobacterium administration on experimental 
autoimmune myasthenia gravis in Lewis rats. Front. Immunol. 10:2949. doi: 10.3389/
fimmu.2019.02949

Rinaldi, E., Consonni, A., Guidesi, E., Elli, M., Mantegazza, R., and Baggi, F. 
(2018). Gut microbiota and probiotics: novel immune system modulators in 
myasthenia gravis? Ann. N. Y. Acad. Sci. 1413, 49–58. doi: 10.1111/nyas.13567

Rohr, M. W., Narasimhulu, C. A., Rudeski-Rohr, T. A., and Parthasarathy, S. 
(2020). Negative effects of a high-fat diet on intestinal permeability: a review. Adv. 
Nutr. 11, 77–91. doi: 10.1093/advances/nmz061

Shahi, S. K., Freedman, S. N., Murra, A. C., Zarei, K., Sompallae, R., 
Gibson-Corley, K. N., et al. (2019). Prevotella histicola, a human gut commensal, is 
as potent as COPAXONE® in an animal model of multiple sclerosis. Front. 
Immunol. 10:462. doi: 10.3389/fimmu.2019.00462

Shahi, S. K., Jensen, S. N., Murra, A. C., Tang, N., Guo, H., Gibson-Corley, K. N., 
et al. (2020). Human commensal Prevotella histicola ameliorates disease as effectively 
as interferon-Beta in the experimental autoimmune encephalomyelitis. Front. 
Immunol. 11:578648. doi: 10.3389/fimmu.2020.578648

Shen, J., Yang, L., You, K., Chen, T., Su, Z., Cui, Z., et al. (2022). Indole-3-acetic 
acid alters intestinal microbiota and alleviates ankylosing spondylitis in mice. Front. 
Immunol. 13:762580. doi: 10.3389/fimmu.2022.762580

Sieb, J. P. (2014). Myasthenia gravis: an update for the clinician. Clin. Exp. 
Immunol. 175, 408–418. doi: 10.1111/cei.12217

Soderholm, A. T., and Pedicord, V. A. (2019). Intestinal epithelial cells: at the 
interface of the microbiota and mucosal immunity. Immunology 158, 267–280. doi: 
10.1111/imm.13117

Stacy, A., Andrade-Oliveira, V., Mcculloch, J. A., Hild, B., Oh, J. H., 
Perez-Chaparro, P. J., et al. (2021). Infection trains the host for microbiota-enhanced 
resistance to pathogens. Cells 184, 615–627.e17. doi: 10.1016/j.cell.2020.12.011

Thaiss, C. A., Zmora, N., Levy, M., and Elinav, E. (2016). The microbiome and 
innate immunity. Nature 535, 65–74. doi: 10.1038/nature18847

Wang, L. G., Lam, T. T., Xu, S., Dai, Z., Zhou, L., Feng, T., et al. (2020). Treeio: an 
R package for phylogenetic tree input and output with richly annotated and 
associated data. Mol. Biol. Evol. 37, 599–603. doi: 10.1093/molbev/msz240

Wang, Y., Shi, C., Yu, W., Jiao, W., and Shi, G. (2022). Efficacy of Yougui pill 
combined with Buzhong Yiqi decoction in alleviating the sexual dysfunction in 
female rats through modulation of the gut microbiota. Pharm. Biol. 60, 46–55. doi: 
10.1080/13880209.2021.2010774

Wu, G. D., Chen, J., Hoffmann, C., Bittinger, K., Chen, Y. Y., Keilbaugh, S. A., et al. 
(2011). Linking long-term dietary patterns with gut microbial enterotypes. Science 
334, 105–108. doi: 10.1126/science.1208344

Yang, W., Yu, T., Huang, X., Bilotta, A. J., Xu, L., Lu, Y., et al. (2020). Intestinal 
microbiota-derived short-chain fatty acids regulation of immune cell IL-22 
production and gut immunity. Nat. Commun. 11:4457. doi: 10.1038/
s41467-020-18262-6

Yao, Y., Kim, G., Shafer, S., Chen, Z., Kubo, S., Ji, Y., et al. (2022). Mucus sialylation 
determines intestinal host-commensal homeostasis. Cells 185, 1172–1188.e28. doi: 
10.1016/j.cell.2022.02.013

Zhao, L., Zhang, S. L., Tao, J. Y., Jin, F., Pang, R., Guo, Y. J., et al. (2008). Anti-
inflammatory mechanism of a folk herbal medicine, Duchesnea indica (Andr) Focke 
at RAW264.7 cell line. Immunol. Investig. 37, 339–357. doi: 10.1080/ 
08820130802111589

Zhao, C. B., Zhang, X., Zhang, H., Hu, X. Q., Lu, J. H., Lu, C. Z., et al. (2011). 
Clinical efficacy and immunological impact of tacrolimus in Chinese patients with 
generalized myasthenia gravis. Int. Immunopharmacol. 11, 519–524. doi: 10.1016/j.
intimp.2010.12.012

Zheng, P., Li, Y., Wu, J., Zhang, H., Huang, Y., Tan, X., et al. (2019). Perturbed 
microbial ecology in myasthenia gravis: evidence from the gut microbiome and fecal 
metabolome. Adv. Sci. 6:1901441. doi: 10.1002/advs.201901441

Zong, G., Liu, S., Chen, Z., and Hu, Y. (2021). Efficacy and safety of Buzhong Yiqi 
decoction combined with western medicine in the treatment of myasthenia gravis: 
a protocol for systematic review and meta-analysis. Medicine (Baltimore) 
100:e24807. doi: 10.1097/md.0000000000024807

https://doi.org/10.3389/fmicb.2022.1082565
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1007/s00115-019-00798-8
https://doi.org/10.1038/s41564-018-0333-1
https://doi.org/10.1212/wnl.0000000000011124
https://doi.org/10.3389/fimmu.2018.01584
https://doi.org/10.3390/nu14010231
https://doi.org/10.3389/fmicb.2018.02627
https://doi.org/10.3389/fimmu.2019.02949
https://doi.org/10.3389/fimmu.2019.02949
https://doi.org/10.1111/nyas.13567
https://doi.org/10.1093/advances/nmz061
https://doi.org/10.3389/fimmu.2019.00462
https://doi.org/10.3389/fimmu.2020.578648
https://doi.org/10.3389/fimmu.2022.762580
https://doi.org/10.1111/cei.12217
https://doi.org/10.1111/imm.13117
https://doi.org/10.1016/j.cell.2020.12.011
https://doi.org/10.1038/nature18847
https://doi.org/10.1093/molbev/msz240
https://doi.org/10.1080/13880209.2021.2010774
https://doi.org/10.1126/science.1208344
https://doi.org/10.1038/s41467-020-18262-6
https://doi.org/10.1038/s41467-020-18262-6
https://doi.org/10.1016/j.cell.2022.02.013
https://doi.org/10.1080/08820130802111589
https://doi.org/10.1080/08820130802111589
https://doi.org/10.1016/j.intimp.2010.12.012
https://doi.org/10.1016/j.intimp.2010.12.012
https://doi.org/10.1002/advs.201901441
https://doi.org/10.1097/md.0000000000024807

	Traditional Chinese medicine improves myasthenia gravis by regulating the symbiotic homeostasis of the intestinal microbiota and host
	Introduction
	Materials and methods
	Case source
	Ethical review
	Diagnostic criteria
	Inclusion criteria
	Exclusion criteria
	Treatment plan
	Research period and sample collection
	Extraction and database construction of fecal genomic DNA
	Bioinformatics analysis
	Alpha and beta diversity analysis
	Species composition analysis
	Species difference and standard species analysis
	Functional potential prediction
	Statistical analysis

	Results
	Blood biochemical indices
	Species composition
	Alpha and beta diversity
	Species differences and marker species
	KEGG metabolic pathway

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material

	References

