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ABSTRACT 
Myasthenia Gravis (MG) is an autoimmune 

neuromuscular disorder in which immune-mediated 

mechanisms interfere with effective neuromuscular 

transmission. Increasing evidence suggests that the 

intestinal microbiome contributes to immune 

regulation through both microbial composition and 

the metabolites generated by resident 

microorganisms. This review-based project 

examined the possible use of microbiome-derived 

characteristics as predictors of vaccine response in 

autoimmune disease, with specific emphasis on 

MG. Relevant literature addressing MG, gut 

microbiota, microbial metabolites, short-chain fatty 

acids (SCFAs), immune regulation and vaccination 

was reviewed using PubMed, Google Scholar, 

Scopus, ScienceDirect and SpringerLink. The 

available evidence indicates that MG can be 

accompanied by changes in the abundance of 

beneficial and potentially pro-inflammatory 

microorganisms and by alterations in SCFA 

production. Organisms such as Faecalibacterium 

prausnitzii, Roseburia, Bifidobacterium and 

Lactobacillus have been discussed in relation to 

intestinal integrity and immune balance, while 

metabolites including butyrate, acetate and 

propionate may influence regulatory immune 

pathways. Gut microbial status may also affect 

vaccine-induced immunity by modifying antigen 

presentation, T-cell responses and antibody 

production. Accordingly, microbial composition, 

SCFA concentrations and selected inflammatory 

indicators may represent candidate biomarkers for 

estimating vaccine responsiveness. The proposed 

framework is intended as a research concept rather 

than a validated clinical test, and prospective studies 

are required to determine its clinical value. 

 

Keywords: Myasthenia Gravis; gut microbiome; 

vaccine response; microbiome-derived biomarkers; 
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I. INTRODUCTION 
Autoimmune Diseases and Immune 

Dysregulation 

Autoimmune diseases occur when the immune 

system loses self-tolerance and attacks the body’s 

own tissues. Their development involves 

interactions among genetic, environmental, immune 

and microbial factors. (3,7) Increasing evidence 

indicates that the gut microbiome plays an 

important role in immune regulation and 

inflammatory responses. (4,11,12) 

 

Myasthenia Gravis 

Myasthenia Gravis (MG) is a chronic autoimmune 

neuromuscular disorder characterized by impaired 

neuromuscular transmission and fluctuating muscle 

weakness. It is commonly associated with 

autoantibodies against the acetylcholine receptor 

(AChR), while antibodies against muscle-specific 

tyrosine kinase (MuSK) may also occur. (25) 

Abnormal interactions among B cells, T cells and 

inflammatory mediators contribute to disease 

progression. (6,23,25) 

 

Gut Microbiome and MG 

The gut microbiome consists of microorganisms 

that contribute to digestion, metabolism, intestinal 

barrier integrity and immune homeostasis. 

Dysbiosis can alter gut–immune communication 

and promote inflammatory responses. (4,11) Studies 

reviewed in this project have reported changes in 

gut microbial composition in MG, including 

reductions in beneficial and short-chain fatty acid 

(SCFA)-producing bacteria.(12) 

Microbial Metabolites and Immune Regulation 

SCFAs such as acetate, propionate and butyrate are 

important microbial metabolites involved in 

intestinal barrier function and immune regulation. 

Butyrate-producing bacteria, including 
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Faecalibacterium prausnitzii and Roseburia, along 

with beneficial groups such as Bifidobacterium and 

Lactobacillus, may support immune homeostasis. 

Alterations in these microorganisms and their 

metabolites may contribute to immune imbalance in 

MG.(4,11,12.23) 

 

Gut Microbiome and Vaccine Response 

Vaccination activates innate and adaptive immune 

responses and generates antigen-specific immune 

memory. Vaccine effectiveness can vary depending 

on immune status, medications and other host 

factors. (1,2,5) Emerging evidence suggests that gut 

microbial composition and microbial metabolites 

may influence antigen presentation, T-cell 

differentiation and antibody production. (2,5,6) 

Dysbiosis and reduced SCFA production may 

therefore be associated with altered vaccine 

responses. (4,11,12) 

 

Microbiome-Derived Biomarkers 

Microbiome-derived biomarkers may include 

bacterial abundance, microbial diversity, metabolic 

activity and metabolites such as SCFAs. In MG, 

combining microbial composition with SCFA levels 

and inflammatory markers may provide a better 

indication of vaccine responsiveness than a single 

parameter. However, current evidence is limited 

and requires validation through larger 

prospective studies. (4,11,12) 

 

AIM 

The aim of the project is to evaluate the 

“Microbiome Derived Biomarkers as a Predictors of 

Vaccine Response in 

Autoimmune Diseases: Focus on Myasthenia 

Gravis” 

 

OBJECTIVES 

1. The primary objective of the study is to 

determine the role of gut 

microbe in autoimmune diseases. 

2. To identify microbiome-derived 

biomarkers associated with vaccine response. 

3. To evaluate the influence of gut 

microbiome alterations on vaccine efficacy in 

myasthenia gravis. 

4. To explore the potential of microbiome 

biomarkers for 

personalized vaccination strategies. 

STUDY DESIGN 

Formulative Hypothesis-Driven Research & 

Conceptual Protocol Proposal. 

STUDY PERIOD 

3 months (June 2026 – August 2026) 

DATA SOURCES 

PubMed 

Google scholar Scopus ScienceDirect SpringerLink 

 

INCLUSION CRITERIA 

1. Patients diagnosed with myasthenia gravis. 

2. Age 18 years above. 

3. Patients eligible to receive the recommended 

vaccine. 

4. Patients willing to provide informed consent. 

5. Patients available for follow-up after 

vaccination. 

 

EXCLUSION CRITERIA 

1. Age below 18 years. 

2. Patients with acute severe infection s or fever at 

the time of 

vaccination. 

3. Patients with history of severe allergic reaction 

to the vaccine or its components. 

4. Pregnant or breastfeeding women (if required 

by the study protocol). 

5. Patients unwilling to participate or unable to 

complete follow-up. 

 

II. METHODOLOGY 
Systemic literature research 

Relevant research articles were collected from 

PubMed, Google Scholar, ScienceDirect, Scopus 

and SpringerLink using appropriate keywords. 

Study selection 

Relevant studies related to gut 

microbiome, vaccine response, and myasthenia 

gravis were selected based on the study objectives. 

Data analysis 

The selected studies were reviewed and analyzed to 

identify the role of gut microbiome-derived 

biomarkers in predicting vaccine response. 

 

COMPLETE PROJECT METHODOLOGY & 

PROTOCOL FRAMEWORK PHASE 1: 

CONCEPTUAL FRAMEWORK & 

MECHANISM SYNTHESIS 

This concept explains Inverse Vaccination that are 

designed to suppress rather than stimulating 

immune response against a specific antigen. This 

project also focuses on how the gut microbiome 

alters the body to accept this tolerance. 
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MECHANISTIC SYNTHESIS: How 

butyrate enables the preventive vaccine for a 

tolerogenic vaccine to prevent MG, the immune 

system must be in a receptive, anti-inflammatory 

state. 

1. ROLE   OF   PREVENTATIVE 

VACCINE: This type of vaccine exposes the 

AChR autoantigen to the immune system without 

any warning,” aiming to induce peripheral tolerance 

via the liver or mucosal tissues”. 

 

2. THE ROLE OF MICROBIOME AS 

THE “TOLERANCE PRIMER”: 

Short-chain fatty acids (SCFAs), particularly 

butyrate, act as Histone Deacetylase (HDAC) 

inhibitors. This initiates the acetylation of FOXP3 

gene by creating systemic pool of resting 

Regulatory T (Treg) cells. 

3. SYNERGISTIC PREVENTION: 

when The patient with high levels of butyrate 

administered with tolerogenic vaccine, it utilizes 

Treg cells it generates AChR-specific Treg cells. 

This specialized cell contributes to suppressing B-

cells which is responsible for producing anti-AChR 

antibodies. This type of vaccine plays a major role in 

preventing the onset clinical myasthenia gravis. 

PHASE 2: STRATEGIES FOR 

EVIDENCE GATHERING: 

It’s a four-step literature integration method to 

gather evidence for this study. 

Step 1: 

SEARCH KEYWORDS: Myasthenia gravis, 

Tolerogenic Vaccine, Inverse Vaccine 

Autoimmunity, Gut Microbiome Regulatory T cells, 

Treg cells, Short-Chain 

Fatty Acids Butyrate, and Pre-clinical 

Autoimmunity. 

Step 2: 

TARGET POPULATION: Identifying individuals 

at high risk for MG e.g., familial history of 

autoimmunity 

combined with asymptomatic seropositivity for 

AChR antibodies. 

STEP 3: 

MECHANISTIC EXTRACTION: 

published studies were evaluated for baseline fecal 
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/serum SCFA concentration in MG and healthy 

controls, correlations between microbial markers 

and vaccine antibody responses 

STEP 4: 

BIOMARKER CORRELATION: 

Identifying how low fecal 

Faecalibacterium prausnitzii which is a key butyrate 

producer correlates with failed immune-tolerance 

induction in existing autoimmune literature. 

PHASE 3: CLINICAL PREDICTION AND 

PROTOCOL SCREENING: 

Clinicians need to screen high risk individuals 

before administering preventative MG vaccine to 

ensure the efficacy of the vaccine. 

 

The Preventative Screening Algorithm 

 
 

Preventative Vaccine Success Predictor Matrix 

BIOMARKER Favourable Profile (Predicts Vaccine 

Success & MG 

Prevention) 

Unfavorable Profile (Predicts 

Vaccine Failure & MG Onset) 

FECAL BUTYRATE Normal/high (≥20 mmol per kg 

)-robust Treg priming 

Low (<10 mmol per kg)-inadequate 

tolerance 

foundation 

MICROBIAL TAXA Sufficient (≥5% Clostridia / F. 

prausnitzii) 

Depleted (< 2% relative 

abundance) 

CYTOKINE TONE Balanced (High IL-10, Low 

IL-6) 

Inflammatory (High IL-6/IL- 

17A, Low IL-10) 

 

PHASE 4: THE INTERVENTION 

The flow chart represents the final thesis deliverable: a proposed clinical protocol to assure success to prevent 

Myasthenia gravis. 
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FRAMEWORK ANALYSIS: 

The first phase of the proposed framework 

focuses on identifying high-risk or pre-clinical 

individuals who show early evidence of an AChR-

directed autoimmune response, such as the presence 

of AChR antibodies, but do not yet exhibit clinical 

symptoms of Myasthenia Gravis (MG). At this 

stage, the individual may be considered potentially 

susceptible to future development of MG, although 

the presence of AChR antibodies alone does not 

confirm clinical disease. The proposed strategy is 

therefore based on early intervention before the 

development of significant neuromuscular 

manifestations. A preventive tolerogenic vaccine is 

conceptually administered at this stage and is 

proposed to contain selected AChR-derived 

peptides designed to promote antigen-specific 

immune tolerance rather than stimulate an 

inflammatory immune response. Exposure to these 

AChR peptides may   theoretically   encourage   

the development or expansion of AChR-specific 

regulatory T cells (Tregs), which can help control 

autoreactive immune responses and maintain self-

tolerance. By promoting tolerance towards AChR at 

an early stage, the vaccine may potentially reduce 

the activation of autoreactive T and B cells and 

thereby limit the subsequent production of 

pathogenic AChR antibodies. The response to this 

proposed vaccine may also be influenced by the 

individual's gut microbiome, because gut microbial 

composition and microbiome-derived metabolites 

such as short-chain fatty acids, particularly butyrate, 

can contribute to systemic immune regulation. Thus, 

Phase I establishes the initial connection between 

early identification of individuals at potential risk, 

administration of an AChR-specific tolerogenic 

vaccine, and the subsequent evaluation of gut 

microbiome status, which forms the basis for 

determining whether a favourable or unfavourable 

immune environment is present for effective 

vaccine-induced tolerance. 

Phase II focuses on the identification of 

microbiome-derived biomarkers and their 

relationship with immune regulation. Changes in 

gut microbial composition can influence the 

production of metabolites, particularly short-chain 

fatty acids (SCFAs) such as butyrate, acetate, and 

propionate. Among these metabolites, butyrate is 

particularly important because of its potential role 

in maintaining intestinal barrier integrity and 

supporting regulatory immune mechanisms. 

Adequate SCFA production may  favour  the  

differentiation  and functional activity of 

regulatory T cells (Tregs), which are essential for 

maintaining immune tolerance and controlling 

excessive immune activation. In contrast, dysbiosis 
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with reduced SCFA production may be associated 

with an increased inflammatory environment, 

including enhanced IL-6 and Th17-associated 

responses. Therefore, microbiome-derived 

metabolites such as butyrate and SCFAs, together 

with inflammatory and regulatory immune markers, 

may serve as potential biomarkers for assessing the 

immunological status of individuals and predicting 

their suitability for preventive tolerogenic 

vaccination. 

Phase III represents the proposed 

preventive tolerogenic vaccination strategy and the 

induction of antigen-specific immune tolerance. A 

tolerogenic vaccine containing disease-relevant 

autoantigenic components, such as acetylcholine 

receptor (AChR)-derived antigenic peptides, is 

proposed to expose the immune system to the target 

antigen in a manner that promotes tolerance rather 

than inflammation. The objective of this approach is 

to reduce the probability of an inappropriate 

autoimmune response against AChR before 

significant neuromuscular damage occurs. In an 

immunologically favourable environment, antigen 

exposure may promote the development or 

activation of antigen-specific regulatory T cells and 

suppress autoreactive immune responses. This may 

reduce the activation of autoreactive T cells and B 

cells and consequently decrease the possibility of 

pathogenic anti-AChR antibody production. The 

effectiveness of this process may, however, 

depend partly on the underlying immune 

environment, which can be influenced by the gut 

microbiome and its metabolites. Thus, a balanced 

microbiome with adequate SCFA production may 

theoretically provide a more favourable 

environment for the establishment of vaccine-

induced immune tolerance. 

Phase IV represents the final outcome of 

the interaction between gut microbiome status, 

immune regulation, and tolerogenic vaccination. In 

individuals with a favourable microbiome profile, 

adequate butyrate and SCFA production may support 

Treg-mediated immune regulation and enhance the 

establishment of antigen-specific tolerance 

following vaccination. Successful induction of 

tolerance may suppress autoreactive immune cells 

and reduce the development of pathogenic 

antibodies against AChR, thereby potentially 

preventing or delaying the onset of MG. Conversely, 

individuals with persistent gut dysbiosis, reduced 

SCFA production, and increased inflammatory 

activity may have a less favourable response to 

tolerogenic vaccination. Increased inflammatory 

signalling, including IL-6 and Th17-associated 

responses, may interfere with the establishment or 

maintenance of immune tolerance and may allow 

autoreactive immune responses to persist. This 

could result in an inadequate vaccine response and 

continued risk of autoimmune disease development. 

Therefore, the overall framework proposes that gut 

microbiome-derived biomarkers may have potential 

value not only for understanding disease-associated 

immune dysregulation but also for predicting the 

response to preventive tolerogenic vaccination. 

Assessment of microbiome composition and 

metabolites before vaccination may theoretically 

help identify individuals who are more likely to 

respond favourably and those who may require 

microbiome-targeted interventions before 

vaccination. Overall, the four-phase model 

integrates risk identification, microbiome biomarker 

assessment, tolerogenic vaccination, and final 

immune outcome into a single conceptual pathway, 

highlighting the potential role of the gut 

microbiome as a modifiable factor influencing 

preventive vaccine response in autoimmune 

diseases such as Myasthenia Gravis. However, this 

proposed mechanism remains a conceptual 

hypothesis and requires validation through 

appropriate experimental, preclinical, and clinical 

studies. 

 

 

III. DISCUSSION: 
The present study focused on the role of 

microbiome-derived biomarkers as predictors of 

vaccine response in an autoimmune disease, with 

mainly focusing on myasthenia gravis (MG). The 

findings from the reviewed literature coherently 

state that gut microbiota plays an important role in 

regulating immune homeostasis and also involves in 

the development process, progressive events, and 

the treatment for the autoimmune response. Recent 

studies stating that the vaccine-induced immune 

responses affected due to the activity of gut 

microbiota with their composition and metabolic 

activity and suggesting that microbiome derived 

biomarkers have been important  tool  for  the  

predication  of vaccine efficacy in patients with 

autoimmune conditions. 

Several research studies reported in their 

review that there are some changes in the gut 

microbial composition of patients with myasthenia 

gravis. Jie Lv et al., (2026) stated that there is a 

decrease in the production of short chain fatty 

acids(SCFAs) and gradual increase in the 

pathogenic microorganisms mainly due to the 

reduced presence of beneficial bacteria like 
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Bifidobacterium and Bacteroides myasthenia gravis 

(MG) individuals. 

Similarly, Deng X. et al., (2025) observed a 

reduction in short chain fatty acids (SCFAs) 

producing bacteria and increase in opportunistic 

pathogens in patients with autoimmune neurological 

disease, including myasthenia gravis (MG). SCFAS 

such as butyrate, acetate, and propionate regulate T-

cells, reduce excessive inflammatory responses and 

maintain intestinal barrier integrity. Finally noted 

that reduced short chain fatty acids (SCFAs) 

production may lead to immune imbalance and 

inhibited immune responses in myasthenia gravis 

conditions (MG). This also emphasized the role of 

microbial metabolites as the reliable biomarkers for 

evaluating immune competence. 

The comparative study by Tao Wu et al., 

(2025) demonstrated that gut microbial dysbiosis is 

not only observed in myasthenia gravis but also 

recorded in other autoimmune neurological 

conditions like Optic neuritis. The microbial 

composition differed between diseases, but 

dysbiosis patterns present are common mechanisms 

for the autoimmune disease progression. 

Microbiome profiling is an important observation 

and acts as a potential and prognostic tool. 

The relationship between gut microbiota 

and myasthenia gravis using Mendelian 

randomization was investigated by Shi et al., 

(2024). They said specific microbial species or gut 

microbiome influence disease susceptibility but 

actively participating in pathogenesis rather than 

acting as a secondary consequence of the disease. 

These statements support the idea that biomarkers 

are derived from the gut microbiome and are very 

useful for the diagnosis of myasthenia gravis. 

The key importance of the gut microbiome 

was merely highlighted by Renuka R. Nayak et al., 

(2024). They demonstrated that microbial 

composition is also an important factor is immune 

regulation and the therapeutic efficacy of 

autoimmune diseases. Vaccine effects are enhanced 

and treatment plans are personalized through 

microbiome intervention. These observations are 

useful for precision medicines and help clinicians 

chose the gut microbiome which intended for the 

individual treatment and for the vaccination 

enhancement. 

The Gut microbiome is a component that 

plays an important role in how the vaccines work and 

how they interact body’s immune responses. Cristina 

Ardura-Garcia et al.,(2024) spotted that individuals 

with a favourable microbial composition and a 

healthy gut microbiome tend to produce stronger 

antibodies after vaccination. However, an 

imbalanced gut microbiome leads  to  a  reduced  

vaccination  effect. 

Likewise, Valeria Decker et al., (2024) 

reported that an individual’s response to vaccination 

in autoimmune conditions is predicated by gut 

microbiome signatures used as biomarkers. 

Microbiome profiling should be performed prior to 

vaccination to assess whether the gut microbiome 

with respond favorably. Identifying profiles 

associated with diminished responses is particularly 

useful for myasthenia gravis. 

Several research studies evaluate responses 

of vaccine consistently find that the gut microbiome 

plays an important role in shaping vaccine 

immunogenicity. Cristina Ardura -Gracia et al., 

2024 stated that individuals with a healthy and 

diverse gut microbiome develop stronger antibody 

responses following vaccination, whereas microbial 

dysbiosis is associated with reduced vaccine 

effectiveness. Similarly, Valeria Decker et al.,2024 

reported that microbiota signatures could serve as 

predictive biomarkers of vaccine-induced immune 

responses in patients with autoimmune and 

neuromuscular diseases. These researchers suggest 

that microbiome profiling before vaccination may 

help identify individuals who are likely to exhibit 

suboptimal immune responses. 

Recent investigations also encourage these 

conclusions. David J. Lynn et al., 2022 

demonstrated that certain microbial metabolites 

boost the antigen presentation, antibody production, 

and T-cell activation, factors essential for 

improving the effectiveness for vaccine-induced 

immunity. Zimmermann and Curtis (2018) similarly 

concluded that intestinal microbiome influences 

both innate and adaptive immune responses, 

thereby affecting immunogenicity and immune 

memory. These studies highlight the importance of 

maintaining a healthy gut microbiome to improve 

vaccine efficacy and durability. 

Several research studies have highlighted 

the role of beneficial bacteria in gut health and 

immunity. Angel Yun-Kun Thye et al.,2022 studied 

the patients who has been affected by myasthenia 

gravis and found that these individuals has low 

beneficial bacteria in their gut microbiome. This 

reduction leads to lower production of SCFA which 

primary function is to balance the immune system, 

when SCFA levels are low the immune system can 

overreact worsening autoimmune disease. However, 

it can be improved through probiotics treatment or 

FMT (Fecal Microbiota Transplantation) to improve 

gut microbiome and restore the immune balance. 
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Clinical studies have also evaluated the 

relationship between the gut microbiome and 

vaccine responses. Studies by Jing et al.,2021, 

Sanne E. de Jong et al., 2020 and Daniel T. Hagan 

et al.,2019 showed that individuals with a healthy 

gut microbiome exhibit strong antibody production 

following vaccination. But weak bacteria diversity 

leads to reduced vaccine efficacy indicating that the 

gut microbiome play an important role in the 

vaccine effectiveness. 

Overall, the available evidence indicates 

that gut microbiota dysbiosis contributes to immune 

dysfunction in myasthenia gravis and may influence 

vaccine-induced immune responses. Changes in 

microbial diversity, beneficial bacteria, SCFA-

producing organisms, and microbial metabolites 

have the potential to serve as useful biomarkers for 

predicting vaccine responsiveness and disease 

progression. 

In following studies there is no evidence 

that microbiome-derived biomarkers can be 

predictable is still limited. Most current findings 

come from observational and experimental studies, 

indicating the need for more clinical investigations. 

In future large-scale prospectives studies 

combining microbiome sequencing, metabolomics, 

immune profiling and vaccine response assessment 

are required to validate these biomarkers. Such 

studies may help develop personalized vaccine 

response assessment are required to validate the 

biomarkers. Such studies may help develop 

personalized vaccination strategies and microbiome-

based therapies, ultimately improving and 

management of patients with Myasthenia Gravis 

 

IV. CONCLUSION 
The present review highlights the 

important role of the gut microbiome in regulating 

immune system and influencing vaccine-induced 

immune responses in autoimmune diseases, 

particularly Myasthenia Gravis (MG). The reviewed 

evidence indicates that MG is associated with gut 

microbial dysbiosis, characterized by alterations in 

microbial diversity, depletion of beneficial and 

SCFA-producing bacteria, and changes in microbial 

metabolites. These alterations may contribute to 

immune dysregulation and chronic inflammation. 

The studied literature also suggests that the 

composition and metabolic activity of the gut 

microbiome can influence vaccine immunogenicity 

by modulating innate and adaptive immune 

responses. Microbial components, particularly 

SCFAs and other metabolites, may therefore have 

potential as microbiome-derived biomarkers for 

predicting vaccine responsiveness. Identifying such 

biomarkers could help recognize individuals who 

may have suboptimal vaccine responses and support 

more personalized vaccination strategies. 

Specific beneficial gut bacteria, including 

Faecalibacterium prausnitzii, Roseburia 

intestinalis, Bifidobacterium longum, and 

Lactobacillus rhamnosus, play an important role in 

maintaining gut health and immune regulation. 

Faecalibacterium prausnitzii and Roseburia 

intestinalis are important butyrate-producing 

bacteria. Butyrate, a major short-chain fatty acid 

(SCFA), helps maintain intestinal barrier integrity 

and supports the regulation of immune cells, 

including regulatory T cells. Bifidobacterium 

longum and Lactobacillus rhamnosus also 

contribute to maintaining microbial balance and 

modulating immune responses. These beneficial 

bacteria and their metabolites may support effective 

immune activation following vaccination, thereby 

potentially contributing to stronger vaccine-induced 

antibody responses. Therefore, changes in these 

bacteria and reduced butyrate production may 

influence immune regulation and vaccine 

responsiveness in patients with Myasthenia Gravis. 

However, direct evidence specifically 

linking microbiome-derived biomarkers with 

vaccine response in patients with MG remains 

limited. Therefore, further well-designed 

prospective clinical studies combining microbiome 

sequencing, metabolomic analysis, immunological 

profiling, and assessment of vaccine-induced 

antibody responses are required. Future research 

may help validate these biomarkers and establish 

their clinical usefulness, potentially contributing to 

precision medicine and improved vaccination 

outcomes in patients with Myasthenia Gravis. 

 

LIMITATIONS 

Dry-Lab Constraints: Based on theoretical 

frameworks and literature synthesis without direct 

wet-lab or clinical trial validation. 

Microbiome Heterogeneity: Gut microbial profiles 

and SCFA levels vary widely due to diet, 

geography, age, and genetics, making universal cut-

off values difficult to define. 

Medication Confounders: Baseline use of 

corticosteroids, immunosuppressants, or antibiotics 

directly alters gut flora and immune baseline, 

masking pure microbial interactions. 

Diagnostic & Cost Hurdles: Advanced sequencing 

(16S rRNA) and metabolomic profiling (GC-MS) 

are currently too expensive and slow for routine 

point-of-care pharmacy testing. 
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Experimental Status of Tolerogenic Vaccines: 

Inverse/tolerogenic vaccines for Myasthenia Gravis 

are primarily in early translational stages, limiting 

long-term human outcome data. 

 

FUTURE SCOPE 

1. Conduct large-scale clinical studies to validate 

the relationship between gut microbiota and 

vaccine response in myasthenia gravis. 

2. Use microbiome sequencing and metabolomics 

to identify specific bacterial species and 

microbial metabolites as potential biomarkers. 

3. Investigate the role of SCFAs and other 

microbial metabolites in regulating vaccine-

induced immune responses. 

4. Explore microbiome-based interventions, 

including probiotics, prebiotics, and fecal 

microbiota transplantation (FMT), to improve 

immune regulation. 

5. Develop personalized vaccination strategies 

based on microbiome-derived biomarkers to 

improve vaccine responsiveness in patients 

with myasthenia gravis. 
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