
In  our  study,  we  conducted  preliminary  screening  using  the  search  term 
“ mRNA vaccine adverse ”in the abstract, title, and  keyword fields across the  
Science Direct, PubMed, Springer Link , and Web of Science databases, with the 
publication date range set from January 2019 to April 2025. The preliminary  
screening criteria included articles spanning all years and reports of AEs from  
various global agencies such as Eud raVigilance in Europe, VAERS in the United  
States, and CANVA in Canada.

Adverse Event Profiles by Organ Systems

• Cardiovascular : myocarditis , thrombosis
• Neurological: headaches, Bell ’s palsy,    

functional disorders
• Mu cocuta neo us:  ur ticaria,  vitiligo,    

injection-site reactions

• Inflammatory :   thyroiditis ,  IgA 
nephropathy ,  multisystem   inflammation

Three Mechanistic Axes of Aes

1) Host Susceptibility
• Sex-specific    immunity  ( testo-

sterone - linked  sST2 elevation and 
myocarditis risk in males)

• Age-related  immune dysregulation
• Genetic  predisposition  and 

autoimmune backgrounds
• Life style and  racial/ ethnic factors 

influencing  immune variation

2) Delivery System Interactions
• Lipid nano particle (LNP)-induced inflammation and bio distribution-related toxicity
• PEG-associated hypersensitivity
• Local vs systemic innate immune activation
• Off-target tissue exposure (e.g. liver, cardiovascular system)

3) mRNA Molecular Design
• dsRNA impurities and uncapped transcripts triggering PRR signaling
• Molecular mimicry between viral antigens and human proteins
• Codon  optimization  and   nucleoside  modification  affecting  immune   responses
• Translational efficiency vs reactogeni city balance

 
 
 

 Mechanism-Driven Optimization Road map

• Improve IVT purity and reduce dsRNA contaminants
• Engineer biodegradable, tissue-targeted lipid vectors
• Tune adjuvanti city to avoid overactivation of innate immunity
• Develop biomarkers for pre-vaccination risk stratification
• Design population-adapted dosing regimens
• Expand real-world safety monitoring networks
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1. Introduction
Artificial  active  immunization  has  traditionally  relied  on  vaccines  using 

inactivated  pathogens or  protein subunits, which face scal ability challenges 
during pandemics. mRNA vaccine technology offers rapid antigen design and 
scalable  production, enabling accelerated deployment during the COVID-19 
crisis. While mRNA platforms represent a transformative advancement, their 
emergency  use  revealed  safety  concerns  linked  to  immunogeni city  risk s  in 
genetically  susceptible  individuals.  This  review  categorizes  adverse  events 
(AEs)  into  three  mechanistic  domains:   individual  susceptibility   (e.g.,  sex - 
specific  respo nses) ,  delive ry  syste m  co m po ne nts  ( e . g . ,   L N P -i nduced 
inflammation),  and  mRNA  design.  By  integrating  these  insights,  we  aim  to 
inform targeted strategies for next-generation vaccine optimization.

3. Conclusion
Although adverse events (AEs) from mRNA vaccines are rare, they require 

close monitoring due to potential health impacts and the risk of undermining 
public confidence, which can contribute to vaccine hesitancy. At the same time, 
these AEs drive innovation in mRNA vaccine technology, with mechanisms such 
as  molecular  mimicry, direct  neurotoxicity, and aberrant immune  responses. 
Overall, despite occasional AEs, vaccination remains the most effective way to 
prevent  disease,  achieve   herd   immunity,  and  control   pandemics,   making 
continued  research  on  AEs  essential  for   maintaining  public  trust  and 
vaccination success.

2. Methods & Results
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Fig. 1. AEs map of Human body distribution. Different colors in the figure represent 
different AEs categories by system and organs. Red represents cardiovascular AEs, 
yellow represents neurological AEs, blue represents mucocutaneous and connective 
tissue disorders, and black represents  inflammatory AEs. The dashed guide  line  
indicates the affected area of Aes.

Fig. 2. Sankey diagram of mechanisms, AEs and human tissues. The relationships  
among  AEs, inducing  factors  of  mRNA  vaccines,  and  the  clinic  categories,  are 
elucidated though the connections.


