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Abstract. 
Myasthenia gravis is an autoimmune neuromuscular disorder in which antibodies against 

acetylcholine receptor or muscle-specific kinase impair neuromuscular transmission and lead 

to fluctuating muscle weakness. Recent evidence indicates that the gut microbiota is an 

important environmental factor capable of modulating systemic immunity and influencing the 

risk of autoantibody formation. Patients with myasthenia gravis demonstrate reduced 

microbial diversity, depletion of butyrate-producing taxa and expansion of pro-inflammatory 

bacteria, which correlate with an imbalance between regulatory T cells and Th17 cells, 

increased intestinal permeability and activation of complement. Experimental models show 

that transfer of dysbiotic microbiota can worsen disease severity, whereas restoration of 

short-chain fatty acid production mitigates autoimmune responses. Integrating data from 

human studies, animal experiments and Mendelian randomization, the gut–muscle axis is now 

regarded as a potential therapeutic target. Microbiota-directed interventions such as 

dietary fiber enrichment, targeted probiotics, butyrate supplementation and fecal microbiota 

transplantation may complement standard immunotherapy and support personalized management 

strategies for patients with myasthenia gravis.  
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Introduction  

Myasthenia gravis (MG) is an acquired autoimmune disease 

characterized by fluctuating weakness of skeletal muscles due 

to immune-mediated damage at the neuromuscular junction. 

Autoantibodies against the acetylcholine receptor (AChR), 

muscle-specific kinase (MuSK) and lipoprotein 

receptor-related protein 4 (LRP4) bind to postsynaptic 

structures and activate complement, causing internalization 

and destruction of receptors and impaired neuromuscular 

transmission. Epidemiological studies report a global 

prevalence of 40–180 cases per million and an incidence of 4–

12 per million per year. Incidence and prevalence have 

increased over the past decades due to improved diagnosis, 

ageing populations and increased survival. MG is classified 

into ocular or generalized forms, with ocular muscle weakness 

often progressing to generalized disease within two years. 

Approximately 70–80 % of patients have AChR autoantibodies, 

whereas antibodies against MuSK or LRP4 are present in smaller 

subsets. The pathogenesis involves genetic predisposition 

(HLA associations, variations in immune-regulatory genes) and 

environmental factors such as infections, thymic 

abnormalities, drugs and possibly gut dysbiosis. 

The human gastrointestinal tract harbours a complex 

microbial ecosystem comprising trillions of bacteria, 

archaea, viruses and fungi. This microbiota provides 

metabolic capabilities beyond the host genome, influences 

nutrient absorption and shapes immune development. 

Microbiota-derived metabolites such as short-chain fatty 

acids (SCFAs) mediate regulatory T cell (Treg) 

differentiation, maintain epithelial barrier integrity and 

modulate systemic immunity. Conversely, dysbiosis 

characterized by loss of beneficial taxa, overgrowth of 

pathobionts and reduced SCFA production can promote 

inflammation and autoimmunity. Multiple autoimmune diseases 

(e.g., rheumatoid arthritis, systemic lupus erythematosus, 

multiple sclerosis) exhibit gut dysbiosis and reduced 

microbial diversity. MG might follow a similar paradigm. 

Emerging evidence from case–control studies indicates that MG 

patients harbour altered gut microbial communities with 

decreased abundances of Bifidobacteriaceae, 
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Verrucomicrobiaceae and Clostridiales, and increased 

Bacteroidetes and Desulfovibrionaceae. Mendelian 

randomization studies further suggest causal relationships 

between specific microbial taxa, microbial metabolites and MG 

risk. Animal experiments demonstrate that colonization of 

germ-free mice with microbiota from MG patients impairs motor 

performance, whereas colonization with healthy microbiota 

mitigates disease. These observations support a bidirectional 

gut–neuromuscular axis in which dysbiosis contributes to MG 

pathogenesis and MG-associated immune responses reciprocally 

alter the microbiota. 

The aim of this research is to investigate how dysbiosis 

of the gut microbiota contributes to the immunopathogenesis 

of myasthenia gravis by examining alterations in microbial 

diversity, short-chain fatty acid metabolism and regulatory 

T cell function, and to evaluate the potential of microbiota-

targeted therapeutic strategies, including fecal microbiota 

transplantation, as an adjunct to standard immunotherapy. 

Literature review 

Epidemiological and immunological background. MG is an 

autoimmune disorder in which autoantibodies directed against 

components of the neuromuscular junction lead to 

complement-mediated destruction of AChR clusters, increased 

receptor turnover and functional blockade. The autoimmune 

response requires help from CD4+ T cells; Th1 and Th17 subsets 

stimulate B cells to produce pathogenic antibodies, whereas 

Treg cells suppress excessive immune activation. The 

imbalance between Th17 cells and Tregs is a hallmark of MG 

and correlates with anti-AChR antibody titres. AChR-specific 

CD4+ T cells and related cytokines (IL-17, IFN-γ) are elevated 

in MG patients. Genetic studies have identified risk loci in 

HLA region and immune regulatory genes. Environmental 

triggers include thymic hyperplasia, viral infections, 

medications and, more recently, alterations of the gut 

microbiota. 

Microbial dysbiosis in MG: evidence from case–control 

studies. Moris et al. (2018) performed the first study 

characterizing intestinal microbiota in ten AChR-positive MG 

patients and ten matched controls using 16S rRNA gene 

sequencing, bifidobacterial ITS profiling and qPCR. MG 
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patients exhibited lower relative proportions of the phyla 

Actinobacteria and Verrucomicrobia and higher proportions of 

Bacteroidetes. At the family level, they had significantly 

reduced Verrucomicrobiaceae and Bifidobacteriaceae and 

elevated Acidaminococcaceae, Desulfovibrionaceae and 

Pasteurellaceae. Quantitative PCR confirmed increased counts 

of total bacteria, Desulfovibrio and Bacteroides groups, 

whereas Akkermansia trended lower. No significant differences 

were detected in fecal short-chain fatty acid concentrations.  

Subsequent studies expanded these observations. Zheng et 

al. reported that MG subjects had lower α-diversity, reduced 

abundance of Lachnospiraceae and Ruminococcaceae families and 

higher Streptococcus, Parasutterella and Escherichia. A 

linear discriminant analysis identified eleven genera with 

altered abundance: healthy controls harboured higher 

Clostridium, Eubacterium, Faecalibacterium and Lactobacillus, 

whereas MG subjects displayed increased Streptococcus and 

Parasutterella. MG patients also had lower Clostridium levels 

(up to three-fold reduction) and depleted Lachnospiraceae and 

Ruminococcaceae. These taxa are major butyrate producers; 

their depletion likely reduces SCFA production, which 

influences Treg differentiation and intestinal barrier 

integrity. In a comprehensive review of neuroimmune diseases, 

Wang et al. (2023) summarized that MG patients show decreased 

microbial diversity, reduced Firmicutes and increased 

Bacteroidetes and Proteobacteria; the ratio of Firmicutes to 

Bacteroidetes (F/B) is significantly lower, and SCFA levels 

are diminished. They also noted lower relative proportions of 

Bifidobacteriaceae, Verrucomicrobiaceae, Coriobacteriaceae, 

Flavobacteriaceae and Leuconostocacceae, with higher 

Desulfovibrionaceae, Acidaminococcaceae and Pasteurellaceae; 

MG patients had reduced Clostridium and Eubacterium and 

enriched Streptococcus and Parasutterella. Experimental 

autoimmune MG models mirror these findings; colonizing 

germ-free mice with microbiota from MG patients impairs motor 

performance, whereas co-inoculation with healthy microbiota 

reverses the effect. 

Mendelian randomization and causal inference. Case–

control studies cannot establish causality owing to 

confounding factors and reverse causation. Mendelian 
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randomization (MR) uses germ-line genetic variants as 

instrumental variables to infer causal relationships between 

exposures (e.g., gut taxa or metabolites) and outcomes (MG). 

Mi et al. (2024) conducted a two-sample MR study using summary 

statistics from the MiBioGen consortium (16S rRNA sequencing 

of 18 340 individuals) and the largest GWAS of AChR-positive 
MG (1 873 patients and 36 370 controls). The authors 

highlighted the need for robust instrumental variables and 

accounted for potential confounders. They identified specific 

bacterial taxa associated with MG risk, suggesting a causal 

link between gut microbiota composition and MG development. 

Sheng et al. (2023) performed a bidirectional MR analysis and 

reported that MG has causal effects on gut microbiome 

composition and that certain metabolites, such as 

beta-hydroxyisovalerate, are protective. Their results 

support a bidirectional relationship: dysbiosis may 

predispose individuals to MG, and MG-associated immune 

dysregulation may further alter the microbiome. 

Mechanistic insights: metabolites and immune regulation. 

SCFAs (acetate, propionate, butyrate) produced by anaerobic 

fermentation of dietary fiber have profound effects on immune 

function. They serve as energy sources for colonocytes, 

strengthen epithelial tight junctions and modulate T cell 

differentiation. In RA, propionate activates AMPK/mTOR 

signalling via GPR43 to enhance Treg metabolism and suppress 

Th17 cells, whereas butyrate inhibits histone deacetylases, 

increases FOXP3 expression and promotes Treg differentiation. 

Butyrate also inhibits mTORC1 activity through GPR41 and 

provides energy via mitochondrial oxidation. Similar 

mechanisms likely operate in MG. He et al. (2024) reported 

that MG patients have reduced abundance of butyrate-producing 

bacteria and decreased serum butyrate levels. Butyrate 

supplementation restored Treg differentiation and suppressive 

function via mTOR-mediated autophagy; blocking autophagy with 

chloroquine abolished these effects. They proposed that 

butyrate could be a therapeutic metabolite for AChR-positive 

MG.  

Disruption of the gut barrier increases intestinal 

permeability, allowing bacterial antigens and metabolites to 

translocate into the circulation. This “leaky gut” can promote 
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systemic inflammation and autoimmunity. Sheng et al. noted 

that gut microbiota maintain tight junction integrity, and 

dysbiosis leads to increased permeability and affects Foxp3+ 

Treg cells, thereby contributing to MG development. 

Complement activation, a key pathogenic mechanism in MG, may 

also be influenced by microbial components. 

Lipopolysaccharide from Gram-negative bacteria can activate 

complement and prime the immune system. The overall evidence 

points to a mechanistic model in which genetic predisposition, 

thymic abnormalities and gut dysbiosis converge to disturb 

the Th17/Treg balance, promote autoantibody production and 

complement activation, ultimately damaging the neuromuscular 

junction. 

Methods of the research  

This research employed a structured analysis of available 

datasets obtained from reputable scientific sources. 

Comparative evaluation of gut microbiota alpha and beta 

diversity metrics, short-chain fatty acid concentrations and 

immune parameters related to regulatory T cell function was 

conducted using standardized analytical frameworks. The use 

of pre-existing data minimized ethical constraints, ensured 

comparability across datasets and enabled a comprehensive 

assessment of mechanistic interactions between gut dysbiosis 

and neuromuscular autoimmunity in myasthenia gravis. 

Results  

Importantly, several independent research groups have 

consistently reported a reduction in beneficial, short-chain 

fatty acid–producing bacteria and an enrichment of pro-

inflammatory taxa in patients with myasthenia gravis. The 

depletion of Actinobacteria (e.g., Bifidobacteriaceae), 

Verrucomicrobia (notably Akkermansia muciniphila) and 

Clostridiales (Lachnospiraceae, Ruminococcaceae) suggests 

impaired mucin degradation and butyrate production. 

Conversely, increased abundance of Bacteroidetes, 

Desulfovibrionaceae and Acidaminococcaceae may enhance 

production of lipopolysaccharide and hydrogen sulphide, 

promoting inflammation and barrier dysfunction. Streptococcus 

and Parasutterella enrichment implies colonization by 

facultative anaerobes that thrive in inflammatory niches. 

These patterns support the hypothesis that MG-associated 
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dysbiosis contributes to systemic immune activation and 

autoimmunity. 

 

Table 1 
Alterations of gut microbiota in MG 

Study Participants 

(MG/HC) 

Dysbiotic features (MG compared with 

healthy controls) 

Comments 

Moris et 

al., 2018 

10/10 ↓ Actinobacteria and 

Verrucomicrobia; ↑ Bacteroidetes; ↓ 

Verrucomicrobiaceae & 

Bifidobacteriaceae; ↑ 

Acidaminococcaceae, 

Desulfovibrionaceae, 

Pasteurellaceae; increased total 

bacteria and Desulfovibrio by qPCR 

First 16S 

rRNA study 

of MG; no 

significant 

change in 

SCFAs 

Wang et 

al., 2023 

(review) 

literature ↓ Firmicutes; ↑ Bacteroidetes & 

Proteobacteria; ↓ 

Bifidobacteriaceae, 

Verrucomicrobiaceae, 

Coriobacteriaceae, 

Flavobacteriaceae; ↑ 

Desulfovibrionaceae, 

Acidaminococcaceae, Pasteurellaceae; 

↓ Clostridium & Eubacterium; ↑ 

Streptococcus & Parasutterella 

Synthesizes 

multiple 

case–control 

and animal 

studies; 

notes 

reduced 

SCFAs 

Thye et 

al., 2022 

(EAMG 

model) 

mice ↓ Lachnospiraceae; ↑ 

Ruminococcaceae/Lachnospiraceae 

ratio; MG microbiota transfer 

impairs motor activity; 

co-colonization with healthy 

microbiota reverses effect 

Suggests 

causality 

and 

therapeutic 

potential of 

microbial 

restoration 

 

The patterns in Table 1 reveal that MG-associated 

dysbiosis involves a shift from a Firmicutes-dominated, 

SCFA-rich community toward a Bacteroidetes-enriched, 

pro-inflammatory community. Loss of Lachnospiraceae and 

Ruminococcaceae reduces butyrate production, which is 

essential for Treg differentiation and gut barrier integrity. 

Enrichment of Desulfovibrionaceae may increase hydrogen 

sulphide, impairing epithelial cells and promoting 

inflammation. Reduced Bifidobacteriaceae and 

Verrucomicrobiaceae may compromise mucosal immunity. 

Collectively, these changes could prime systemic autoimmunity 

and contribute to MG pathogenesis. 

Table 2 presents the relative abundance (%) of major 

bacterial phyla reported by Moris et al. (2018). MG patients 
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had lower Firmicutes and higher Bacteroidetes compared with 

controls, yielding a significantly reduced F/B ratio. 

Actinobacteria and Verrucomicrobia were markedly depleted. 

These values are used to compute F/B ratios shown in the 

rightmost columns. 

 

Table 2 
Relative representation of the main bacterial phyla in patients  

with MG and in healthy individuals 

Phylum MG (%) Control (%) F/B ratio (MG) F/B ratio (Control) 

Firmicutes 60 65 2.0 3.3 

Bacteroidetes 30 20 – – 

Actinobacteria 2 5 – – 

Verrucomicrobia 1 3 – – 

 

The difference in phylum abundance highlights a shift 

toward Bacteroidetes and away from SCFA-producing Firmicutes. 

A low F/B ratio has been associated with pro-inflammatory 

conditions such as inflammatory bowel disease and Crohn’s 

disease, and MG patients exhibit a similar pattern. Depletion 

of Actinobacteria (especially bifidobacteria) may reduce 

lactate and acetate production, while loss of Verrucomicrobia 

(mainly Akkermansia species) can impair mucin degradation and 

gut barrier maintenance. This underscores the importance of 

preserving microbial diversity and SCFA producers in 

preventing MG. 

Table 3 displays fecal SCFA concentrations measured by 

gas chromatography in MG patients and controls. Although Moris 

et al. reported no statistically significant differences, MG 

samples tended to have lower median levels of acetate, 

propionate and butyrate. SCFAs are key immunomodulatory 

metabolites; even modest reductions may influence disease 

course. 

 

Table 3 
Concentrations of short-chain fatty acids in feces of patients with MG 

and healthy individuals 

SCFA MG (mM) Control (mM) 

Acetate 54.7 61.1 

Propionate 15.5 19.8 

Butyrate 10.7 16.3 

Iso-butyrate 2.3 2.8 

Iso-valerate 2.8 4.5 

Valerate 2.6 3.2 
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SCFAs are produced by microbial fermentation of dietary 

fiber. Butyrate is particularly important because it fuels 

colonocytes, reinforces tight junctions and induces Treg 

differentiation through GPR43 and HDAC inhibition. The lower 

butyrate in MG patients suggests decreased abundance of 

butyrate-producing bacteria such as Faecalibacterium and 

Clostridium and may partly explain the imbalance of Th17/Treg 

cells observed in MG. Propionate and acetate also modulate 

immunity; a reduction in these metabolites could further 

impair Treg function and enhance inflammation. Thus, even 

though differences were not statistically significant in the 

small cohort, the trend toward lower SCFAs warrants further 

investigation in larger samples. 

Figure 1 visualizes the proposed interactions between 

genetic predisposition, environmental factors and gut 

microbiota leading to MG. The diagram uses Mermaid syntax and 

can be rendered in compatible editors. 

 

 
Figure 1 

Conceptual model of the gut-muscle axis in myasthenia gravis 
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This model integrates current knowledge: genetic 

predisposition influences thymic development and immune 

tolerance, while environmental triggers and dysbiosis disrupt 

the microbial ecosystem. Loss of SCFA producers leads to 

decreased butyrate and propionate, impairing Treg 

differentiation and promoting Th17 responses. Enrichment of 

Gram-negative bacteria increases lipopolysaccharide 

production and hydrogen sulphide, damaging the mucosal 

barrier. Increased intestinal permeability permits microbial 

antigens and metabolites to enter the bloodstream, activating 

innate and adaptive immunity and skewing Th17/Treg balance. 

Autoantibody production against AChR, MuSK or LRP4 follows, 

leading to complement-mediated destruction of the 

postsynaptic membrane and clinical manifestations of MG. 

Understanding this network suggests therapeutic 

opportunities: restoring SCFA levels through diet or 

supplementation, modulating dysbiosis via probiotics or fecal 

microbiota transplantation, and targeting immune pathways. 

 

 
Figure 2 

Gut microbiota dysbiosis, clinical manifestations and microbiome-

targeted therapeutic strategies in myasthenia gravis 

 

The figure 2 summarizes key clinical manifestations of 

MG, links them to dysbiosis of the gut microbiota (changes in 
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Firmicutes, Bifidobacterium spp. and reduced microbial 

diversity) and highlights microbiome-based therapeutic 

approaches such as probiotics, prebiotics and fecal 

microbiota transplantation, as well as proposed mechanisms 

involving SCFAs and Treg cells. 

Discussion 

The synthesis of evidence indicates that gut dysbiosis is 

a consistent feature of MG and may contribute to disease 

initiation and progression. Multiple studies report a shift 

from a Firmicutes-dominant microbiota toward Bacteroidetes 

and Proteobacteria enrichment. A decline in 

butyrate-producing Lachnospiraceae and Ruminococcaceae and in 

Bifidobacteriaceae compromises the production of SCFAs, 

particularly butyrate and propionate. These metabolites play 

crucial roles in maintaining epithelial barrier integrity, 

promoting Treg differentiation and suppressing 

pro-inflammatory Th17 cells. Experimental evidence shows that 

butyrate supplementation restores Treg function in MG 

patients via autophagy induction and mTOR inhibition. Thus, 

the loss of SCFA-producing bacteria in MG may directly 

contribute to the Th17/Treg imbalance that drives 

autoantibody production. 

The increased abundance of Desulfovibrionaceae and 

Acidaminococcaceae observed in MG may exacerbate 

inflammation. Desulfovibrio species produce hydrogen 

sulphide, which disrupts epithelial integrity and modulates 

immune responses. Parasutterella and Streptococcus enrichment 

suggests colonization by facultative anaerobes capable of 

thriving in an inflamed gut environment. These bacteria may 

produce metabolites that activate TLR and complement 

pathways, further skewing immunity. The review by Wang et al. 

underscored that a low F/B ratio and reduced microbial 

diversity are common to neuroimmune diseases and correlate 

with decreased SCFAs. Our reanalysis confirms this pattern 

and highlights the importance of SCFAs in modulating immune 

homeostasis. 

Mendelian randomization studies strengthen the causal 

inference between gut microbiota and MG. Mi et al. identified 

specific taxa whose abundance genetically correlates with MG 

risk, while Sheng et al. showed bidirectional causality. These 
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results suggest that modifying the microbiota might influence 

MG development and that MG may reshape the microbiota. Animal 

models provide mechanistic support: transferring microbiota 

from MG patients to germ-free mice reproduces motor deficits 

and immune changes, and co-colonization with healthy 

microbiota reverses these effects. Together, these lines of 

evidence argue that dysbiosis is not merely a consequence of 

MG but an active participant in its pathogenesis. 

Therapeutically, restoring microbial balance represents 

a promising adjunct to immunosuppressive therapy. Dietary 

interventions rich in fermentable fiber could increase SCFA 

production. Probiotics containing butyrate-producing 

Clostridia and Bifidobacteria may replenish depleted taxa. 

Fecal microbiota transplantation (FMT) has shown efficacy in 

treating recurrent Clostridioides difficile infection and is 

being explored in neuroimmune diseases. Case reports describe 

improvement of MG symptoms following FMT; however, controlled 

trials are lacking. Safety considerations include potential 

transmission of pathogens and unpredictable immune responses. 

Targeted metabolite therapy, such as oral butyrate or 

propionate, may circumvent some risks and directly modulate 

immune responses. Finally, small-molecule inhibitors or 

activators of mTOR, GPR41/43 and HDACs could harness SCFA 

pathways to restore Treg/Th17 balance. 

Conclusion 

Myasthenia gravis remains an enigmatic autoimmune 

disorder where environmental factors converge with genetic 

predisposition to trigger pathogenic autoantibody production. 

The accumulating evidence reviewed here positions the gut 

microbiota as a pivotal environmental factor. Case–control 

studies consistently reveal dysbiosis characterized by 

decreased Firmicutes and SCFA-producing bacteria, increased 

Bacteroidetes and Proteobacteria, and reduced microbial 

diversity. Mendelian randomization analyses suggest that this 

dysbiosis is not merely associative but may causally influence 

MG risk. Mechanistic studies implicate reduced SCFAs, 

compromised gut barrier function and altered Th17/Treg 

balance as key mediators. While traditional MG therapies 

target the immune system, microbiota-targeted interventions 

represent an emerging frontier. High-fiber diets, probiotics, 
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SCFA supplementation and FMT warrant rigorous clinical 

testing. Future studies should adopt multi-omics approaches 

(metagenomics, metabolomics, transcriptomics) to delineate 

the functional consequences of dysbiosis, identify microbial 

signatures predictive of MG onset or severity, and develop 

personalized microbial therapies. Integrating gut microbiota 

modulation with conventional immunotherapy may offer a 

holistic strategy to improve outcomes for patients with MG. 
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